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During post-glacial marine transgressions, sediment and 

carbon are deposited during the infilling of lowland fluvial 
systems. Quantifying the amounts, timing, and preservation of 
this material would provide insight into sequestration of carbon 
in fluvial systems in response to sea level rise. 

We investigated the sedimentary and carbon dynamics of 
the Fly and Strickland Rivers, Papua New Guinea. Field data 
include: 14C dated deep cores depicting base level evolution 
over the Holocene, sonar imaging of floodbasin stratigraphy, 
and the observations of blocked valley lakes and weathered 
erosional remnants. Measurements of carbon content of the 
deep cores are informed by our study of the biogeochemistry 
and morphodynamics of the modern river. These data provide 
insight into the potential biogeochemical storage & buffering 
provided by large tropical rivers during the Holocene. 

We upscale our observations by modeling river system 
evolution, employing 1-D transport modelling to predict the 
longitudinal profile of the river bed during the LGM-Holocene 
transgression. We also use a GPU-based Landscape Evolution 
Model (GULEM) to predict the evolution and tropography of 
the entire LGM Fly River valley, thereby providing a novel 
means to estimate the accommodation space subsequently 
infilled during transgression. GULEM predicts river & 
tributary incision, non-linear diffusion, and hydraulic-
geometry based estimates for channel morphology and 
deposition potential, all relatively simple ‘power laws’ that are 
commonly used. This reduced complexity model design allows 
the vectorized approach that GULEM employs to efficiently 
model coupled fluvial-landscape evolution for a complex 
system over large temporal and spatial scales.  

Our combined approach affords estimates for the timing 
and budgets of sediment and carbon storage in Fly River 
floodplains in response to sea level rise, with the general 
observation that ~5 Pg of carbon were sequestered during the 
transgression from LGM to Holocene high-stand conditions. 
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Atud gold deposit is mesothermal Au deposits hosted in 

gabbroic rocks at the central part of the Eastern Desert of 
Egypt. This deposit is structurally controlled by several sets of 
brittle-ductile shear zones and their gold mineralization are 
closely associated with intense hydrothermal alteration along 
these shear zones, with a typical greenschist facies alteration 
assemblages. The present study deals with geochemistry of 
hydrothermal alteration of Atud Au deposit in order to evaluate 
the material exchange as well as determine quantitative 
calculation of losses and gains of chemical components during 
hydrothermal alteration by determining the mineral 
assemblages of altered and parent rocks.  
Three main hydrothermal alteration zones of mineral 
assemlages that occurred around quartz veinlets associated 
with shearing have been described; zone 1 
(sericite/kaolinite+sulfide±quartz±hematite), zone 2 
(quartz+albite+kaolinite+sulfide±sericite) and zone 3 
(carbonate+sericite+sulfide). Generally the altered wall rocks 
have high value of alteration degree (CIA=49.94, 52.18 and 
47.78 for zone 1, zone 2 and zone 3 respectively) with slight 
change in chemical composition with reference to the least 
altered rocks (average 45.25). Mass balance calculations 
suggested that there is gain in K2O in zone 1 as a replacement 
of Fe-Mg silicate and feldspars by sericite. While, in zone 2, 
gain in SiO2, Al2O3, Na2O, and K2O refers to silicification, 
albitization and kaolinization alterations. On the other hand, 
zone 3 shows local gain in CaO reflects the occurrence of calc-
silicate alteration. All alteration zones contain a large 
proportion of sulfide minerals (gain in SO2) with increase in 
loss on ignition (LOI) as well as gold and related pathfinders 
(e.g. Au, Ag, Cu, As, Ba, Sb, and W) compared to the least-
altered rocks. Furthermore, the sericitization index (3K/Al) is 
significantly higher in altered rocks (1.1 zone 1, 0.5 zone 2 and 
1.1 zone 3) compared to least-altered rocks (0.2). 
 

Keywords: Mass balance calculation, hydrothermal 
alteration geochemistry, Atud Au-deposit, Egypt. 
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Organic matter oxidation in marine sediments often occurs 

in two distinct depth zones: reactive surface sediments, and 
“hot spots” in the sub-surface, commonly located at the depth 
interval where sulfate (SO4

2-) is exhausted and methane (CH4) 
begins to increase (the sulfate-methane transition, or SMT). 
Several lines of evidences support the suggestion of enhanced 
production of dissolved organic matter (DOM) in the 
methanogenic zone followed by its oxidation in the sulfate 
reducing zone. However some of the DOM produced in the 
deep sub-surface (methanogenic) sediments likely resists 
oxidation in the sediments, and therefore contributes to a net 
DOM flux out of the sediments into the water column. Here we 
present results that examine changes in the chemical 
composition of dissolved organic matter across the sulfate-
methane transition zone in Santa Barbara Basin sediments by 
using proton nuclear magnetic resonance (1H-NMR) and 
Fourier transform ion cyclotron resonance mass spectrometry 
(FTICR-MS). The coupling of these two spectroscopic 
techniques provides a more complementary picture of 
porewater DOM because it traces changes in both the major 
chemical functional groups and in individual molecular level 
composition. To further highlight the chemical composition of 
labile and recalcitrant porewater DOM fractions across the 
SMT a two-dimensional spectroscopy correlation analysis (2D-
correlation) of these results will be used. The biogeochemical 
implications of all of these observations will be discussed. 
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CR chondrites have received attention because of their 

exotic organic and presolar materials [1] and the broad range 
of asteroidal alteration features in CR1-CR3s [2]. CR matrices 
hosts the organic and presolar materials and, along with FeNi 
metal, they are highly susceptible to asteroidal alteration. To 
understand the changes resulting from asteroidal processing, 
23 FIB matrix sections from 10 CRs (EET 96259, GRA 95229, 
GRA 06100, GRO 95577, GRO 03116, LAP 02432, LAP 
04515, LAP 04720, MIL 07525, MIL 090001) were analyzed 
by TEM. 

All the selected CR matrices are dominated by amorphous 
ferromagnesiosilica, which are abundant even in the most 
aqueously altered CR1, GRO 95. Given the degree of 
alteration of GRO 95 [3], ferromagnesiosilica may contain 
structural H2O and be resistant to crystallization into 
phyllosilicates. Although ferromagnesiosilica, phyllosilicates 
(Fig. 1), and FeNi sulfides occur in all meteorites, 
mineralogical trends established in the CR parent body are 
evident. Matrix mineralogy is simplest in the least altered 
CR2s (e.g. GRA 95, LAP 02), which is consistent with 
observations of CR3 matrices [4]. Secondary mineralogy in all 
meteorites is controlled by redistribution of Fe, which was 
removed from mm-sized FeNi grains. Assemblages are most 
complex and variable in GRA 06, GRO 03, and EET 96. 
Millimeter-sized FeNi grains are also most altered in these 
three meteorites – GRA 06 shows the most extensive 
replacement textures [5]. Nanophase minerals stable under 
extreme low/high fO2 coexist in GRA 06, GRO 03, and EET 
96 (e.g., FeNi metal, FexSiy, wustite, enstatite, forsterite, 
fayalite, magnetite, and hisingerite). These meteorites show 
µm-scale shock features, suggesting that their disequilibrium 
matrix assemblages formed as a consequence of impact 
processes. Multiple aqueous alteration styles are evidenced by 
the secondary assemblages in LAP 04516 and MIL 05, which 
are distinct from those GRO 95. They contain nanophase 
toichillinite, which is common in CM2s, but not in previously 
studied CRs. In contrast, GRO 95 contains µm-sized magnetite 
and nanophase FeNi sulfides.  

 
[1] Floss et al 2009. Ap. J. 697, 1242-1255 [2] Abreu 2007. 
PhD Dissertation [3] Weisberg & Huber 2007. MAPS 42, 
1495-1503 [4] Abreu & Brearley. 2010. GCA 74, 1146-1171 
[5] Abreu & Bullock 2013. MAPS 48, 2406-2429 
NNX11AH10G to NMA. Conducted at MRI-Penn State. 
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Studies of weathering rates and processes in sub-alpine 
environments are relatively rare, especially where deposit ages 
are well constrained. We studied 18 granitic-till-derived soils 
and 21 rocks in Tioga-age (~ 19ka) and Tahoe-age (~118ka)1 
moraine crest deposits in the Lake Tahoe Basin. Mineralogical 
and elemental analyses included quantitative XRD2, DSC/TG, 
total elements by ICP-OES, and mineral selective dissolution3. 
Chemistry and morphology of silica-cemented subsoil layers 
(duripans) were investigated by electron microprobe analysis 
and exploratory in situ U/Th. We also measured the chemistry 
of ex-situ pore waters and estimated mineral equilibrium using 
various approaches 4, 5. Tahoe-age soils have lost up to 16% 
plagioclase, 9% biotite, and 2% amphiboles as compared to 
proxy initial till composition. As a result, soils have 
accumulated amorphous silica and gibbsite, but to a greater 
extent and depth in the Tahoe-age soils. U and Th are 
associated with the amorphous silica and gibbsite, in 
concentrations that may allow in situ dating. Our results show 
that mineral weathering has produced amorphous silica and 
gibbsite in a cold, subalpine environment, and that these 
products accumulate in older soils. These weathering products 
are more typically associated with stronger weathering on 
much older landscapes in warmer climates. Results also 
provide a basis for estimation of mineral alteration rates in 
these sub-alpine deposits.  
 
[1] D. H. Rood, D. W. Burbank and R. C. Finkel, Quaternary 
Science Reviews, 2011, 30, 646-661 [2] D. D. Eberl, 2009 [3] 
NRCS, 2004 [4] D. L. Parkhurst and C. A. J. Appelo, 1999 [5] 
J. P.Gustafsson, 3.1 edn. 2014 
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The Bohemian Massif represents the easternmost and the 

largest exposure of the Variscan orogenic belt in Europe. It is 
known for numerous Au, Sn-W, U and base metal 
hydrothermal ore deposits located in different geotectonic units 
and positions. These mineralizations are sometimes 
accompanied by molybdenite, which is much more widespread 
in magmatic rocks related to granitoids [1] occurring 
throughout the Bohemian Massif (Czech Republic). 

We present new Re-Os data for a suite of molybdenite 
samples from seven different localities occurring in granitoids 
and/or related hydrothermal systems of Variscan (~370-280 
Ma) and Cadomian (~580-520 Ma) ages. This sample set 
includes molybdenite dispersed in the magmatic rock matrix, 
small quarz veinlets and/or located in fissures of the parental 
granitic bodies (Krupka, Padrť, Žulová, Čistá, Dyje massif) as 
well as molybdenite associated with Sn-W-bearing and/or 
barren greisens (Krásno, Moldanubian Pluton).  

The samples have highly variable Re–Os concentrations 
(Re = ~4–602 ppm, 187Os = ~12–2133 ppb) with the highest 
contents found in molybdenite hosted in granites and 
associated quartz veins. In contrast, molybdenites associated 
with highly evolved greisens are characterized by very low Re 
and 187Os concentrations (< 2 ppm and 5.6 ppb, respectively). 
The Re–Os ages for the studied molybdenites associated with 
Variscan granitoids (Žulová pluton, Moldanubian Pluton, 
Padrť, Krásno, Krupka, Čistá) yield variable dates from ~282 
to 377 Ma while the molybdenite enclosed in the Cadomian 
Dyje Massif yields 584 ± 4 Ma. These ages are similar and/or 
slightly lower to U-Pb and/or Pb-Pb zircon ages of associated 
granites suggesting (semi)contemporaneous magmatism and 
Mo-mineralization.  
 
[1] Drábek et al (1993) Bulletin of the Geological Survey 
Prague 68, 11-17 



 Goldschmidt2014 Abstracts  

 

7 

7 

Trace-element analysis of quartz in 
the Jack Hills metaconglomerate 

M. R. ACKERSON1*, N. D. TAILBY1 AND E. B. WATSON1 
1Dept. of Earth and Environmental Sciences, Rensselaer 

Polytechnic Institute, Troy, NY 12180, USA 
(*correspondence: ackerm3@rpi.edu) 
 
The trace-element chemistry of Hadean zircons from the 

Jack Hills metaconglomerate (Eranondoo Hill, W74 site) has 
broadened our understanding of the early earth. Despite the 
importance of these samples, little work has been done on the 
chemistry and history of W74 quartz, which dominates the 
mineral assemblage[1]. Advances in TitaniQ thermometry[2] and 
quartz trace-element chemistry provide insights into the origin 
and history of quartz in the metaconglomerate. In this study we 
present chemical and petrographic evidence that quartz of the 
Jack Hills metaconglomerate has undergone pervasive 
recrystallization since deposition. We observe no chemical or 
petrographic evidence for primary magmatic quartz. 

Quartz dominates both pebbles and matrix at W74, both of 
which show evidence of dynamic recrystallization and grain 
boundary migration. The unit is also cut by post-depositional 
quartz veins, which are undeformed.  

LA-ICPMS analyses of matrix quartz and >40 individual 
pebbles demonstrate uniformly low Ti content. Ti-in-quartz 
thermometry[2] (assuming aTiO2 = 1 and P~4 kbar) yields an 
average pebble quartz temperature of 346 °C and an average 
matrix quartz temperature of 401 °C. Post-depositional quartz 
veins record a temperature of 344 °C. These temperature 
estimates conform with accessory mineral observations of 
regional greenschist-grade metamorphism. Low abundances of 
other trace elements in the quartz (Al, K, Li, Na, Fe) compared 
to quartz from granitic and high-grade metamorphic systems 
support the notion that the majority of quartz has undergone 
pervasive post-depositional recrystallization at greenschist 
facies conditions. 
 
[1]Menneken et al (2001) MinMag 75, 1455 [2] Thomas et al 
(2010) Contrib Mineral Petrol 160, 743-759 
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Copper [Cu(II)] is a toxic heavy metal regulated by US 

EPA. Urban soils and waters due to anthropogenic activities 
can result in Cu(II) concentrations exceeding the regulatory 
levels. Engineered nanoparticles have been very effective in 
insitu remediation. The metal-phosphate nanoparticles are 
effective in complexing transition metals and their phosphate 
precipitates are stable over a wide pH range. They therefore 
offer great potential for Cu(II) remediation. The main objective 
of this study was to evaluate molecular mechanisms of Cu(II) 
immobilization on novel Fe-PO4 (~10 nm) and Ca-PO4 
nanoparticles (~200 nm) in the presence of citrate and 
desferrioxamine-B (DFO-B) over a period of 14 days. 
Spectroscopic [Cu L-XANES] and imaging [TEM-EDS] 
approaches were used for speciating Cu(II). Copper (II) 
standards for adsorbed Cu [CuNO3] and surface precipitated 
Cu [CuPO4] were used to represent different molecular 
mechanisms of immobilization. Cu L-edge XANES spectra 
showed Cu(II) speciation over time (Fig.1). Ca-PO4 
nanoparticles immobilized Cu(II) as a surface precipitate at 
day 1 and day 14; Similarly, Fe-PO4 nanoparticles adsorbed 
Cu(II) at day 1 and transformed it to a surface precipitate by 
day 14 (Fig.1). The results show metal-phosphate 
nanoparticles remediation efficacy in the presence of ligands 
(organic acids and siderophores) implicated in solubilizing Pb-
PO4 phases such as pyromorphite. 

Fig.1: Stacked Cu(II) L-edge XANES spectra (collected at 
Synchrotron Radiation Center (Stoughton, WI)) for Cu(II) 
standards and 1mM Cu(II) added to Fe- and Ca-PO4 
nanoparticlesin the presence of citrate and DFO-B. 
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Organic acid promoted phosphate dissolution is 

hypothesized to be the primary biogeochemical mechanism 
making mineral-soil phosphate available. This mechanism has 
direct implications for understanding biogeochemical cycling 
of phosphorus (P) and its impact on carbon sequestration, and 
global climate change. However, its current understanding is 
limited by the lack of molecular scale characterization of P 
solid state speciation in pertinent systems. The goal of this 
research was to determine the quantitative speciation of 
phosphate pre- and post-organic acid promoted dissolution in 
model mineral systems as a function of pH. Mineral systems 
include mixtures of sorbed and precipitated phases similar to 
phosphorus (P) sorbents in soils, ferrihydrite (FeOOH), 
boehmite (γ-AlOOH) and hydroxyapatite [Ca5(PO4)3.5H2O]. 
Phosphorus K-XANES spectra of P-associated with Fe, Al, 
and Ca show unique spectral signatures for mineral-associated 
P, allowing for its quantitative speciation in model and natural 
systems. P K-XANES fitting results show that irrespective of 
initial preferential P association with Fe- or Al-based minerals, 
P preferentially dissolves from Al-based minerals and adsorbs 
on Fe-based mineral phases at acid pH (Fig. 1). A reverse trend 
is observed at alkaline pH (Fig.1). 

Fig.1: Molecular P speciation in binary mixtures of 
ferrihydrite-a/ferrihydrite-b of differing crystallinity and 
boehmite as a function of pH as quantified LCF fitting of 
XANES spectra. 
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In marine environments, bromine (Br) predominantly 
exists in two pools: dissolved in seawater as an inorganic 
bromide (Br-), and as a variety of organic Br-containing 
biological compounds. We use a diverse set of X-ray-based 
analytical techniques (WD-XRF, core scanner ED-XRF, 
synchrotron-based µ-XRF and µ-XANES spectroscopy) to 
examine the distribution and speciation of Br within Gulf of 
Alaska marine sediments as a proxy for marine-derived total 
organic matter (m-TOC). Sediment geochemistry analyses 
from four types of marine depocenters (suboxic temperate 
fjord; anoxic fjord; glacier-influenced nearshore shelf; offshore 
continental shelf) show that, while there are significant 
correlations between total Br and chlorine in freeze-dried 
marine sediments (R2 = 0.71), there is also a strong correlation 
between total Br and m-TOC (R2 = 0.56). Rinsing a subset of 
samples to remove inorganic Br hosted in porewater improved 
the correlation between Br and m-TOC drastically (R2 = 0.89). 
Br speciation was also examined in the anoxic fjord sediments 
using µ-XANES spectroscopy, and results show that Br is 
unequivocally hosted in organic phases. These observations all 
support the viability of using Br as a proxy for m-TOC when 
corrected for porewater Br. We use these new results to 
generate a Br-based record of past phytoplankton dynamics for 
the last 7,500 years that exhibits decadal-scale variability, 
consistent with modern models of North Pacific climate 
dynamics. 
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Sorption of natural organic matter (NOM) by iron oxide 

plays a vital role in the stabilization and biogeochemical cycle 
of carbon. Although many efforts have been made, there is still 
a big information gap on the fractionation of NOM during the 
sorption by iron oxide minerals and the impact of NOM 
fractionation on the carbon stabilization. This study was 
designed to investigate the governing factors for the sorptive 
fractionation of NOM with a gradient of hydrophobicity and 
the influences of NOM fractionation on the carbon 
stabilization. We have systematically investigated: 1) sorption 
isotherms for NOMs on iron oxide (Fe2O3) under pH of 5-9; 2) 
chemical fractionation of NOMs upon the sorption by Fe2O3, 
by applying NMR and FTIR; 3) the impact of NOM 
fractionation on the reduction release of Fe2O3-associated 
NOM. So far, we found that the sorption of NOM on Fe2O3 
increased with the aromaticity of NOM, implying the aromatic 
carbon-based electron donor-receptor interactions governed the 
sorptive interactions between NOM and Fe2O3. The 
fractionation of NOM upon sorption by Fe2O3 was regulated by 
the properties of NOM and aqueous chemistry. For NOM with 
higher fraction of aromatic carbon, more aromatic fractions of 
NOM were sorbed by Fe2O3, leaving the residual part more 
aliphatic. This is inconsistent with general idea that there is a 
NOM composition-independent trend for its sorptive 
fractionation. Our results suggest that the fractionation of 
NOM on iron oxide was regulated by the chemical 
heterogeneity of NOM and greatly affected the stability of 
iron-bound carbon. 
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Groundwater uranium (U) contamination occurs at sites 
associated with uranium mining and milling, nuclear fuel and 
energy production, nuclear waste storage and depleted uranium 
munitions manufacture. Oxidized U(VI) is relatively mobile in 
groundwater due to the formation of uranyl carbonate 
complexes that partition weakly to mineral surfaces; however, 
U(VI) in the presence of phosphate is known to form sparingly 
soluble phosphate minerals such as autunite. in situ 
remediation of groundwater U contamination through uranyl 
phosphate precipitation is a promising, passive remedial 
approach in aerobic aquifer systems which requires no redox 
manipulation. We present the results of a proof-of-concept 
study to demonstrate the efficacy of in situ U sequestration 
using Apatite II™ (PIMS NW, Inc.) a fish bone-derived form 
of poorly crystalline and highly porous apatite (Ca10-

xNax(PO4)6-x(CO3)x(OH2)). 
Columns packed with sand-sized particles of Apatite II™ 

were deployed at a facility where U is present in groundwater 
at up to 3 mg/L. One set of media canisters constructed of 
stainless steel mesh was deployed in the screened interval of 
pre-existing monitoring wells to investigate U sequestration 
under passive gradients. Uranium uptake under higher mass 
loading was evaluated using columns constructed of solid PVC 
installed in wellhead sheds. Groundwater was pumped through 
these active columns with frequent sampling of the 
groundwater influent and column effluent.  

Apatite II solids within the columns underwent pre- and 
post-experiment characterization including sequential 
extraction, TEM and SEM imaging, and bulk XRF and XRD. 
Initial results suggest that Apatite II is highly effective at U 
sequestration with greater than 99% removal in the active 
columns. Media dissolution was observed in the active 
experiments, creating conditions favorable for the precipitation 
of insoluble uranyl phosphate mineral phases. Spatially 
resolved imaging and spectroscopy of the active column media 
will be used to evaluate transitions in U retention mechanisms 
with degree of loading.  
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Chemical and isotopic evidences of 
mantle source heterogeneity in the 

Rosário do Sul Kimberlite Province 
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Germany (gervasoni.fe@uni-muenster.de) 
 

The Rosário do Sul Kimberlite Province (RSKP) is 
composed of four clusters of intrusive kimberlitic/lamproitic 
rocks. This study is based on one of the RSKP cluster, called 
“Rosario do Sul-6” (R-6), which is located on the Southeastern 
edge of the Paraná Continental Flood Basalt (CFB), South 
Brazil. This is the only intrusion known with cohesive rock of 
the entire RSKP. R-6 is an olivine kimberlite, whose bulk rock 
geochemistry presents Contamination and Ilmenite Indexes of 
1.5 and 0.5, respectively. R-6 shows high Al2O3 and SiO2 
contents as most micaceous kimberlites, but low K2O and 
relative high TiO2 and MgO as most non-micaceous 
kimberlites. However, inter-trace element ratios (e.g. La/Yb, 
La/Sm, Th/Nb, Ce/Pb), as well as the Sr/Sr and Nd/Nd isotopic 
ratios, around 0.704 and 0.512 respectively, suggest that R-6 
has the affinity with non-micaceous kimberlites [1]. 

Such diversity on the geochemical characteristic for R-6 
kimberlites (similarity with non micaceous and micaceous 
kimberlites well known in the literature) suggest some 
heterogeneity in the source of R-6 kimberlite. R-6 Sr and Nd 
isotopic compositions show similarity with OIB samples, but 
also with normal MORB and the average compositions of 
Paraná basalts. U-Pb analysis in magmatic perovskites from 
the R-6 groundmass provide an age of 128±5 Ma [2], which 
inspires discussions about the RSKP contemporaneity with the 
Paraná Flood Basalts. Such data suggest a very complex and 
heterogeneous mantle process, and the occurrence of 
anomalous geothermal variation underneath South American 
Plate, on the region of Paraná-Etendeka CFB. 

 
[1] Becker & Le Roex (2006) J. of Petrology 47(4), 673-703 
[2] Conceição et al (2011) Min. Magazine 75(3), 691 
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Speleothems are increasingly used as archive material for 
paleoclimate reconstruction on land. Deriving past 
temperatures from speleothems δ18O, however, is limited by 
uncertainty in the isotopic composition of drip water, 
associated with hydrological variability, and by kinetic isotope 
effects that play an important role in the isotopic composition 
of stalagmites. Carbonate clumped isotope thermometry is 
designed to overcome the hydrological uncertainty, but also 
serves as an indicator for non-equilibrium biases. 
Disequilibrium in speleothems is related to the degassing of 
CO2 from drip water films, with fast CaCO3 precipitation that 
does not allow DIC to regain oxygen and clumped isotopes 
equilibrium through isotope exchange with water. In some 
caves the extent of disequilibrium varies spatially and 
temporally, as observed in Bunker Cave (Germany) and Villars 
Cave (France). In such cases the co-variance between δ18O and 
Δ47 may be used to constrain disequilibrium and infer climatic 
conditions. In other caves, as observed in Soreq Cave (Israel), 
the extent of disequilibrium varies with drip rate but is 
spatially constant within fast drip stalagmites. In such cases, 
carbonates precipitated in laboratory experiments that mimic 
thin film conditions can be used as speleothem analogs to 
constrain paleo-temperatures. The talk will discuss the 
mechanisms of kinetic isotope effects and their implications to 
speleothem records; it will illustrate the two approaches for 
accounting for disequilibrium that allow extraction of 
terrestrial climatic information. 
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The terrestrialization of life is one of the most significant 

evolutionary events in Earth history, and correlates in time 
with periods of major palaeo-climatic perturbations and marine 
extinctions. Terrestrial plants not only play an important role in 
the carbon cycle, weathering and nutrient cycles, but also 
influence the cloud albedo. Here we explore the effect of the 
terrestrialization progress on cloud-albedo: Vegetation emits 
biogenic volatile organic compounds (BVOCs), such as 
monoterpenes and isoprene, into the atmosphere. Once 
emitted, BVOCs oxidise to yield a range of lower volatility 
oxidation products that can partition into the aerosol phase, 
forming secondary organic aerosols (SOA). The presence of 
SOAs, influence the Earth’s radiative balance by contributing 
to the absorption and scattering of radiation and by altering the 
cloud fraction and -droplet size.  

Through compilation of literature and satellite date, we 
estimate the radiative forcing and climate sensitivity caused by 
plant induced changes to cloud-albedo. Using a geochemical 
box-model, we find that the stepwise terrestrialization progress 
could have resulted in cooling through the control on cloud-
albedo. Such a cooling would influence the carbon cycle and 
decrease silicate weathering, compensating the direct plant 
induced weathering. Consequently, the result would be a 
tendency toward a long-term increase in pCO2. It is intriguing 
how this scenario fits with evidence of several glacial episodes 
coinciding with both short- and long term increasing carbon 
isotope fractionation throughout the Palaeozoic geological 
record.  
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Black carbon is considered the 2nd most important global 
warming factor behind CO2 (Bond et al, 2013). However, 
large uncertainties remain due to BC morphology and mixing 
state on the extent of the warming that it causes. Core-shell BC 
is expected to enhance absorption by up to a factor of 2, but 
has not been observed to this extent in ambient data (Cappa et 
al, 2012). Therefore, it is important to characterize the 
morphology of BC. A confounding issue is that it is often 
intermixed both internally and externally with both brown 
carbon (BrC) and non-absorbing OC. Direct on-line 
measurements are made with the single particle soot 
photometer (SP2) from fresh, aged, and laboratory BC to 
investigate the presence of coatings and enhancements. 

BC from concentrated biomass burning plumes are 
compared with indoor generation of single-source fuels, e.g. 
ponderosa pine, as sampled during FLAME-IV, including both 
direct and aged emissions. Our goal is to improve model 
treatment of BC aging in GCMs in order to help constrain the 
amount of absorption from BC. Our data shows that while 
there is a dominance of thickly coated particles, aged BB data 
also includes particles with near-surface BC as documented by 
Sedlacek et al, 2012. We attempt to understand when these 
particles are present and how they are formed as a large 
presence of this particle type would not result in an absorption 
enhancement for BC. Data from the single source emissions 
are compared with ambient wildfire data collected in New 
Mexico, including both near-source and aged BC 
measurements of several hours to a day of atmospheric aging.  

We also report data from chamber studies on diesel 
particles that were coated with SOA during the SAAS 
experiments at PNNL. During these experiments it was 
observed that the SP2 is blind to very heavily coated BC. If 
found to be prevalent in the atmosphere, this would indicate a 
low bias for SP2 measurements. This noted caveat warrants 
more research to determine how prevalent this BC particle type 
is and how it would be expected to impact climate. 
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Dissolved Organic Matter-Metal 
Interactions – Lessons Learned from 

the Study of Mercury 
GEORGE AIKEN1 
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Biogeochemical processes that influence the fate, 

bioavailability and transport of metals in aquatic systems are 
often mediated by interactions with dissolved organic matter 
(DOM). Beyond a general recognition of the importance of 
DOM in the environmental fates of metals, defining the roles 
played by DOM has been slow in coming due to the chemical 
complexity of DOM, the low concentrations of metals of 
interest, and the inherent complexity of natural systems. 
Recent advances in experimental design and analytical 
capabilities, however, are leading to greater process level 
understanding of these interactions, especially with regard to 
the biogeochemistry of mercury. DOM exerts controls on 
mercury biogeochemistry in two important ways. First, it acts 
as a strong ligand that, in the absence of sulfide, controls the 
mercury speciation in aquatic systems. The strength of DOM-
mercury binding interactions is dependent on low-abundance 
reduced S groups (i.e., thiols, organic sulfides). Second, in the 
presence of sulphide, DOM interacts strongly with 
nanocolloidal HgS to stabilize HgS clusters and slow particle 
growth kinetics. Results from our studies using organic matter 
isolates suggest that nanocolloidal metacinnabar-like species 
become smaller and less ordered with decreasing Hg:DOM 
ratio, decreasing sulfide concentrations, and increasing DOM 
aromaticity. Subsequent studies have demonstrated the role of 
nanocolloidal phases of HgS in the methylation of Hg by 
sulfate-reducing bacteria, a previously unrecognized source of 
bioavailable Hg. In these studies, nanocolloidal HgS, the form 
of Hg anticipated to be found in the pore waters of sediments 
containing sulfide resulting from microbial sulfate reduction, 
was found to enhance Hg methylation, whereas larger HgS 
particles did not. Generally, methylation was greater in the 
presence of DOM with greater aromaticity. The results suggest 
that small, disordered HgS nanocolloids, stabilized against 
further aggregation by DOM, are bioavailable to Hg-
methylating bacteria. The implications of these results for 
other metals (e.g. Cu, Zn) and inorganic nanomaterials will be 
addressed. 
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The Erzincan-Sivas-Tunceli zone in the eastern part of the 
Anatolide-Touride Block contain multi-phase intrusive stocks 
with many porphyry systems such as Karakartal, and Çöpler 
Au-Cu deposits. The crystallisation of their host rocks was 
dated by 40Ar/39Ar as 49,86±0,4 and 44,81±0,3 Ma, 
respectively. K-silicate alteration at the former deposit was 
dated at 46,58±0,7 Ma. From Karakartal to Fındıklıdere and to 
Çöpler, the system changes from purely magmatic to 
magmatic-hyrothermal as shown by magnetite-pyrite-
molybdenite-chalcopyrite-Au at Karakartal, pyrite-
chalcopyrite-sphalerite-fahlore-galena-Au at Fındıklıdere, and 
magnetite-pyrite-molybdenite-chalcopyrite-Au-orpiment-
realgar-Mn oxides at çöpler. 

Quartz veins in all deposits include single phase, two-
phase and multi-phase inclusions. Composed of 
H2O+CO2±CH4 the two-phase inclusions are enriched in 
CaCl2+FeCl2+NaCl+KCl, have 15-25 wt% NaCl eq. salinity 
and homogenise at 200-350oC. Multi-phase inclusions, based 
on SEM, Raman and LA-ICP MS analyses, were determined to 
contain halite, sylvite, Fe-Mg-Ca chlorides, magnetite, 
hematite, pyrite, chalcopyrite, anhydrite, syngenite, biotite and 
apatite. The homogenisation of gas in these inclusions occur at 
300- >875oC. Salt phases melt at intervals of 125-425oC and 
400-680oC resulting in salinity values of up to 80 wt % NaCl 
eq. Such a complex salt brine with many solid phases indicates 
heterogeneous entrapment in association with different pulses 
of magmatic activities. 

Geothermometric calculations on biotites from the K-
silicate alteration zone give formation temperatures of 675-
750oC, and chlorites 250-310oC, in accordance with multi-
phase and two-phase fluid inclusions, respectively.  

The results show that the porphyry systems were formed 
from salt-oversaturated brines under ultra high to high 
temperature conditions at moderate to low pressures, and were 
subsequently overprinted by repeated hydrothermal activities 
at lower temperatures in the Çöpler deposit, which, in turn, 
caused a significant increase in mineral resources.  

 
Key words: Karakartal, Çöpler, Findiklidere, gold, K-silicate 
alteration, geothermometry, Raman, LA, Ar/Ar. 
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Many believe that enhancing coal bed methane (CBM) 

production by stimulating native microbial populations is a 
promising strategy for reinvigorating coal beds from which 
natural gas has previously been exploited [1]. In this study, we 
enhanced microbial CBM production by adding organic 
compounds that increase coal bioavailability to microbial 
communities. Conversion of coal from the Powder River 
Basin, Montana to methane by native microbial populations 
was monitored in microcosms amended with castile soaps or 
emulsified soybean oil (EOS®), and in unamended coals. 
Castile soap and EOS® stimulated methane production 
resulting in up to 1.5 µmol methane produced per g of coal in 4 
months. Extractable hydrocarbons in the aqueous phase were 
examined to evaluate what organics might be driving methane 
production. Prior to incubation, microcosms amended with 
castile soap and EOS contained abundant long-chain fatty 
acids (tetradecanoic, octadecanoic, oleic acids, and others), 
which are important intermediates in microbial 
methanogenesis. These compounds were largely absent after 
incubation, suggesting that methane production was stimulated 
by microbial utilization of these long-chain fatty acids, which 
may be sourced from the coal or from the amendments. 
Characterization of microbial populations should reveal 
population shifts attributable to the addition of amendments. 
These results provide important information about the 
pathways involved in enhancing microbial CBM production, 
which can be used to develop in situ strategies. 
 
[1] Orem, W. H. 2013. USGS Fact Sheet 2012-3109 
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Coal biodegradation pathways: 
Evidence from δ13C of acetate 
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To understand pathways of coal biodegradation yielding 
methane, we monitored acetate and methane concentrations 
and compound-specific carbon isotope ratios during laboratory 
incubations of coal from the northern Powder River Basin 
(PRB), Montana (USA). Microbial populations degrading the 
coal included native coal microbes with the WBC-2 
methanogenic consortium added [1]. Results from triplicate 
batch incubations are reported as mean ± 1σ. Acetate 
concentrations increased rapidly from days 12-34, then 
remained essentially unchanged through 263 days (4.3 ± 0.5 
µmol acetate/g coal), at concentrations at least 10x higher than 
natural PRB coalbed methane (CBM) waters. Methane 
accumulated exponentially from days 20-34, with a total of 
0.20 ± 0.02 µmol CH4/g coal produced by 263 days. The 
limited conversion of acetate to methane suggests that 
acetoclastic methanogens were in low abundance or inhibited 
in the incubations. Efforts are underway to stimulate and 
monitor acetate conversion to methane.  

On day 12 (0.52 ± 0.05 µmol acetate/g coal), the δ13C of 
acetate was -18.0 ± 2.9‰, which is 13C-enriched relative to 
PRB coal (~-25‰). On day 50 (4.01 ± 0.10 µmol acetate/g 
coal), acetate δ13C was -10.8 ± 1.1‰ and δ13C of headspace 
CH4 was -28.7 ± 4.1‰. The methane δ13C value was more 
positive than natural PRB CBM (-83‰ to -51‰) [2,3]. The 
excess of acetate relative to methane, and also the large 
difference between incubation and PRB methane δ13C values, 
indicate that natural subsurface processes and/or rates were not 
reproduced with fidelity in laboratory incubations. 

Although microbes, environmental conditions, and acetate 
concentrations differ in our experiments from natural PRB 
CBM waters, these results indicate that biodegradation of PRB 
coal can yield acetate. Also, the concurrent 13C enrichment 
within unreacted acetate during the production of methane is 
consistent with acetate being a methanogenic substrate. 
However, other, yet-to-be-identified fractionation mechanisms 
during acetate utilization cannot be ruled out.  
 
[1] Jones et al (2008) Int. J. Coal Geol. 76, 138-150 [2] Flores 
et al (2008) Int. J. Coal Geol. 76, 52-75 [3] Bates et al (2011) 
Chem. Geol. 284, 45-61 



 Goldschmidt2014 Abstracts  

 

21 

21 

Petrology of Tertiarey volcanic rocks 
in Aradeh mountain (South of 

Tehran, Iran) 
S. AKRAMI1*, F. MASOUDI1, M. GHORBANI1  

AND K. ALLAHYARY1 
1Faculty of Earth Science, Shahid Beheshti University, Tehran, 

Iran  
(*correspondence: sakrami49@gmail.com, 
drfmasoodi@gmail.com, m_ghorbani@html.com, 
kh49@gmail.com)  

 
The studied area, named Aradeh mountain, is part of NE 

Robat Karim 1:100000 scale geological map. Volcanism in the 
studied area is related to Urumieh-Dokhtar volcanic zone with 
the age of mainly Eocene. There are volcanic and pyroclastic 
rocks. The volcanic rocks are consist of lava flows. Lavas are 
consist of Olivin-basalt, Basalt, Andesitic basalt, Andesite, 
Pyroxen-andesite and Trachy-basalt and pyroclastics are 
various Tuff and Ignimbrite.  

The chemichal composition of the rocks of the studied area 
is intermediate to basic. The petrographic studies represent that 
porphyritic texture is present in most of rocks, however, other 
texture such as glomeroporphyritic is present. Sieve texture, 
zoning in plagioclase phenochrysts and opacitization of 
hornblend mineral are evidence for disequilibrium between 
crystals and magma or mixing in origin magma in this area.  

According to geochemical diagrams, the studied rocks 
represent calc-alkaline high k series. Trace element variation 
diagrams versus each other and their ratios represent that the 
main process in the evolution of rocks is fractional 
crystallization and so, the Rb/Th versus Rb diagram represents 
fractional crystallization process with assimilation in the 
evolution of the rocks.  

Based on spider diagrams, the studied samples represent 
characteristics of subduction environment.  

Tectonomagmatic diagram represents that the origin of the 
studied rocks is related to subduction process and back arc 
basin and arc is Khastak mountain in Salafghegan area.  

 
Key words: Urumieh-Dokhtar, Back arc basin, Robat Karim, 
Eocene, Volcanic rock 
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A double-moment convective cloud microphysical scheme 
is implemented directly into a subgrid-scale convection 
parameterization scheme using the Weather Research & 
Forecasting (WRF) model coupled to the Community 
Multiscale Air Quality (CMAQ) model to facilitate convective 
cloud-aerosol interactions and study their climate impacts.  

To understand aerosol indirect effects (AIE) on subgrid-
scale convective clouds, two numerical simulations (one with 
background concentrations of aerosols and the second with 
aerosol concentrations predicted by CMAQ) are performed for 
the month of August 2006 covering the northern hemisphere 
using 108 km grids. These results along with the comparisons 
of the simulated cloud micro- and macro-physical and 
radiation parameters as well as other meteorological 
parameters with observations and reanalysis products will be 
presented.  

 
Submitted to the Goldschmidt Conference: Aerosols, Air 

Quality and Climate, June 8-13, 2014, Sacramento, CA 
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Ectomycorrhizal fungi play important roles in accessing N 

and P from organic polymers in forest ecosystems but they are 
also important in accessing mineral nutrients. These symbiotic 
fungi allocate plant-derived carbon to both organic and mineral 
substrates and have been shown to improve retention of base 
cations in soil and acquisition by plants. The relative 
importance of uptake from the mineral and organic pools is 
still uncertain however. Preliminary studies of ours suggest 
that dead fungal mycelium may represent a significant source 
of Ca and Mg that can be accessed by ectomycorrhizal plants. 
Many studies have demonstrated fractionation of C and N 
stable isotopes by ectomycorrhizal and saprotrophic fungi but 
no studies of Mg are currently available. δ26Mg values in 
mineral sources should be higher than in organic matter if 
similar fractionation, involving discrimination against heavier 
isotopes, takes place during biological processes. In-vitro 
studies of Mg isotope fractionation by different fungi are being 
used to examine fractionation patterns associated with different 
organic and mineral substrates. These studies should enable us 
to determine the relative importance of the organic matter 
decomposition and mineral weathering pathways. 
 



 Goldschmidt2014 Abstracts  

 

24 

24 

An intrinsic volatility scale relevant to 
the Earth and Moon  
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The notion of a dry Moon has recently been challenged by 
the discovery of high water contents in lunar apatites and in 
melt inclusions within olivine crystals from the two pyroclastic 
glasses 15426 and 74220. However, these water contents were 
determined on lithologies that are rare on the lunar surface. To 
obtain a more representative constraint on the volatile content 
of the lunar interior, we measured the Zn content, a highly 
volatile element, of mineral and rock fragments in Apollo 
mission lunar soils, which average over the surface of the 
Moon. We show here that the Moon is significantly more 
depleted in Zn than the Earth. Combining Zn with existing K 
and Rb data on similar rocks allows us to anchor a new 
volatility scale based on the bond energy of elements in their 
condensed phases. Extrapolating the volatility curve to H 
shows that the bulk of the lunar interior must be dry (≤1 ppm). 
This contrasts with the water content of the mantle sources of 
pyroclastic glasses, inferred to contain up to ~40 ppm water 
based on H2O/Ce ratios. These observations are best reconciled 
if the pyroclastic glasses derive from localized water-rich 
heterogeneities in a dominantly dry lunar interior. Although 
late addition of 0.015% of a chondritic veneer to the Moon is 
required to explain the abundance of platinum-group elements, 
the volatile content of the added material was clearly 
heterogeneous.  
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Phosphate ore is a rich source of elements, an important 

economic natural resource with a great use in agricultural and 
chemical industry. In addition, radioactive elements and heavy 
metals contents in phosphate rocks varies widely according to 
the geologic structure of the mining area. This work was set 
out to compare microbial communities associated with 
phosphate rocks in different geologic and textural profiles, 
accordingly 3 representative phosphate rock samples has been 
collected from the upper (waste), middle (soft) and lower 
(hard) core of a phosphate-ore mine located in Al Jalamid at 
the north of Saudi Arabia. X-ray diffraction (XRD) and X-ray 
fluorescence (XRF) were applied to determine the chemistry of 
the rocks. The dominated crystal structure for upper layer was 
Calcite-Ca(CO₃) while Dolomite-CaMg(CO₃)₂ and Quartz-
SiO₂ were in middle and lower layers, respectively. At the 
other hand, Phosphate concentration researched elevated level 
at 3.12%, 7.66% and 3.92%, of the which of whole content, for 
the upper, middle and lower layers, respectively. Microbiome 
inhabiting the phosphate-ore samples were determined using 
next generation sequencing (454 pyrosequencing). The most 
dominated species were pseudomonas putida with percetage of 
46% and 50% for both the upper and middle layers, 
respectively, while amycolatopsis palatopharyngis (51%) for 
lower layers. 
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Rapid advances in molecular microbial ecology have 

yielded an unprecedented amount of data about the 
evolutionary relationships and functional traits of the microbial 
communities that regulate global geochemical cycles. 
Biogeochemical models, however, are trailing in the wake of 
the environmental genomics revolution and such models rarely 
incorporate explicit representations of bacteria and archaea, 
nor are they compatible with nucleic acid or protein sequence 
data.  

Here, we present a functional gene-based framework for 
describing microbial communities in biogeochemical models 
[1]. The model can predict both traditionally modeled 
geochemical variables, such as nutrient concentrations, and 
also "-omics data", such as gene abundances that can be 
compared directly with (meta)genomic data. To demonstrate 
the approach in practice, nitrogen cycling in an oxygen 
minimum zone (OMZ) was modeled to examine key questions 
about “cryptic” sulfur cycling and dinitrogen production 
pathways in OMZs. 

By directly linking geochemical dynamics to the genetic 
composition of microbial communities, the method provides 
mechanistic insights into the patterns and biogeochemical 
consequences of marine microbes, including the resolution of 
"cryptic" metabolic pathways, which cannot be resolved with 
geochemical data along. Such an approach is critical for 
understanding the role microbes play in modulating Earth's 
biogeochemistry.  
 
[1] Reed et al (2014) PNAS 111(5) 1879-1884 
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REE are increasingly being used as paleohydrogeological 

and paleoweathering-rate proxies in stalagmites. Nevertheless 
to better understand the information they provide it is essential 
to study their current response to actual climatic and 
environmental conditions. 

For this purpose an in situ Experimental Speleogenesis 
(isES) was held at “Las Karmidas” cave (Puebla, Mexico) 
between January 2007 and May 2011. During this period, we 
monitored several environmental (relative humidity, CO2, air 
temperature) and physicochemical properties (pH, alkalinity 
and drip rate) at several locations within the cave. We farmed 
calcite from two glass-plates placed underneath two very-close 
drip-sites, and collected drip and pooled water throughout the 
cave. Water and calcite samples were analyzed for Mg/Ca, 
Sr/Ca, Si/Ca, Ca and REE. 

Results show that CO2 levels inside de cave reflect local 
rainfall. The major and trace element composition of pooled 
and some drip-water sites clearly show seasonal variability. 
However other sampling-sites within the cave do not show 
such behaviour, instead reflecting different sources of REE 
and, probably non-seasonal prior-calcite-precipitation. 
Moreover, grown calcite does not reflect REE concentrations 
and HREE/LREE from drip-water, but thermodynamic 
equilibrium calculations suggest that REE speciation might 
play a major role in the incorporation of REE into calcite. 
Hence isES observations highlight the importance of 
monitoring cave´s environment and hydrochemistry at 
different places through the cave and the specific drip that 
feeds the stalagmite prior to its interpretation. 
 

 



 Goldschmidt2014 Abstracts  

 

28 

28 

Factors controlling REY patterns in 
Recent Australian estuarine 

sediments  
F. AL-KAABI1*AND M. GASPARON1 

1School of Earth Sciences, The University of Queensland, 
Brisbane, QLD, 4072, Australia  
(*f.alkaabi@uq.edu.au) 

 
Two hundred and sixty-five samples of estuarine Holocene 

sediments were collected from Moreton, Bay, southeast 
Queensland, Australia, to establish their grain size, 
mineralogical and geochemical composition, and to explore the 
factors controlling rare earth elements and yttrium (REY) 
abundances and fractionation patterns. 

The highest REY concentrations were found in fluvial 
sediments and were associated with the highest mud fractions. 
These sediments were also characterized by unfractionated 
patterns with a positive Eu anomaly, with increasingly flat 
patterns for increasing mud fractions. The lowest REY values 
were measured in sand-dominated aeolian deposits.  

Minerals such as plagioclase and kaolinite dominate the 
mud fraction and appear to be responsible for the Eu positive 
anomalies, with a reduction of the Eu anomalies for decreasing 
kaolinite contents. However, mineralogy was not able to 
explain the negative Eu anomalies in samples that contain over 
70% quartz sand. In addition, increasing quartz content 
correlates with a decrease in Ho/Yb values (no significant 
HREE fractionation in samples with high quartz content). In 
contrast, increasing clay content corresponds to a decrease in 
La/Eu (LREE/MREE) fractionation and Y/Ho values. 

The small degree of LREE/HREE and MREE/HREE 
fractionations in fluvial deposits appears to be controlled by 
organic matter. HREE enrichment in some estuarine samples 
appears to be related to high clay fractions, while the same 
enrichment in aeolian deposits may be caused by the presence 
of relatively large amounts of heavy minerals sands. 
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Many different digestion methods have been described in 

the literature for geological and environmental samples. No 
assessment, however, has been made to date on the potential 
impact of such aggressive digestion methods on the 
distribution of REEs and the possible fractionation of their 
patterns. In this study, we dissolved a series of soil samples 
using a) concentrated nitric acidic (HNO3), b) concentrated 
nitric acidic followed by hydrogen peroxide (H2O2), and c) 
ashing (Loss On Ignition – LOI) followed by concentrated 
nitric acidic digestion to dissolve shell fragments. All these 
methods were followed by total digestion using concentrated 
HF, HCl and HNO3. Compared with the other two methods, the 
use of H2O2 resulted in a decrease in the concentration of 
REEs, presumably due to incomplete digestion of organic 
matter. In contrast, digestion by HNO3 or LOI was able to 
completely dissolve the organic matter from these samples and 
yielded good REEs recovery. LOI yielded slightly higher REE 
concentrations compared with HNO3. The REE patterns were 
not influenced by the digestion procedure.  
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The northern part of the Arabian plate (NAP) has been the 
locus of widespread cenozoic volcanism, which has been 
linked recently to two contrasted styles of lithospheric 
deformation: (1) stretching in the North close to the Arabian-
Eurasian collision and (2) rotational tectonics further south [1]. 
Recent whole-rock geochemical data suggest that the lavas 
have been generated by variable degrees of partial melting 
from a heterogeneous mantle source [2]. We here use 
quantitative models of REE fractionation to investigate magma 
genesis at NAP. Several melting modes and various mantle 
sources are considered. The best fit suggests a dynamic 
melting scenario: (a) The southern lavas could be derived from 
a garnet-bearing depleted source enriched with 5% addition of 
metasomatizing fluids. The magma have been likely extracted 
by a batch melting mechanism at low melting rate (~1%). 
Relatively smooth decompression is required to allow 
equilibration between solid and melt, which is consistent with 
rotational tectonics since the Middle Miocene [2]. (b) The 
northern lavas were apparently extracted from a garnet-bearing 
depleted mantle enriched with 2% of an OIB-like component. 
The magma have been generated by fractional melting 
mechanism at relatively high melting rate (~6%). This implies 
a rapid removal of the magma out of the equilibrium, as a 
consequence of significant decompression due to brutal 
'lithosphere stretching' during the Early Miocene. Waning 
tectonics during Middle Miocene thus has been marked by a 
shift to batch melting mechanism and a possible change in 
magma source. We conclude that the revealed inherited mantle 
components probably indicate hallmark of subduction related 
to Gondwanaland convergence; they perhaps present a rare 
clue of Rodinia breakup possibly preserved by Neoproterozoic 
escape tectonics and revealed by NAP’s Cenozoic volcanism.  
 
[1] Al Kwatli et al (2014) Geological Society, London, Special 
Publications, 392, 61–91 [2] Al Kwatli et al (2012) 
Tectonophysics, 580, 192-207 
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The early Life fossil record is based upon a limited number 

of controversial graphitic microfossils. These controversies 
directly result from (i) potential late contamination, (ii) the 
possibility that abiotic structures can mimic microfossils, and, 
most importantly, (iii) the poorly quantified degradation of the 
fossil record. The original (bio)chemical signatures of biogenic 
organic molecules fossilized within sedimentary rocks are 
indeed inevitably altered during fossilization and burial. Yet, 
although well known, the impact of these processes on organic 
biochemical signatures remains quantitatively poorly 
constrained. Experimental investigations thus appear crucially 
needed.  

Here, we report ‘fossilization’ experiments that we 
performed on Gloebacter Violaceus cyanobacteria and abiotic 
organics synthesized from a N2-CO gaseous mixture using 
low-pressure plasma discharge experiments. These biogenic 
and abiotic organics, which exhibit quite similar molecular 
structures, have been experimentally submitted to well-
controlled conditions that mimic those of diagenetic and 
metamorphic settings (250-500°C, 1-250-500 bars) for 
different durations (1 to 100 days). Solid residues of all 
experiment have been characterized using synchrotron-based 
XANES spectroscopy which has provided key information on 
carbon and nitrogen speciation.  

Results indicate that significant aromatization and 
defunctionalization have affected the molecular structure of 
Gloebacter Violaceus cyanobacteria. Surprisingly, although 
the abiotic organics used for the present experiments originally 
exhibit a XANES signature quite similar to the one of 
Gloebacter Violaceus cyanobacteria, the evolution of their 
molecular structure with increasing time and temperature is 
qualitatively and quantitatively very different. The 
implications of such differential evolution will be discussed in 
the context of the search for the earliest traces of life. In any 
case, although experimental simulations may not perfectly 
mimic natural diagenesis, the present study provides key 
insights on the fate of natural organic matter and the evolution 
of its spectroscopic signatures during burial. 
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Biogeochemical processes in sediments and the authigenic 

compositions of sedimentary deposits depend strongly on the 
specific properties of early diagenetic transport – reaction 
regimes. Modern marine muds underlying oxygenated water in 
relatively quiescent, low sedimentation rate regions (< ~4 
cm/yr) are typically extensively bioturbated by communities of 
active macrobenthos. Such deposits display heterogeneous 
compositional patterns and complex redox reaction couplings 
determined by biogenic structure and transport. The marine 
sedimentary S cycle in particular is strongly influenced by 
bioturbation activities and time-dependent redox reaction 
geometry. A primary, long recognized effect of bioturbation on 
sedimentary S is to increase sediment-water exchange of SO4

2- 
and the openness of deposits, and thus maximize inherent 
metabolic isotopic fractionation. The steady and unsteady 
reoxidation of reduced S associated with bioirrigation, particle 
reworking, and Fe, Mn-oxidant injection or transient storage 
further enhances net S isotope fractionation through diffusive 
refluxing. The 2- and 3-D scaling and dynamics of biogenic 
reaction patterns associated with burrowing and bioirrigation 
can be revealed and resolved by a range of imaging optical 
sensors. Numerical models of such patterns demonstrate some 
of the relationships between biogeochemical functioning 
within the seabed, and the spatial and temporal properties of 
biogenic structures. The tendency in the geologic record for 
storage of isotopically light S following the rise of bioturbation 
~550 my ago is a predictable consequence of biogenic 
diffusion – reaction patterns and is relatively insensitive to 
seawater SO4

2- concentrations (> ~0.2 mM). The preserved S/C 
ratio appears to be largely independent of bioturbation. In 
contrast, heavy S isotopic compositions can be readily 
produced in physically reworked, shallow-water deposits, and 
the preserved S/C minimized despite abundant SO4

2- in 
oxygenated overlying water. 
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The use of catalytic converters in automobiles has 

significantly increased the release of platinum group elements 
to the environment and their coupled behavior was assumed to 
estimate the anthropogenic contribution [1]. However, new 
studies reveal a decoupling between Os and Pt because of 
different released mechanism and ability of dispersion (Pt is 
particulate and Os as gaseous OsO4) or/and different 
dissolution and mobility [2,3]. 

Intertidal salt marsh cores were sampled in the Tagus 
Estuary under different vehicular traffic influence. Pt and Os 
concentrations and 187Os/188Os ratios were determined in 
sediments and interstitial waters. Surface sediment indicates 
significant Pt contamination (up to 40 ng·g-1), but lack Os 
enrichment and vehicular traffic source is not detected by the 
187Os/188Os ratios. Porewaters are not substantially enriched in 
Pt and Os, however. Intriguingly, Os concentrations and 
187Os/188Os ratios of porewaters suggest that sediment supplies 
Os to interstitial water.  

 

 
Figure1: Pt (A) and Os (B) concentrations and 187Os/188Os 
ratios (C) in sediment (diamonds) and porewater (circles). 
 

Estimated diffusive fluxes between overlying and 
interstitial waters suggest that the salt marsh behaves as a sink 
for anthropogenic Pt and may be a significant Os source to 
estuarine and oceanic waters. We estimate 22-36 % of oceanic 
Os could come from salt marshes. 
 
[1] Rauch et al (2004), J. Environ. Monit. 6, 335–343 [2] 
Sharma (2011), Handb. Environ. Isot. Geochem. 205–227 
(Springer). [3] Almecija et al (2014) ES&T (In prep). 
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We present results of crystallization experiments 

conducted on primitive (8.6 wt% MgO; melt inclusion, Ori 
massif), intermediate (8.0 wt% MgO; Ori massif) and 
differentiated (6.4 wt% MgO; Tamu massif) basalts recovered 
by IODP Expedition 324 from the Shatsky Rise ocean plateau. 
Experiments were conducted in an IHPV at pressures 100, 200, 
400 and 700 MPa and temperatures between 1225 and 1075°C. 
Two experiemental setups were used to simulate differrent 
H2O activities and redox conditions. In dry and reduced 
(~FMQ-1) set of experiments the small H2O contents (<0.1 
wt% H2O, FTIR) were maintained by using graphite Pt-lined 
capsules. The use of Fe-presaturated AuPd capsules in the 2nd 
set of experiements allowed us to simulate more hydrous (0.4-
1 wt% H2O, FTIR) and oxidized (~FMQ+1) conditions. As a 
result we constructed 6 phase diagrams and obtained detailed 
information on the influence of pressure, temperature and 
water content on mineral stabilities and residual liquid 
evolution. In general, our experiments reproduced the natural 
phase assemblage of the Shatsky Rise basalts (Ol+Plag+Cpx). 
We observed major differences in the crystallization sequences 
and in the phase compositions depending on the starting 
composition, pressure and H2O content. In comparison to dry 
system (<0.15 wt% H2O), under hydrous conditions (0.4-1 
wt% H2O) the liquidus of all basalts was found to be 20-50°C 
lower. The experimental results support the results of our 
thermobarometry [1] and an assumption of low pressure 
magma differentiation beneath Shatsky Rise, leading to the 
formation of evolved basalts at Tamu and Ori Massifs. In 
contrast, partial crystallization of less evolved magmas of Ori 
Massif seems to be proceeded in deeper crustal reservoirs, 
supporting an assumption of a multilevel magma plumbing 
system [1]. We also demonstrate, that in addition to pressure, 
the small amounts of H2O strongly controls the conditions of 
multiple saturation (when basaltic melt saturated with Ol, Plag 
and Cpx). Our experiments show that addition of 0.4 wt% of 
H2O results in the same decrease of the CaO/Al2O3 ratio which 
would be caused by a pressure increase from 100 MPa to ~300 
MPa at dry conditions (200 MPa difference corresponding to 
~6 km of oceanic crust). Thus, the effect of small amounts of 
H2O needs to be accounted in barometric calculations of 
nominally "dry" MORB magmas. 
 
[1] Husen et al (2013). G3, 14, 3908–3928 
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Historical gold mining in the Sierra Nevada of California 
during the mid-to-late 1800s and early-to-mid 1900s led to 
losses to the environment of approximately 6 million kg of 
elemental mercury. The mercury was lost from stamp mills at 
deep mines exploiting low-sulfide gold-quartz vein deposits 
and from sluices and undercurrents at hydraulic mines 
exploiting placer gravel deposits. We compiled available data 
for mercury (Hg) and methylmercury (MeHg) in water, 
streambed sediment, and fish tissue from prior studies (pre-
2011), plus we collected and analyzed samples during 2011–12 
at 28 locations in the Sierra Nevada to assess whether spatial 
data, including information on historical mining, can be used 
to make robust predictions of fish tissue Hg concentration. In 
all, Hg data are available from more than 140 sites, including 
>1600 fish samples (mostly rainbow trout and brown trout), 
>360 water samples, and >70 sediment samples. Spatial data 
on historical mining was taken from various sources including 
the USGS MRDS database, the Significant Deposits database 
[1], ledgers maintained by the California Geological Survey 
documenting annual mine production and size of stamp mills 
starting in 1902, and other published sources regarding the size 
and location of stamp mills during 1863–1901. Estimates of 
Hg lost per ton of ore crushed at stamp mills [2] were 
combined with information on stamp mill history (years of 
operation and number of stamps) to quantify Hg losses at 
stamp mill locations. Modeling is being done using 
multivariate linear regression. Preliminary results indicate that 
fish tissue Hg, normalized for fish length and accounting for 
species, can be predicted using spatial data for mining history 
together with other landscape characteristics including land use 
/ land cover. 

 
[1] Long et al (1998) USGS OFR 98-026A [2] Churchill (2000) 
USEPA EPA/625/R-04/102 
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The unregulated use of mercury (Hg) for amalgamation of 

gold in both hard-rock and hydraulic mining over several 
decades (mid-1800s through mid-1900s) caused extensive Hg 
contamination in rivers draining the western slope of the north-
central Sierra Nevada, California. Hg-contaminated sediment 
continues to be transported downstream to San Francisco Bay 
and the Sacramento-San Joaquin Delta, where methylmercury 
(MeHg) bioaccumulation has led to wildlife health effects [1]. 
Human-health advisories regarding consumption of sport fish 
have been issued both in the Bay-Delta and in Sierra Nevada 
rivers and reservoirs [2]. As part of a study focused on 
predicting water-quality impairment related to MeHg 
bioaccumulation in fish tissue, samples of water and sediment 
were collected at 28 river sites in the Sierra Nevada during 
low-flow conditions in late summer / autumn 2011 and 2012. 
Selected sites represent a wide range of historical gold-mining 
intensity. Total Hg (THg) and MeHg were determined in water 
(filtered and particulate) and in sediment (< 2 mm and < 0.063 
mm fractions), along with ancillary constituents including trace 
metals and organic content. Concentrations of THg and 
organic matter in the < 0.063 mm sediment fraction were 
greater than those in the < 2 mm fraction by about 10 fold. 
THg in both sediment fractions showed significant correlation 
(p < 0.05) with density (mines /km2) of historical gold mines in 
the upstream watershed area. 

 
[1] Ackerman et al (2008) Ecotoxicology 17: 103–116 [2] 
Calif. OEHHA (2014) http://oehha.ca.gov/fish/hg/ 
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Arsenic (As) is a toxic and ubiquitous element found in the 

atmosphere, soils, rocks, natural waters and organisms, which 
can be responsible for severe health problems. The As 
behaviour in soil is controlled by both pH and redox potential 
of the medium, as well as the metals and the organic matter 
concentration. However, which kind of interaction binds both 
As (oxy)anions species and organic matter needs to be further 
defined. Recently, Nanoscale Secondary Ions Mass 
Spectrometry (NanoSIMS) analysis allows to map several 
elements and organomineral assemblages and their isotopic 
composition as well, whereas preserving the intact spatial 
structures. Here, with a PTFE plate scavenger, we developed a 
method to collect freshly precipitated ferric oxides (FeO), 
while preserving their interactions in a natural wetland 
environment without any soil matrix disturbance. Average 
concentration factors for the metallic elements are 
approximately 99. Our method allows the nanoSIMS imaging 
on natural colloids-sourced mixed precipitates of 75As, 56Fe16O, 
and organic matter (12C14N). The colocalizations of the 
elements show higher correlations between 56Fe16O, 75As and 
sulphur (32S). A multidimensional correlation by principal 
component analysis (PCA) supports these evidenced 
colocalizations. Whereas 32S, 56Fe16O are the first components 
that drive 75As distribution, 12C14N can also be colocalized with 
32S and 56Fe16O (between 12 to 74%). The colocalization 
between 32S and 75As could be further investigated to elucidate 
whether 75As could be associated directly or indirectly with 32S. 
In that way, 75As might be sequestered through the formation 
of bonds between 75As and organic sulphur group or cationic 
iron bridge. 
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The engineered nanoparticles (NPs) promise immense 

improvements in manufacturing, electronics, health and 
environmental technologies. Their size, shape, chemical 
composition, density, level of aggregation, presence of an 
organic coating as well as their surface chemistry control their 
reactivity. Recently, the NPs have been suggested as an 
efficient, cost-effective and environmental friendly alternative 
to existing treatment materials for the environmental 
remediations. Development of iron oxide NPs as nanosorbent 
for heavy metals and organic pollutants is particularly 
promising in this respect. However, few studies examined the 
interactions of iron nanoparticles with metallic trace elements 
and organic matter in wetland soil.  

Here we present a leaching wetland soil experiment where 
the impact of the presence of magnetite (Fe3O4) NPs on the 
distribution of the organic matter and metallic elements is 
investigated. NPsFe3O4 with average size of ~15 nm and a 
minimum magnetization above 45 emu/g are used. Dissolved 
metallic trace elements and dissolved organic carbon (DOC) 
were followed by ICP-MS and total organic carbon analyzer 
for 28 hrs. The surface waters were fractionated at 0.22 µm, 30 
kDa, 5 kDa and 2 kDa by ultrafiltration. The aromaticity of the 
organic matter was followed by SUVA measurements. Finally, 
the migration of the NPsFe3O4 in a column soil were analyzed 
by magnetic susceptibility (SM). Our results show that the 
DOC concentration increase after 10 pore volumes for all 
fractions and the SUVA measurements present a low 
aromaticity. The SM recordings present a scavenging of 
NPsFe3O4 in the first 10 cm of the column. Thus, the results 
evidence a mobilization of small organic molecules and a 
scavenging of NPsFe3O4. 
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Ilgın (Konya) region is one of the significant lignite areas 

in Turkey, located in Southern of the Central Anatolia. Organic 
geochemical characteristics of the Pliocene coaly units are 
investigated in this study. The Dursunlu Formation is 
composed of sandstone, siltstone, marl, mudstone and lignite 
layers where coals are found, and has a varying thickness 
between 100 – 300 m. TOC values of the coaly levels are 
between 10.43 and 53.36 % according to the Rock –Eval 
pyrolysis results, obtained with a IFP 160000 setting on the 
RE-VI instrument. The majority of the organic matter are 
found to be residue carbon, where pyrolized carbon makes a 
very minor part. Mineral carbon ratios vary between 1.37 and 
5.57 % in the samples. Hydrogen Index changes between 44 
and 110 mgHC/gTOC and Oxygen Index between 33 and 79 
mg CO2/gTOC at this level. These results indicate immature 
organic matter with low hydrogen content. Coaly units have 
high sulphur ratios varying between 2.36 and 4.59 %. 
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We evaluate the externally-mixed, fixed size distribution 
aerosol optical property parameterizations used in the NASA 
GMI model [1, 2] and the GEOS-Chem model [3] with in situ 
data on aerosol scattering and absorption (at 3 wavelengths) 
gathered during the ARCTAS campaign [4]. We also compare 
the ARCTAS data with the size-resolved sectional Aerosol 
Simulation Program (ASP, [5]), and use the ASP results to 
evaluate the assumptions about the size distribution, 
hygroscopic growth, and the refractive indices of organic 
aerosols (OA) in the global parameterizations, as well as 
several possible mixing rules for black carbon. The models 
were intialized with in situ observations of aerosol mass and 
composition (and size distribution for ASP). 

Our preliminary analysis suggests that the GMI and 
GEOS-Chem aerosol parameterizations show reasonable 
correlations with the observed scattering and absorption 
coefficients at all three wavelengths (r2=0.5-0.75). Both 
models have slight positive mean biases in scattering and 
absorption coefficients (~0-40%), with about 70% of the 
model-observations differences within a factor of 2 of this 
mean bias. The GMI and GEOS-Chem model predictions of 
single scattering albedo (SSA) and asymmetry parameter (g) 
show little mean bias, however there is little correlation 
between the modeled and observed SSA and g.  
 
[1] Duncan et al (2007) ACP 7, 3713-3736 [2] Martin et al 
(2003) JGR 108, 4097 [3] Heald et al (2013), ACPD 13, 
32925-32961 [4] Jacob et al (2010), ACP 10, 5191-5212 [5] 
Alvarado & Prinn (2009), JGR 114, D09306 
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The Atacama region in northern Chile hosts the driest 
desert on Earth and is the world’s premier iodine production 
province, only seconded by the Chiba brine fields in Japan. 
The origin of iodine enrichment in Atacama is controversial 
and fundamentally different processes have been invoked over 
the years, that involve marine, aeolian and more recently deep 
sedimentary and groundwater sources. 

We present the first comprehensive survey of iodine 
concentrations and isotopic ratios (129I/I) of different 
geochemical reservoirs in Atacama, including nitrate deposits, 
supergene copper ores, marine sedimentary rocks, geothermal 
fluids, groundwater and meteoric water. Nitrate deposits were 
found to have iodine concentrations significantly higher than 
mean values in the earth crust (~700 ppm). These high values 
are followed by soil samples above supergene copper deposits 
and Mesozoic sedimentary rocks. In case of fluids, the highest 
concentrations were measured in groundwater below nitrates in 
the Central Depression (3.5-10 ppm) and in geothermal fluids 
in the volcanic arc (1-3 ppm). 

In most solid reservoirs, 129I/I values are below the pre-
anthropogenic input ratio of 1500 x 10-15, demonstrating that 
anthropogenic additions are absent in them. Regarding fluids, 
seawater presents the highest 129I/I ratios (~11000 x 10-15), 
followed bygroundwater below nitrates is ~10000 x 10-15, 
while 129I/I ratios in fluids from Western Cordillera are 
between 2000 and 5000 x 10-15. The large variation observed in 
129I/I ratios is explained by a mixing of fluids from different 
sources. Our results indicate an extensive fluid circulation in 
the Chilean margin for at least 25 m.a., where deep water and 
shallower groundwater flow play an essential role in the iodine 
transport and accumulation. We suggest that the regional-scale 
iodine enrichment in Atacama is the result of a unique 
combination of geological, hydrological and tectonic 
conditions, and is strongly tied to large-scale groundwater flow 
over millions-of-years scales.  
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The Nd isotopic composition of seawater has been 
recognized as a “quasi-conservative” tracer for water mass 
circulation, and has been widely applied in studies of present 
and past oceanic circulation. However, few data are available 
for some areas, such as oceanic regions south of 30°S in the 
Pacific Ocean where the change of water mass originated in 
the Southern Ocean could be monitored. 

Here, we report two vertical profiles of isotopic 
composition of Nd in seawater samples collected at 20°S 
(station SX-20) and 30°S (station SX-22) along a longitude of 
170°W in the Southwest Pacific Ocean. The minima εNd values 
of -8.0 and -6.9 at depths around 800 to 1000 m correspond to 
Antarctic Intermediate Water (AAIW). The clear difference in 
εNd value between upper deep water (2000–3000 m; -6.5 to -
4.6) and lower deep water (> 4000 m; -9.2 to -8.6) seems to be 
associated with Upper and Lower Circumpolar Deep Waters 
(UCDW and LCDW respectively). Recently, Molina-Kescher 
et al. (2014) reported the similar feature for a depth profile of 
station at 45.7°S, 151.7°W.  

Our study demonstrates the uniqueness of Nd isotopic 
composition distributions in the Southwest Pacific Ocean, 
which would facilitate to trace water masses in this region. 

 
[1] Molina-Kescher et al (2014) GCA 127, 171-189 
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Modern U-Pb geochronology of terrestrial rocks is based 
on dating single mineral species and, to a large extent, single 
grains of minerals that concentrate U and exclude Pb, and are 
resistant to migration of radiogenic Pb. In contrast, meteorites 
are usually dated by analyses of whole rock samples or 
complex multi-mineral aggregates such as chondrules and 
CAIs. Interpretation of these dates as rock crystallisation, or 
cessation of diffusion, or a secondary event depends on 
knowing host minerals of U and radiogenic Pb.  

At the concentartion level of 10-100 ppm typical for 
chondrules, CAIs and most achondrites, U (and Th) 
concentrations can be mapped using a large ion microprobe 
with a detection limit of ~0.5 ppb [1]. Mapping chondrules 
from carbonaceous and ordinary chondrites shows that the 
principal hosts of U and Th are mesostasis and Ca-rich 
pyroxene. The most abundant minerals, olivine and Ca-poor 
pyroxene, usually have U concentartion below 0.5-1 ppb. 
Distribution of U between minerals in CAIs is more uniform. 

Application of these data to interpretation of Pb-isotopic 
dates is complicated by using multi-step partial dissolution, 
which is necessary for removal of non-radiogenic Pb. 
Matching chemical compositon of step leachates to sequential 
dissolution of minerals may be possible [2] but is not 
straightforward due to likely incongruent dissolution of the 
minerals. For the partial leachates that contain sufficiently 
radiogenic Pb, comparison of directly measured and model 
Th/U ratios helps to recognise multiple host minerals of U, and 
can indicate whether the minerals dissolved congruently. 
Variations in concordance of the U-Pb isotopic systems can 
further help to recognise U-Pb fractionation that occurred 
during partial dissolution and/or in nature. 

No single approach yields comprehensive data on U 
distribution in meteorites. In-situ mapping of U distribution by 
spot analyses is likely to miss important U carrier minerals that 
occur as rare small grains (e.g. apatite, perovskite), and 
interstitial material is difficult to analyse accurately, therefore 
comparison to whole rock and bulk mineral U concentrations 
and to U distribution between the leaching steps is necessary. 
An additional, yet unexplored, approach is imaging and 
aanalysis of polished meteorite surfaces leached in a procedure 
simulating step dissolution.  
 
[1] Amelin Y. et al (2003) 34th LPSC, 1200 [2] Connelly J. N. 
and Bizzarro M. (2009) Chemi. Geol. 259 143–151  
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Hydrothermal vent sites on the ocean floor are 
extraordinary environments with exceptional physico-chemical 
characteristics. Inspite of extreme living conditions, these sites 
offer habitats to a number of species, including the widespread 
mytilid Bathymodiolus sp.. Since vent-specific metals inherent 
to the emanating fluids are incorporated in their shells, they 
have been proposed as bioarchives of hydrothermal activity. 
Previous studies demonstrated that fluid-specific chemical 
signals such as Eu anomaly are preserved in Bathymodiolus 
shells [1, 2]. However, the bioaccumulation of some metals has 
been shown to be regulated by the organism, while others seem 
to be processed passively.  

In this study, we apply in-situ LA-ICP-MS analyses to 
trace metal accumulation in Bathymodiolus shells from the 
Logatchev hydrothermal vent along the Mid-Atlantic Ridge 
[3]. Significant REE and heavy metal accumulation can be 
localized in a narrow layer of ~20um terminating the nacrous 
layer. A two to three times enrichment of Ba, La, Eu, Cu, Zn 
and Pb can be detected in this layer compared to the bulk of 
the nacreous layer. This implies that hydrothermal 
characteristics are recorded in the innermost nacreous layer. In 
general, determining time-constraints in the nacreous layer of 
bivalve shells is challenging. However, since this layer may be 
less altered than the outer prismatic layer, the detection of 
hydrothermal signals here documents the potential for the 
establishment of Bathymodiolus shells as bioarchives. Linking 
trace element results to sclerochronological data offers the 
possibility to utilize Bathymodiolus shells as biomonitors for 
the evolution of hydrothermal activity. 

 
[1] Cosson et al (2008), Mar Env Res 65, 405-415 [2] Bau et al 
(2010), Earth Planet Sci Lett 299, 310-316 [3] Dubilier et al 
(2010), MSM10/3 cruise report, pp. 46 
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Fe-arsenates occur abundantly in weathered sulphides from 

mine waste. The geochemistry and microbial impact of the 
arsenates in waste dumps from Kutná Hora (Czech Republic), 
Rotgülden-Salzburger Land (Austria) and Chyžné (Slovakia) 
was studied.  

 The fine-grained, nanocrystalline or amorphous arsenates 
occur in nodular or crustal precipitations, and appear 
microscopically as prismatic, acicular or botryoidal crystals 
trapped in the fine-grained, clay-rich matrices. Earlier 
mineralogical and thermodynamic studies have been conducted 
by [1, 2 and 3]. By X-ray diffraction, scorodite 
(FeAsO4·2H2O), bukovskýite [Fe2(AsO4)(SO4)(OH)·9H2O], 
kaňkite (FeAsO4·3.5H2O) and zýkaite 
[Fe4(AsO4)3(SO4)(OH)·15H2O] have been identified. The 
electron microprobe (EDX/WDX) analyses conducted on 
polished thin-sections show sulphoarsenates in close 
association with arsenic-rich gels, indicating, that different 
ferric arsenates progressively precipitate from gels produced 
from weathering eluate attack on clays. 

 The microbial diversity was assessed by cultivation to 
study the microbial community functions, ecological relevance 
and obtain strains for physiological characterization. The 
microbial prevalence was low in all samples (cfu < 2*105). The 
bacterial community was dominated by 90 % Gram-positive; 
80 % aerobic or facultative anaerobic strains. About 80 % of 
the strains were able to excrete siderophores and tolerate 5 to 
1000 mM arsenate. Only 30 nitrate reducers have been 
identified. The 16S PCR DNA sequences were dominated by 
actinobacterial (Bacillus sp. and Afipia sp.) and proteobacterial 
(Advenella sp.) strains. Eight spore-forming ascomycetes 
dominate the fungal community. 
 
[1] Majzlan et al (2012) JMPS 107, 133-148 [2] Majzlan et al 
(2012) Hydrometallurgy 117-118, 47-56 [3] Ettler et al (2010) 
AMP-FGS 2061-9766, 7, 1-23 
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Highly corrosive anhydrous hydrofluoric acid (AHF) was 

accidentally released from a chemical plant positioned in the 
Gumi city, Korea on Sep. 27, 2012 [1]. Most of local citizens 
have been concenred about the long-term toxic effects by the 
fluorine (F) accumulation. In an effort to provide the useful 
information for assessing reliable risk of a rice (i.e., a crop 
mainly cultivated in the sampling area) to residents, total F 
contents in rice samples collected from the area directly 
affected by the AHF release accident and the control area were 
determined using the alkali fusion method [2]. Furthermore, X-
ray photoelectron spectroscopy (XPS) and gas chromatography 
coupled with mass spectrometry (GC/MS) were concurrently 
used to investigate the F species in the rice sample. 

It is noteworthy that the F concentration level of the rice 
sample grown in the control area was smaller by one order of 
magnitude than that of the rice sample collected from the 
affected area. In the meantime, a majority of F species existed 
in the rice sample was expected to have the C-F bond 
according to the binding energy shift from the XPS analysis. 
To support this fact, the GC/MS analysis following the 
methanol extraction with the ultrasonication was performed 
and 1-fluorododecane (CH3(CH2)11F) was found. It has been 
recognized to have relative high toxicity to yeast compared to 
other F compounds previously reported [3]. Consequently, the 
urgent requirmenet of the extensive survey of the studied area 
should be emphasized. 

 
This study was supported by the Geo-Advanced Innovative 

Action (GAIA) project of the Korea Environmental Industry & 
Technology Institute (KEITI) and a grant from the Korea Basic 
Science Institute (project No. K34801). 
 
[1] Lim, Lee (2012) J. Korean Med. Sci. 27, 1283-1284 [2] 
McQuaker, Gurney (1977) Anal. Chem. 49, 53-56 [3] Zuas 
(2008) J. ILMU DASAR 9, 135-141 
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Mercury (Hg) is a pervasive global contaminant whose 

environmental exposure has led to significant human health 
concerns. The greatest risks involved in Hg contamination are 
the formation and bioaccumulation of the methylmercury 
(MeHg) species, which is a potent neurotoxin. Methylmercury 
is typically produced from Hg(II) by sulfate and iron reducing 
bacteria in anoxic sediments. However, studies comparing the 
net methylation rate in contaminated sediments indicate that 
not all Hg(II) may be available for microbial methylation. Due 
to its strong ability to sorb and complex with particulate and 
colloidal matrices, Hg(II) can exists in three physical 
fractions—dissolved (~< 1nm), colloidal (~1-450 nm), and 
particulate (> 0.45 µm) Hg. Particulate Hg is not expected to 
be bioavailable whereas dissolved neutral Hg species are 
readily taken up for methylation. However, the role of the 
colloidal bound Hg is currently unknown. This lack of 
information on the true bioavailable Hg fraction can lead to 
erroneous estimation of methylation potential when based 
solely on total Hg present in sediments. 

Recently, diffusive gradient in thin film (DGT) samplers 
have been deployed to measure labile Hg species in aqueous 
systems, including, sediment pore-waters. However, there has 
not been a systematic evaluation on the ability of DGTs to 
measure bioavailable Hg. Specifically, in this study we will 
evaluate the forms and sizes of Hg that is taken up by the 
DGT. The study will involve producing different size 
fractioned NOM-Hg species (from dissolved to high molecular 
weight colloids), obtained through separation techniques (e.g., 
ultra-filtration), and subsequently evaluate their uptake 
characteristics by DGTs. The ultimate goal of these studies 
will be to better interpret the biological relevance of Hg forms 
taken up by DGTs for microbial methylation. 
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Serpentinization is a hydration and redox reaction that 
transforms ultramafic minerals (olivine, pyroxenes) into 
hydrous phyllosilicates (serpentine +/- brucite), iron oxides and 
hydrogen. The abiotic production of H2 is attributed to the 
reduction of H2O during oxidation of the ferrous component of 
primary minerals. Serpentinization occurs in many geological 
settings where aqueous fluids react with ultramafic rocks. On 
Earth serpentinites have been identified within Archean 
magmatic terrains, at mid-ocean ridges, and in subduction 
zone. They have also been observed in meteorites, on Mars 
surface, and it is suspected on other extraterrestrial bodies, i.e. 
in the core of icy satellites. Hence, serpentinization and 
associated redox processes can considerably influence the 
redox state of many geological systems and the fate of key 
chemical elements such as iron, sulfur or carbon, involved in 
biogeological processes, both in present days and at life 
origins. 

To investigate the evolution of serpentinites redox 
conditions during their formation at mid-ocean ridges and 
along their way down to dehydration in subduction zones, we 
followed the evolution of iron redox state. Measurements of 
magnetite content have been coupled to punctual µ-XANES 
analyses at the iron K-edge (ESRF and SOLEIL synchrotrons 
France) of serpentine minerals from oceanic and subduction 
settings. The results show that Fe3+ in serpentinites increases 
during oceanic serpentinization due to the increasing content of 
magnetite and Fe3+/FeTot in serpentine. The latter is highly 
variable (~0.2 to 1) even at the mm-scale, testifying of strong 
heterogeneities in fluid circulation and redox conditions. Fe3+ 

in serpentine represents ~20% of the total Fe of fully 
serpentinized rock. Hence, serpentine minerals are important 
Fe3+-carrier in subduction zones and may affect mantle redox 
state. In the first 70 km of subduction, the serpentine phase 
transition lizardite-to-antigorite is accompanied by a global 
reduction of Fe that allow the oxidation of reduced oceanic 
phases such as sulfurs, and the formation of oxidized fluid. 
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Northwest Africa 7325/8014 is a highly-shocked, Mg-rich 

cumulate olivine gabbro, composed of calcic plagioclase, 
diopside, forsterite, and minor Cr-troilite and kamacite [1]. 
Distinctive O and Cr isotopic compositions [1,2], extreme 
depletion in highly-siderophile elements, magnetic paleo-
intensities [3], and chemical similarities to surface rocks on 
Mercury suggest that this achondrite may be Hermean in origin 
[1]. Both the Pb-Pb [4] and Al-Mg [5] isotope systems yield an 
ancient formation age of 4562.8 Ma. The whole rock Sm-Nd 
and Lu-Hf systems have been disturbed by terrestrial 
weathering, yielding young model ages. 

A total of fifty-six 20-25 µm spots in six olivines were 
analysed for their Mg isotope compositions relative to San 
Carlos olivine. The Mg isotopic composition of the unfrac-
tured cores of the olivines in NWA 7325 are heavy, with an 
average δ25Mg value of 0.39±0.17‰ (2σ) relative to the San 
Carlos olivine. Olivine has δ26Mg* values of 0.01±0.10‰ (2σ) 
and 27Al/24Mg ratios of (3.8±1.1)x10-4. These data neither 
confirm nor refute the excess δ26Mg0* seen in [5]. 

NWA 7325 is depleted in lithophile trace elements, with a 
gently sloping subchondritic whole rock REE pattern 
(NdCN=0.35, SmCN=0.27, LuCN=0.13 ID). All silicate phases are 
LREE depleted. Diopside has LaCN=0.02, NdCN=0.08, and 
SmCN=0.18 (LA). Plagioclase and diopside show large positive 
Eu anomalies, with Eu/Eu* values of ~33 and ~10, 
respectively. All silicate phases are highly depleted in 
Sm/Nd,with 147Sm/144Nd ~0.4. If this reflects the melt that 
NWA 7325 crystallized from, it indicates extreme depletion 
and fractionation of LREE. The age of NWA 7325 seems to 
preclude the existence of a trace element-rich crust on the 
parent body. Rather, its reduced nature suggests efficient core 
formation, which sequestered trivalent REE. Similar processes 
in the reduced early Earth may have sequestered a fraction of 
terrestrial LREE in such a hidden reservoir.  
 
[1] Irving A. et al (2013) LPSC XLIV 2164 [2] Sanborn M. et 
al (2013) MetSoc 76 5220 [3] Weiss B. P. et al (2013) Fall 
AGU P51H-04 [4] Amelin Y. et al (2013) MetSoc 76 5165 [5] 
Dunlap D. R. et al (2014) LPSC XLV 2186 
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A systematic study of oceanic hydrothermal sulfide ore 

allowed the authors to collect a vast original and published 
actual material on the material composition of over 125 ore 
objects (nearly exhaustive in 2012) in different areas of the 
ocean. The statistical processing allowed geochemical 
typification of these ore formations using a unified approach to 
the analysis of geochemical characteristics of the ores inside 
the major oceanic structures and in the local areas. 

The geochemical typification of ore uses center contents of 
the main useful components throughout the ocean – Cu=2,6 %, 
Zn=7,8 %, and the ratios between particular values and 
calculated averages. Prior to this, the ores of the sulfur-pyrite 
type with low contents of Cu≤1,0 % and Zn≤2,0 % are 
extracted from the data array. While separating the ores into 
different types using certain coefficients, we put into a formula 
to the first place the element with the higher value, and the 
element with the lower value to the second place, or we 
indicate that the second element belongs to the group of poor 
pyrite ores. This approach allows to embrace all possible 
variations of concentrations of Cu and Zn in the sulfide ores. 
These variations are five: Cu - pyrite (Cu>1,0 %; Zn≤ 2,0 %), 
Zn – pyrite (Zn>2,0%; Cu≤1,0 %), Cu–Zn and Zn–Cu (Cu>1,0 
%; Zn>2,0 %); sulfur-pyrite (Cu≤1,0 %, Zn≤2,0 %). The latter 
does not seem very important The atakamite ores CuCl(OH)3, 
associated with the sulfides, characterized by the obvious 
dominance of Cu over Fe, do not fit into the classification 
scheme. 

Conclusion 
Geochemical typification of the ores allows comparing 

various ore formations and defining the predominant 
geochemical specialization: Cu – pyrite in the Atlantic Ocean; 
increase of the Zn part in the Indian Ocean, Zn–Cu in the 
Pacific, Cu–Zn and Zn–Cu in the West Pacific transition zone. 
In the PACMANUS region (Sea of New Guinea) two types of 
sulfide ore are present: Zn–Cu with increased Ag and Cu–Zn 
with increased Au and Ag, or only Au. Inside the Russian 
Application Area on the MAR predominant is Cu-pyrite and S-
Pyrite types of ore with increased content of Au. 
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Introduction 

Mantle melting processes at subduction zones are 
controlled by the presence of water and affected by inputs from 
the subducting slab. While much progress has been made in 
understanding the beginning of mantle melting at the slab–
mantle wedge interface, relatively little work has been 
undertaken to investigate the melts that form in the middle and 
upper sections of the mantle wedge. In this study, we perform 
forward experiments on two mantle compositions to 
investigate the roles of pressure, temperature, water, and bulk 
composition on the composition of mantle melts.  
Methods 

Piston cylinder experiments investigate 1) a primitive 
upper mantle composition at 1.0, 1.2, 1.6, and 2.0 GPa under 
water-undersaturated conditions (0-6 wt% H2O) at 1135-1470 
˚C and 2) a depleted upper mantle composition at 1.2 GPa with 
small amounts of water (1-3 wt% H2O) at 1225-1275 ˚C. Both 
mantle compositions have been modified to include a <0.5% 
slab component in the form of additional Na2O and K2O. 
Results 

Melt compositions from both primitive and depleted 
experiments confirm trends reported by Gaetani and Grove [1], 
which indicate that increasing H2O at constant melt fraction F 
and pressure results in increases of SiO2 and Al2O3 and 
decreases of MgO and FeO. CaO and Na2O remain constant. 
The results from this study also reveal the role of pressure with 
constant, small amounts of water at constant F. For primitive 
experiments conducted at constant F and H2O, decreasing 
pressure causes a slight increase in SiO2 and a decrease in FeO, 
with MgO, Al2O3, CaO, and Na2O remaining constant. 

In the primitive experiments, all major elements except for 
CaO reproduce the composition of natural primitive, high-Mg 
andesites (PHMA), rocks that are thought to be direct mantle 
melts. Curiously, the CaO contents of PHMA from various 
subduction zones are resolvably different and range from 6 
wt% to 10 wt% CaO. That this range in CaO is not achieved in 
our experiments while the range of Al2O3 is reproduced 
suggests that the range of CaO in the natural samples is caused 
by heterogeneities in the Ca/Al ratio of the upper mantle. 
 
[1] Gaetani and Grove (1998), CMP 131, 323-346 
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Siderophores are small organic molecules with a strong 
affinity for Fe(III) and other metals, including Mn(III), that are 
produced by microbes as a way to acquire these nutrionally 
necessary metals. Over 500 known siderophore structures 
exist, making investigation of their production and function in 
the environment challenging, as well as indicating the potential 
for a wide range of molecules to be produced by organisms in 
response to different environmental circumstances. In this 
study, we investigated the production of siderophores by 
Mn(II)-oxidizing fungi isolated from coal mine drainage 
remediation systems (Santelli et al. 2010). To further our 
understanding of the role siderophores may play in the 
acquisition and cycling of metals, we assessed whether these 
fungi produce different quantities or structures of siderophores 
in the presence and absence of manganese. 

The fungal isolates were first screened for their ability to 
produce siderophores using a modified version of the CAS 
(Chrome Azurol S) Assay on agar plates. All fungi thus tested 
produced siderophores. However, the intensity and pattern of 
siderophore production during fungal growth varied for 
different isolates and did not directly correspond to growth 
rate. Additionally, a subset were tested for siderophore 
production while simultaneously oxidizing manganese on the 
CAS plates with positive results.  

To identifiy the siderophores produced and further explore 
the potential effects of Mn on exudation, the fungal isolates 
were grown in defined liquid media with and without Mn. 
Qualitative and quantitative assessment of the siderophores 
extracted indicate that there was generally higher production of 
siderophores, as well as the enhanced production of specific 
siderophores, in the presence of Mn. The results suggest that 
siderophores may play as yet uncharacterized roles in the 
biogeochemical cycling of Mn. 

 
[1] Santelli et al (2010), Appl Environ Microbiol. 76 (14): 
4871–4875 
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Over the last years more and more attention has been 

drawn to the high levels of Cr that are detected in soils and 
groundwaters throughout Greece. A growing number of studies 
report Cr(VI) in groundwater that often exceeds the limits 
established by WHO and EU legislation. Most studies focus on 
areas that host industrial activities associated with discharges 
of Cr (VI). Thus, until recently, high levels of Cr (VI) were 
always attributed to anthropogenic pollution. However, as 
other areas in the Balkan Peninsula, Greece is covered to a 
great extent by peridotites and serpentinites.  

This study investigates the leachability of Cr(VI) from a 
variety of naturally – occurring ultramafic rocks, including 
ophiolites and laterites of various degrees of weathering, as 
well as overlying soils. The major ore mineral is the Cr-spinel 
chromite. Total Cr contents increase in the order: ophiolites < 
soils < laterites. The leachability of Cr(VI), determined by a 
series of chemical extractants varies significantly depending 
not only on the type of rocks, but also on the degree of their 
natural weathering. Significantly more Cr(VI) is leached from 
laterites than from ophiolites. Although Cr(VI) accounts for 
less than 0.6 ‰ of total Cr contents in the rocks, the absolute 
contents are high (up to 11 μg/g) and could lead to elevated 
aqueous Cr(VI) concentrations. 
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Subseasonal environmental and biological events are 

evident in the geochemical profiles of many coastal and 
estuarine mollusc species. These events can be manifest in a 
number of ways, including periodic and non-periodic intervals 
of slow growth or growth cessations, and/or brief geochemical 
excursions in sclerochronological data series. Short terms 
events and growth anomalies are not often considered in the 
interpretation of seasonally-resolved environmental proxy data. 
However, even those geochemical profiles measured at low 
temporal resolution may be influenced by undetected short 
term events and cycles. For example, the timing of tidal cycles 
relative to diurnal water temperature variation may alter the 
seasonal-scale δ18O profiles of molluscs that experience 
growth rate variation caused by local water movement. 

The factors that cause these short-term variations are 
difficult to assess in validation studies because high temporal 
resolution geochemical measurements cannot often be 
confidently aligned with accompanying environmental time 
series data of similar periodicity. Therefore this talk will utilize 
a combination of geochemical modeling and time series data 
profiles from recent and ancient molluscs to explore this topic. 
A series of δ18O/temperature/salinity models were constructed 
based on one year of environmental data collected at 30-
minute time intervals in upper Mobile Bay, northern Gulf of 
Mexico. The models will be compared to measured δ18O data 
profiles from local Rangia cuneata valves. Examples will also 
include short term events recorded in δ18O profiles from littoral 
and estuarine species common to the the Atlantic and Gulf of 
Mexico US coasts, and radiocarbon and δ18O time series data 
from Peruvian molluscs. Potential application of subseasonal 
data profiles to archaeology and paleoenvironmental 
reconstruction will also be discussed. 
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Glaciers in the Northern Hemisphere are retreating and 
their forefields present a unique opportunity to investigate the 
initial phases of soil weathering/formation and microbial 
succession in terrestrial cold habitats. The importance of 
primary autotrophic microbial colonisers (e.g., cyanobacteria) 
relative to allochthonous sources and compared to recycling of 
ancient organic carbon during the initial phase of soil 
establishment in Arctic environments is still debated. In glacial 
forefields, microbes that have colonised both glacial surfaces 
and subglacial debris may provide an important inoculum for 
the development of microbial communities. In this study, 
during the summer in 2013, we collected soil samples along 
replicated transects from the margin of the Mitdre Lovénbreen 
glacier (Svalbard, Norway), representing a chronosequence 
between 0 and ~ 2000 years. Furthermore, we collected 
samples from the glacial surface and basal sediments for 
comparison. Analyses of microbial community composition 
(ssu rRNA gene and metagenomes), activity (C fluxes, N-
fixation, bacterial secondary production and C utilisation) and 
geochemistry/mineralogy (e.g., elemental and mineralogical 
composition) show some similarities with previous studies 
conducted in the Alps where there is an increase in a variety of 
microbial proxies, such as microbial enzymatic activity, 
respiration and diversity, in relation to years of exposure after 
glacial retreat. Our study shows a succession of microbial 
communities with age where communities in soils previously 
overridden by the ice (strongly represented by 
Betaproteobacteria) are important colonizers of new exposed 
soils up to 5 years after glacier retreat. Thereafter, presence of 
typical soil communities such as Acidobacteria and 
Actinobacteria become more prevalent. Despite the fact that 
the speed of glacial retreat and thus succession between Alpine 
and Arctic glaciers may be substantially different, this study 
demonstrates that there are clear feedback mechanisms 
between geochemistry and microbial colonisation during soil 
development after glacial retreat. 

Numerical Model Linking the 
Temporal Evolution of the 

Geohydrologic Cycle and Ocean 
Chemistry Over the Past 150 Ma 

ADAM ANGEL, ROBERT J. BODNAR, ROBERT LOWELL 
AND BENJAMIN C. GILL 

1Department of Geosciences, Virginia Tech, Blacksburg VA 
24061, USA 
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Analyses of seawater-bearing evaporite fluid inclusions 

suggest that the Mg/Ca ratio of global oceans has increased 
from ~1.5 to ~5.2 over the past 150 Ma. Ocean chemistry, 
including the Mg/Ca ratio, is controlled by a variety of 
processes, including surface runoff from the continents into the 
oceans, mid-ocean ridge (MOR) hydrothermal processes, and 
biogenic calcite fixation. The amount of water transported into 
and/or out of the oceans by each of these processes has varied 
over the past 150 Ma, suggesting that the relative contribution 
of each of these processes to ocean chemistry has also changed 
with time. Previous workers have investigated variations in 
MOR hydrothermal processes relative to oceanic crust 
production and water-rock interaction over the past 150 Ma, 
and its effect on ocean chemistry [1].  

We have developed a quantitative geochemical model 
using previously published estimates to assess the potential 
influence of variations in seafloor spreading rates, surface 
runoff and marine biogenic activity on the observed changes in 
ocean Mg/Ca ratios over the past 150 Ma. Input data for the 
model includes the amount of water in various reservoirs 
within the geohydrologic cycle [2] including the oceans, 
oceanic lithosphere, and surface water reservoirs, together with 
the fluxes of H2O, Ca, and Mg between these reservoirs. The 
amount of Ca and Mg transported to the oceans via surface 
runoff assumes that the size of the surface water reservoir 
changes in proportion to subaerial continental surface area not 
covered by ice. The amount of Ca and Mg sequestered in 
biogenic calcite assumes that the rate of biomineralization 
changes in proportion to changes in total marine biomass. Our 
results suggest that ocean Mg/Ca is more sensitive to 
variations in both MOR hydrothermal processes and surface 
runoff, and that ocean Mg/Ca is less sensitive to variations in 
marine biomass over the past 150 Ma.  
 
[1] Ligi et al (2013), Sci. Rep. 3 p. [2] Bodnar et al (2013), 
Geol. Soc. Am. Sp. Paper 500 
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The multiscale pore structure of the rocks and the 

mineralogy associated with those pores are critical factors for 
estimating a number of reservoir properties including fluid 
mass in place, permeability, and capillary pressures as well as 
geochemical interactions between the rock and the fluid. 
Combination of small and ultrasmall angle neutron scattering 
(U)SANS with backscattered electron and/or X-ray computed 
tomographic imaging provides a means by which the pore 
structures can be quantified at scales ranging from 
aproximately 1 nm to 1 cm – 7 orders of magnitude. 

To examine the effects of burial diagenesis on sandstone, 
and compare those to the effects of overgrowth formation [1] 
we obtained samples of St. Peter Sandstone from drill cores 
obtained in Sangamon, Clinton, Marion and Montgomery 
counties in Illinois and Arenac county in Michigan at depths of 
~ 2700, 3200, 4100, 5200 and 10800 feet, respectively. Larger-
scale (< 10 microns) porosity shows the expected decrease in 
porosity with depth, although there is significant variation in in 
each sample group. However, (U)SANS data show that small-
scale porosity increases with depth, and more careful analysis 
of the results suggest that pore structures exist and change at 
several distinct scales within these rocks. 

 
[1] Anovitz et al (2013) GCA 102, 280-305 
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Accretion of matter onto the central star in a protoplanetary 

disk requires outward angular momentum transport. 
Conversion of orbital kinetic energy to magnetic energy 
through the magnetorotational instability (MRI) is one 
hypothesized mechanism for this process, and is thought to 
operate in disk regions with sufficiently high electron densities 
to exceed the threshold magnetic Reynolds number. Current 
sheets engendered by the MRI may supply the requisite 
heating mechanism for chondrule melting through a short-
circuit instability capable of highly localized intermittent flash 
heating to above 1300 K [1, 2].  

In regions of the disk hotter than ~1000 K, the dominant 
source of free electrons is potassium, the most easily ionized 
alkali metal sufficiently abundant in the solar nebula. 
Therefore, mineralogy and dynamics are coupled; theoretical 
and observational constraints on the condensation behavior of 
K are critical to understanding the evolution of the disk. The 
canonical 50% equilibrium condensation temperature of K in a 
vapor of solar composition [3] is misleadingly high at T50% = 
1006 K, and predicts mineral assemblages not observed in 
most meteorites. Al and Si are demonstrably sequestered in 
CAIs and chondrule mesostasis at higher temperatures, and 
therefore unavailable to condense with K as feldspar. K 
depletions of up to 60% in CV, CO and CM chondrite classes 
[4] and even higher in Mars, Mercury and the primitive upper 
mantle of the Earth [5] suggest that K persisted in the gas 
phase in the inner solar system – a result consistent with the 
MRI current sheet heating hypothesis. The absence of K in 
condensed phases must be considered in constructing a self-
consistent picture of the early stages of planet formation in the 
disk. We are exploring the effects of disequilibrium gas phase 
K abundances on the short-circuit instability. 

 
[1] Hubbard et al (2012) ApJ 761, 58 [2] McNally et al. (2013) 
ApJ 767, L2-7 [3] Lodders (2003) ApJ 591, 1220-1247 [4] 
Wasson & Kallemeyn (1988) Phil. Trans. Roy. Soc. London 
A325, 535-544 [5] Peplowski et al (2011) Science 333, 1850-
1852  
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Carbonaceous chondrites represent some of the most 

primitive solid materials formed in the Solar System, therefore, 
the analyses of their organic content provide valuable insights 
into the chemical inventory for the primordial synthesis of 
organic matter [1]. The most thoroughly studied carbonaceous 
chondrite with respect to its organic chemistry is the CM2 type 
Murchison meteorite. Multiple organic classes have been 
identified from this meteorite including amino acids, a few of 
which have been found to contain an L-enantiomeric excess 
[2]. Furthermore, meteoritic amino acids possess enriched 
stable isotopic compositions (D, 13C, 15N), which can be used 
to unveil their primordial formation mechanisms and histories 
[3]. However, the enantiomeric distributions and isotopic ratios 
of meteoritic compounds besides amino acids are largely 
unknown [4].  

Meteoritic aliphatic amines are organic compounds which 
may share similar synthetic histories with amino acids. We 
developed a novel chromatographic method which allowed us 
to invstigate the enantiomeric composition of sec-butylamine, 
and to quantify the 13C/12C of a suite of twenty other meteoritic 
aliphatic amines. We observed that sec-butylamine is racemic 
in Murchison, in contrast to isovaline, its structurally 
analogous amino acid. We also observed a substantial 
enrichment in 13C for amines composed of one and two carbon 
atoms, with respect to their structurally analogous amino acids, 
but similar δ13C values for amines composed of three and four 
carbon atoms relative to their amino acid analogs. We will 
discuss these results and evaluate the different synthetic routes 
involved in the formation of amines and amino acids in the 
early Solar System, and in the Murchison parent body.  
 
[1] Cronin & Moore (1971) Science 172, 1327-1329 [2] Glavin 
& Dworkin (2009) Proc. Natl. Acad. Sci. USA 106, 5487-5492 
[3] Elsila et al (2012) Meteor. Planet. Sci. 47, 1517-1536 [4] 
Aponte et al (2014) Geochim. Cosmochim. Acta. 131, 1-12 
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The discontinuities within the upper mantle (400 – 700km) 

are well established from seismological measurements. We 
present here an analysis of the seismic primary (vp) and 
secondary (vs) velocity data of Jeffreys-Bullen and density data 
in terms of thermophysical properties of materials such as 
specific heat capacity (CP), Grüneisen parameter (ξ) and Debye 
temperature ( ). Our preliminary results computed from 
thermoelastic and thermodynamic equations show a very good 
correlation between the phase changes within the upper mantle 
and the thermophysical properties of the minerals therein. Our 
analysis has clearly identified two discontinuities at average 
depths of 414km and 645km which are in fair agreement with 
the presently accepted depths 410km and 670km from PREM 
model data. 
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Fire has diverse and significant effects on physical and 
chemical properties of soil and soil organic matter (SOM). In 
this study we are investigating the effect of combustion 
temperatures on the physical and chemical properties of five 
soils from an elevational transect along the Western slope of 
the Sierra Nevada Mountains in California. The elevation 
transects spans from 198 to 2865 m and all the soils were 
formed from granitic parent material, but show significant 
differences in SOM content and soil mineralogy owing to the 
effects of climate on soil development. Soils from 0 to 5 cm 
depth were combusted at five different temperatures that 
correspond to major fire intensity classes (150, 250, 450, 550 
and 650 oC). We determined the effects of combustion 
temperature on aggregation, specific surface area, pH, carbon 
and nitrogen content, composition, and distribution inside 
aggregates, mineralogy, and cation exchange capacity. Among 
other things, we found significant reduction total C and N, 
accumulation of aromatic carbon functional groups, and loss of 
aggregate protection of C as the combustion temperature 
increases. Findings from this study are critical for determining 
the rate of change in carbon and nitrogen loss, and other 
essential soil properties for topsoil’s exposed to different 
intensity fires.  
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Crystal Size Distribution (CSD) of plagioclase in mafic 

dikes of the Buzios-Cabo Frio swarm (RJ, Brazil) were used to 
estimate their emplacement processes and magmatic residence 
times. At contact with the metamorphic basement the texture 
of the vertical dikes is fine-grained, and microporphyritic to 
intergranular at the center of the larger bodies. Samples were 
collected at the margins and at the center of the dikes. The 
plagioclase average characteristic size (C) varies from 0.07 and 
0.13 mm at the margins of the narrow (< 1m) dikes and from 
0.09 to 0.20 mm at the margins of the larger (≤ 8m) dikes. At 
the center of the dikes C varies from 0.17 to 0.7 mm. The 
CSDs near the chilled margins are concave-up. At the center of 
the larger dikes the CSDs is log-linear, consistent with a 
simple steady-state crystallization pattern. Plagioclase 
phenocrysts have a high An content (bytonite-labradorite) than 
the groundmass grains (labradorite-andesine). At the margins 
olivine is richer in Fo than at the center, and respectively, 
pyroxene is richer in Ca. These results indicate that the chilled 
margin is more mafic than the center suggesting a normal 
chemical trend in a cooling magma. The concve-up CSDs 
probably depict heterogeneous crystallization rates possibly 
induced be depressurization during magma ascent followed by 
rapid cooling. The log-linear CSD at the center of some larger 
dikes is attributed to a high residence time of the magma which 
favors the process of chemical diffusion and textural re-
equilibration. Assuming constant and typical plagioclase 
growth rates, we calculate that the center of a dike with 8m in 
width would be completely crystallized (at c. 900 °C) in about 
2 years. 
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The Sample Analysis at Mars (SAM) Investigation on the 
Mars Science Laboratory (MSL) is designed to address the 
past and present habitability of Mars by exploring molecular 
and elemental chemistry relevant to life. The SAM instrument 
suite includes a Quadrupole Mass Spectrometer (QMS) 
equipped with an electron ionization source, and a pyrolysis 
oven capable of smart ramping from ambient temperatures up 
to 1000°C. This compilation of hardware enables the chemical 
characterization of martian rock/regolith by Evolved Gas 
Analysis (EGA), a technique used to identify and quantify the 
abundances and isotopic compositions of volatile organic and 
inorganic molecules released during pyrolysis. 

Regolith collected at the Rocknest aeolian bedform, which 
may be representative of local and possibly global 
unconsolidated surface materials on Mars, was characterized 
via EGA techniques and found to contain wt.%-levels of H2O, 
SO2, CO2, and O2, and trace amounts of HCl, H2S, NH3, NO, 
and HCN. The evolution of these gases suggests a sample 
mineralogy formed under alkaline (carbonates) and possibly 
acidic (sulfates) conditions. The presence of both oxidized 
(perchlorates) and reduced phases (sulfides) indicates a 
physical mixture in chemical disequilibrium, thus providing a 
chemical potential capable of supporting life. 
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The Mars Organic Molecule Analyzer (MOMA) is a joint 
venture between the European Space Agency and NASA, and 
a key instrument on the ExoMars 2018 rover. The MOMA 
instrument is centered around a miniaturized linear ion trap 
(LIT) that facilitates two modes of operation: i) pyrolysis/gas 
chromatography mass spectrometry (pyr/GC-MS); and, ii) 
laser desorption/ionization mass spectrometry (LDI-MS) at 
ambient Mars pressures. The LIT also enables the structural 
characterization of complex molecules via complementary 
analytical capabilities, such as multi-frequency waveforms 
(i.e., SWIFT) and tandem mass spectrometry (MS/MS). 
Consequently, MOMA has the potential to reveal the presence 
of a wide range of organics preserved in a variety of 
mineralogical environments, and to begin to understand the 
structural character and potential origin of those compounds. 

However, the pervasive presence of oxidative perchlorates 
across the martian surface provides a challenge to detecting 
organics via traditional in situ analytical techniques, such as 
evolved gas analysis (EGA) or pyr/GC-MS. The MOMA LDI-
MS mode of operation, on the other hand, enables the detection 
and identification of fragile molecules that may otherwise 
decompose during sample heating. Using a high fidelity 
breadboard instrument, we show that via LDI-MS methods the 
MOMA instrument is capable of detecting µg/g-levels of 
organics in a suite of natural and synthetically-derived Mars 
analog samples, even in the presence of wt.%-levels of 
perchlorate. Spectra acquired from the commercial Thermo 
MALDI LTQXL serve as verification for the data presented 
here. 
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Mantle-derived materials, whether they be extracted 
liquids (e.g., basalts) or residues (e.g., peridotite) of partial 
melting, provide insights into the constitution of the planet’s 
interior. Geochemical studies of these materials require a 
multicomponent mantle with long-lived heterogeneities. 
Regardless of their physical manifestation, the existence of 
multiple distinct mantle sources has important consequences 
for mass balance and paradigms of modern mantle structure. 

Presented here is a compositional model of the modern 
mantle as projected through the analysis of a global suite of 
mid-ocean ridge basalts (MORB) and ocean island basalts 
(OIB). The abundances of heat-producing K, Th and U in 
multiple OIB sources are estimated based on bivariate linear 
regression analyses and inverse modeling of accumulated 
fractional melting. Our results predict a mean of 140 – 180 
ng/g Th in the OIB source region, whereas global MORB 
implicate an average of ~24 ng/g Th in the upper mantle source 
of these materials. In conjunction with compositional and 
geoneutrino studies of the continental crust, the mantle sources 
characterized here produce too much radiogenic heat to 
support a bulk silicate Earth (BSE) formed from simple 
enstatite chondrite or non-chondritic Earth models. 

According to our preferred model, the OIB source region is 
responsible for contributing 7 TW to the planet’s total surface 
heat flux, with another 7 TW and 6 TW of power generated by 
the continental crust and MORB source, respectively. We 
assert that the OIB source comprises a significant amount of 
recycled crust and constitutes ~20% of the mantle by mass 
without bias for how a two-component mantle may be 
manifested physically. A tertiary mantle source, such as an 
early enriched reservoir (EER), would contain even higher 
concentrations of radioactive elements than the OIB source 
described here, suggesting an even greater rate of radiogenic 
heat generation in the planet’s interior than the model 
presented here. 
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Partitioning of reduced C-O-H-N volatiles between 

magmas, atmospheres, solid mantles and core-forming metal 
influences early climatic conditions and deep volatile cycles on 
the Earth, Moon, and Mars. There is a poor consensus on the 
identity and concentrations of reduced volatiles in natural 
magmas, as well as their dependencies on T, P, and fO2. We 
determine the speciation and solubility of C-O-H-N volatiles in 
terrestrial and martian basalts under C-saturated, H2O-poor 
conditions at IW-3 to IW+1.4 in experiments at 1.2 GPa and 
1400˚ C. Speciation was determined by vibrational 
spectroscopy and C and H concentrations by SIMS. Depending 
on fO2 and melt H-contents, dissolved species can include OH-, 
CO3

2-, H2, CH4, and both Fe-carbonyl-like and C-O-H-N-
species. CH4 is relevant only with >300 ppm dissolved H and 
fO2<IW. At fO2 relevant to a post-core formation terrestrial 
magma ocean (MO), <5 ppm C is soluble in silicate, making a 
MO both easily C-saturated and a poor host for C. For C, we 
measure Dcarbide/melt of ~104, suggesting that C strongly 
partitions into any metal present. Surprisingly, at these 
reduced, high-P conditions all C in melt is contained in a 
complex molecule containing both N-H and C=O bonds, 
possibly an amide. The solubility of this species relative to 
overlying atmospheres remains poorly characterized. CO-
bearing species similar to Fe-carbonyls are dissolved at 
intermediate fO2 relevant to volcanic degassing on Mars but 
probably not a terrestrial magma ocean or the more reduced 
regions of the Moon. 
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Organic carbon remineralization and associated diagenetic 

processes are coupled to oceanographic and atmospheric 
conditions. As a consequence, changes in environmental 
conditions often trigger vertical shifts of benthic redox fronts. 
Authigenic minerals are formidable recorders of these spatial-
temporal dynamics. Their nature and distribution not only 
reflects the diagenetic history of sediments and sedimentary 
rocks, but also allows for the reconstruction of past 
environmental conditions. Yet, the precipitation of authigenic 
minerals may result from a combination of different diagenetic 
processes and, thus, environmental conditions. In addition, 
authigenic minerals are sensitive to diagenetic alterations. 
Therefore, the interpretation of this record is not 
straightforward.  

Reaction-transport modeling (RTM) represents an ideal 
tool for decoding the diagenetic history recorded in authigenic 
mineral distributions. Here, we combine observations of 
authigenic minerals with RTM to explore the diagenetic 
dynamics in both shallow and deep subsurface environments. 
We use RTM to evaluate the potential of different diagenetic 
processes to promote widespread precipitation of authigenic 
carbonates in the shallow subsurface as observed during the 
Triassic-Jurassic transition. Furthermore, a combination of 
observed authigenic barite depth profiles and RTM is used to 
backtrack the longterm (105-106 yrs) dynamics of a deep 
sulfate-methane transition zone associated with distinct 
Cretaceous black shale layers (subsurface “hot spots”) 
resulting from an increased organic carbon productivity and/or 
burial. Simulation results allow disentangling the interplay of 
diagenetic processes that controlled the precipitation of the 
observed authigenic minerals and provide important 
quantitative information concerning diagenetic process rates. 
In addition, these results highlight the tight coupling between 
shifting environmental conditions and diagenetic dyanmics in 
both shallow and deep subsurface environments. Therefore, the 
combination of RTM and authigenic mineral observations also 
yields important quantitative interpretations concerning the 
nature of the paleoenvironment and emphasizes the importance 
of diagenesis in the interpretation of the geological record. 
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Bioaccumulation experiments, together with transmission 

electron microscopy together with electron energy loss 
spectroscopy (TEM/EELS) and confocal laser scanning 
microscopy (CLSM) were used to study the uranium uptake by 
metabolically active Euglena mutabilis cells and by dead 
biomass of Euglena mutabilis cells. For the experiments the 
Euglena cells were separated from the culture medium and 
placed in 1×10-5 M and 5×10-4 M uranyl solution (in Na2SO4 
medium) at pH 3, respectively to relate to uranium 
contaminated acid mine drainage conditions and the uranium 
uptake was monitored over time. It was found that the 
immobilization by living Euglena cells is a slow but 
metabolically driven active process which takes up to 10 days, 
before it reaches equilibrium with the surrounding bulk 
solution. However, this active process leads to higher amounts 
of immobilized uranium in comparison to the fast 
immobilization of uranium by comparable amounts of dead 
biomass, which is completed within 20 to 25 minutes.  

The immobilization of uranium by dead biomass is a 
different process. Here, uranium could only be observed in 
some instances on the Euglena pellicle by EF-TEM/EELS in 
concentrations close to the detection limit. This process was 
interpreted as a passive but very fast biosorption process in 
which uranium was eventually heterogeneously distributed as 
adsorbed species on accessible Euglena surfaces coordinated to 
carboxyl and also possibly to phosphate groups. 

CLSM studies showed that uranium was transported into 
living Euglena cells. The respective fluorescence spectra 
obtained from the interior of the cell indicated a uranium 
phosphate or uranium carboxyl speciation. No such signals 
could be obtained for dead Euglena biomass, neither on E. 
mutabilis surfaces nor in the cells.  

The above shown results showed that Euglena mutabilis 
cells do have the capacity to remove very mobile uranium(VI) 
species under AMD relevant conditions and could be a 
promising microorganisms for low-maintenance remediation 
strategies.  
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Modeling metal fate and transport associated with 
sediment, tailings, and waste rock is often needed for the 
management of abandoned mines and remediation of mining-
impacted areas. Although a variety of reactive transport 
models have been used to investigate acid rock drainage 
(ARD) and heavy metal cycling, a systematic model inter-
comparison has not been conducted to date. This study 
presents two benchmark problems dealing with 1) the 
generation and attenuation of ARD, and 2) sediment-metal 
interactions in mining-impacted lake sediments. 

The first benchmark problem focuses on comparing 
reactive transport simulations of sulfide mineral oxidation and 
attenuation of ARD in partially water-saturated mine tailings. 
This benchmark considers variably saturated flow, 
multicomponent solute transport, diffusion of oxygen and 
carbon dioxide in the gas phase, sulfide mineral oxidation, the 
dissolution of gangue minerals, and precipitation and re-
dissolution of secondary mineral phases. Four reactive 
transport codes - CrunchFlow, Flotran, HP1, and MIN3P were 
used to evaluate this benchmark. Despite substantial 
differences in model formulations, favorable agreement was 
obtained between the various codes. 

The second benchmark problem focuses on heavy metal 
cycling in mining-impacted lake sediments. A multicomponent 
biotic reaction network with multiple terminal electron 
acceptors (TEAs) is considered to simulate the reductive 
dissolution of ferrihydrite and release of trace metals. The 
model incorporates Fickian diffusive transport, kinetic and 
equilibrium mineral precipitation/dissolution, and equilibrium 
aqueous and surface complexation. Four reactive transport 
codes - TOUGHREACT, CrunchFlow, PHREEQC, and 
PHT3D were used to evaulate this benchmark. Favorable 
agreement was obtained between these codes. Simulations of a 
more complex scenario including sedimentation and 
compaction with CrunchFlow and TOUGHREACT were also 
compared with this benchmark. Slight deviations in model 
results can be explained by different formulations for 
compaction. 
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Amazonia is a place where the biology of the forest and 

atmospheric chemistry are very well coupled. Feedbacks are 
very strong between ecosystem functioning, trace gases and 
aerosol emissions, cloud cover, precipitation, radiation balance 
and other key issues. In the wet season, a large portion of the 
Amazon region constitutes one of the most pristine continental 
areas, with very low concentrations of atmospheric trace gases 
and aerosol particles. However, land use change modifies the 
biosphere-atmosphere interactions in such a way that key 
processes that maintain the functioning of Amazonia are 
substantially altered. This study presents long term aerosol and 
trace gases observations at a preserved forest site in Central 
Amazonia, with observations from 2008 to 2013. Amazonian 
aerosols were characterized in detail, including aerosol size 
distributions, aerosol light absorption and scattering, optical 
depth and aerosol inorganic and organic composition, among 
others properties. Trace gases analyzed includes VOCs, ozone 
and CO. The central Amazonia site showed low aerosol 
concentrations (PM2.5 of 1.3±0.7 µgm-3 and 3.4±2.0 µgm-3 in 
the wet and dry seasons, respectively), with a median particle 
number concentration of alow 220 cm-3 in the wet season. An 
aerosol chemical speciation monitor (ACSM) shows that 
organic aerosol accounts to 81% to the non-refractory PM1 
aerosol loading. The trace elements associated with natural 
biogenic aerosols were K, P, Zn, and organic carbon. Aerosol 
light scattering and absorption coefficients were very low 
during the wet season, increasing by a factor of 5, 
approximately, in the dry season due to long range transport of 
biomass burning aerosols reaching the forest site in the dry 
season. From this analysis, it is clear that land use change in 
Amazonia shows alterations of many atmospheric properties, 
and these changes are affecting the functioning of the 
Amazonian ecosystem in significant ways. 
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We explore the Phanerozoic coevolution of ocean, 

atmosphere, and sediment composition using MAGic, a 
comprehensive numerical model of Earth system history, with 
a focus on the carbonic acid system. MAGic describes the 
coupled biogeochemical cycles involving major seawater 
components (Ca, Mg, Na, K, Cl, SO4, HCO3, CO2, CO3), as 
well as those central to net ecosystem productivity (O2, Fe, P, 
C, S), and permits investigation of long-term feedbacks 
between the ocean, atmosphere, and continental and marine 
sediment and rock masses. As examples, we first discuss the 
sensitivity of primary productivity, weathering, reduced C and 
S burial, SO4 reduction, and seawater-basalt exchange fluxes to 
global ocean ventilation. We show how this sensitivity can be 
evaluated using a simple mixing parameter [1], and discuss 
results suggesting a coupling between ventilation and 
complementary changes in seawater DIC and SO4. Second, we 
discuss the timing of pelagic calcifier radiations and the 
relative importance of biogenic versus abiogenic carbonate in 
pelagic seafloor environments (Fig. 1), and reveal a possible 
trigger between Ca2+/CO3

2− ratios and the appearance of 
pelagic calcifiers [2]. Lastly, we discuss preliminary results 
involving the relationship between shallow marine versus 
epigenetic dolomite, and the potential for long-term mediation 
of seawater saturation state. 

 
[1] Arvidson et al (2013) Chem. Geol. 362, 287–304 [2] 
Arvidson et al (2014, in press) Aquat Geochem, 
http://dx.doi.org/10.1007/s10498-013-9224-5 

 
Fig. 1. The importance of carbonate uptake by submarine 
basalt to seawater pH (A) and DIC (B). Sufficient reduction 
in uptake depletes DIC (red curve) by −330 Ma [2]. 
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Liquidus thermobarometers for seven spinel end-members 

have been calibrated using experimental spinel and melt 
compositions for modeling of chromite - liquid equilibrium. 
We calculated formation of spinel minals in the following 
order: CaAl2O4, MgAl2O4, MgCr2O4, MgFe2O4, FeAl2O4, 
FeCr2O4, FeFe2O4. This order was set up using the concept of 
acid-base interactions for Ca2+, Mg2+, Fe2+, Ti4+, Fe3+, Cr3+, Al3+ 

ions. As an example, here is the equation for chromite FeCr2O4 
(Chr) minal: 

ХChr=exp((A+βP)/T+B+DlgfO2+ΣJiXi+lnα٭FeO+2lnα٭CrO1.5) 
 
where ХChr is the value of the chromite mole fraction, Р is 

the pressure in kbar, Т is the absolute temperature in Kelvins, 
fO2 is the oxygen fugacity, Xi is the mole fraction of i-th 
component of the melt. А, β, C, D, E, F, and Ji are the 
coefficients for corresponding variables, В is the constant, a٭– 
аctivity of the initial components in the melt according to 
network modifiers - network formers model of silicate melt. 

Coefficients and constants in the equations were obtained 
by optimization of exponential equations. This approach 
provides a better reproduction of experimental compositions 
than optimization of logarithmic linear equations. 

Observed vs. calculated FeCr2O4 concentrations based on 
our model (346 experiments in the database[1]). The red lines 
indicate a confidence interval at 5% significance level (less 
then ±2 mol.%). Although most of the points lie out of 
confidence interval, the real value (in this case - CFeCr2O4) is 
within this narrow range at 95% probability. 
 
[1] Ariskin A.A., et al (1992), Amer. Miner. V. 77, 668-669 
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On the basis of radiogenic isotope systematics of ocean 
island basalts, (OIBs), distinct mantle reservoirs such as 
depleted mantle (DM), high-μ (HIMU), focus zone (FOZO) 
and enriched mantle (EM) have been identified during the last 
decades[1,2]. This approach is now commonly applied to 
continental intra-plate volcanic settings. The nature of the 
mantle involved in the petrogenesis of CVL lavas is still poorly 
constrained. In this study, we use combined trace elements and 
Sr-Nd-Pb isotope evidence to characterize the mantle involved 
in the generation of OVG lavas.  

Twenty six rock samples collected from OVG were 
analyzed for major elements (XRF), trace elements (ICP-MS) 
and Sr-Nd-Pb isotopes (TIMS). The samples are basanite, 
basalts and trachybasalts with Mg# ranging from 43–62. 
Primitive mantle normalized multi-element diagrams for these 
samples show relative enrichment of LILE, LREE and 
depletion in HREE, akin to OIBs. Trace element ratios such as 
Th/Pb, Ba/Nb, K/La, Ce/Pb, do not show significant 
contribution of the continental crust. Sr-Nd-Pb isotopes show 
the following ranges: 87Sr/86S = 0.70318-0.70357; 143Nd/144Nd 
= 0.512821-0.52907; 206,207,208Pb/204Pb = 19.33-19.99, 15.60-
15.76672, & 39.02-39.85 respectively. Sr-Nd-Pb isotope 
systematics indicate the involvement of 3 mantle end members 
(DM-FOZO-EMI) in the petrogenesis of OVG lavas. The 
source of EM1 is likely a metasomatized subcontinental 
lithospheric mantle (SCLM). 

 

[1] Stracke et al (2005). G3,6, Q05007, [2] Willbold and 
Stracke (2010) Chem. Geol, 276,188-197 
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Quantifying marine gross primary production (GPP) is of 

critical importance for addressing the impacts of anthropogenic 
climate change on ocean ecosystems. Comparisons of results 
from primary productivity indicator methods as 14C and 17Δ 
differ by a factor of ~2 [1]. Known issues with these methods 
include difficulties in scaling from in-vitro bottle experiments 
and error introduced by vital effects [2]. These uncertainties 
and others potentially introduce large errors into global 
estimates of GPP. 

The bond geochemistry of molecular oxygen could be 
utilized as a new tracer of marine GPP. The relative 
proportions of rare multiply-substituted isotopologues 18O18O 
and 17O18O (measured as Δ36 and Δ35 values that quantify 
departures from stochastic bond order) are independent of the 
bulk isotopic composition of the reservoir. Values of Δ36 and 
Δ35 in atmospheric O2 are ~2‰ and ~1‰ respectively, 
reflecting gas-phase isotopic equilibration through O(3P) + O2 
isotope exchange reactions [3]. Oxygenic photosynthesis 
creates new O2 bonds and thus imparts a unique Δ36 biosphere 
signature, but the rapidity of photochemistry in the free 
atmosphere removes this effect. However, in places where 
photosynthesis occurs removed from the free atmosphere, such 
as in the marine photic zone, the Δ36 biosphere signature 
should remain intact.  

We will present results from a closed-system terrarium 
experiment that monitored the evolution of Δ36 and the bulk 
isotopic composition of O2 altered by photosynthesis and 
respiration. After 30 days of diurnal light/dark cycles, Δ36 
approached a value of 0‰. For 5 months, Δ36 remained at 0‰ 
even as the community structure and bulk isotopic composition 
changed profoundly. This result suggests that the biosphere 
can remove atmospheric Δ36 signatures from O2 when mixing 
with the atmosphere is limited. Measurements of photic-zone 
Δ36 could therefore potentially be used as a tracer of marine 
GPP and biological oxygen cycling.  

 
[1] Quay et al (2010) Global Biogeochem. Cy. 24, GB3014 [2] 
Bender et al (1998) Deep-Sea Res. Pt. I 46, 637-654 [3] Yeung 
et al (2012) J. Geophys. Res. 117, D18306 
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Separate PTXFO2 diagrams for xenocrysts from porhyric 
kimberlite (PK), autolithis breccia and 160 xenoliths from 
Sytykanskaya pipe Alakit (Yakutia) method show differnce. It 
is expalined by the evolution of the protokimbelie melts and 
reactional wall rocks. Early BK xenocrysts reveal stepped 
layered sction of 5 units, in AK section is more complex but 
smoothed due metasomatism. Xenoliths diplay several P-Fe# 
arrays. PT for the ilmenites show the migration of 
protockimbelrlites to middle part (4GPa) of SCLM and upper 
accompanied by AFC. The geochemistry of parental melts for 
xenocryst of Gar and Cpx from ABK, BK, metasomatic 
peridotite xenoliths and pyroxenites differ. Xenocrysts from 
ABK were produced by protokimberlite close to carbonatite 
with inclined linear REE and HFSE dips. Parental melts for 
metasomatic xenoliths are less inclined with lower La/Cen and 
without troughs in TRE spidergrams. Gar from Cr websterites 
show round REE patterns and deep troughs in Ba-Sr but 
enrichment in Nb-Ta-U. The Cpx REE are more inclined and 
inflected with variations in LREE due to AFC differentiation. 

40Ar-39Ar ages for peridotite micas in Alaki show 1154 Ma) 
for dispersed phlogopites and probably of continental arc of 
Rodinia. Veined alkaline and Ti-rich veins with pargasite and 
richterite ~1015Ma corresponds to the plume event. The~600-
550 Ma emarks stage of Rodinia break-up. Stage 385 Ma is 
protokimberlite related. Grant 11-05-00060. 
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The geological and planetary communities need those of us 
that work on silicate liquids to provide a simple, reliable 
product: an accurate predictive model of the chemical, 
dynamical, and transport properties of multicomponent liquids 
of arbitrary composition at any (often extreme) pressure and 
temperature. Such a model would be used (with similar models 
of solids and vapors, and perhaps coupled to dynamical models 
of all kinds) to construct scenarios or invert for conditions 
describing all the magmatic phenomena that affect planetary 
evolution, volcanic hazard, ore genesis, etc. This is a noble 
goal and a grand challenge. How close are we, and how can we 
chart a path to get there? 

A variety of approaches have been pursued. Experimental 
observations are essential — empirical models cannot be built 
and ab initio models cannot be tested without them — and 
observational efforts using established and new methods must 
continue. But observation alone is insufficient; we need 
models that hindcast the observations but also forecast under 
conditions that cannot be or have not been observed, at the 
speed of numerical and thought experiments. Such models fall 
into two large classes: thermodynamics and molecular 
dynamics (MD). Each has its strengths and weaknesses. 

MD models, whether fully classical (with empirical force 
fields) or semi-classical (quantum electrons coupled to 
Newtonian nuclei) remain too inefficient to provide output 
quantities in real time; even if exactly correct (which they are 
not), they need to be parameterized and so the same issues that 
arise in paramerization of experiments arise. Classical 
thermodynamic models inevitably reflect simplifying choices 
driven by either computational efficiency or by limits in 
quantity, precision, and internal consistency of calibration data, 
which from time to time must be re-examined as more and 
better computational power and data become available. 

Inspired by recent MD results, spectroscopy, and shock 
compression results, we are building paradigms for 
continuously differentiable and fast models with internal 
thermodynamic optimization that link short-range order and 
variable cation coordination to macroscopic observables. 
These are early steps, but extension to full multicomponent 
systems should lead to models that support confident 
extrapolation. 
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At the end of last century the author had proved the 

possibility of spontaneous formation and relative stable 
existence of special nano-size clusters in supersaturated media 
(solutions, vapor phase) and overcooled melts. These clusters 
were interpreted as prenucleation protomineral particles and 
were named clusters of "hidden" phase or quatarons [1]. On 
this basis a special quataron concept of cluster self-
organization of matter at nano-level was formed within which 
a number of debatable questions of the nucleation theory, 
formation of crystalline and non-crystalline materials [2], 
including hierarchically constructed amorphous (оpal-like) 
materials was solved. Next years new ideas on clusterization of 
substance in crystal-forming media and prenucleation clusters 
became extremely popular and find more and more 
experimental proofs. Owing to really specific character of their 
properties, these clusters are given special names by other 
authors - for example «DOLLOP» [3]. We, in turn, go further - 
we consider quatarons, dollops and other similar particles as 
the basic building units of growth of crystals [4]. As a result a 
principally new concept of quataron growth of crystals, 
different from known concepts of microblock (Fedorov-
Balarev) and atomic (Kossel-Stransky) growth of crystals was 
formed on this basis. The quataron concept developed by us 
allows to generalize nowadays popular ideas of nonclassical 
crystal-growth that are presented in the given report. 

This work is supported by programs of RAS: 12-T-5-1022, 
13-5-029, Scientific School 4795.2014.5, RFBR 14-05-00592a.	  

	  
[1] Askhabov, Ryazanov (1998) Doklady Phys. Chem. 362, 
335-337 [2] Askhabov (2004) Proc. of Russian Miner. Soc. 
CXXXIII, N 4, 108-123 [3] Demichels et al (2011) Nature 
Communications |2:590|DOT:1038/ncomms 1604 [4] 
Askhabov (2013) Mineralogical Magazine, 77, 625	  
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Coming out of the Last Glacial Maximum contrasting 
pictures emerge from North Atlantic proxies. The beginning of 
Greenland Stadial 1 (GS1), starting about 16.5 ka, is the first 
significant cooling recorded in the ice core data. While various 
marine proxies indicate early and significant lowering of North 
Atlantic sea surface temperature (SST) and the near complete 
shutdown of the Atlantic Meridional Overturning Circulation 
(AMOC), although precise chronology, independent of the ice 
core chronology, has remained a challenge. Whether this 
potential discrepancy was due to contrast in ocean-atmosphere 
response or is that one or the other set of data did not represent 
Northern Hemisphere climate has remained unanswered. We 
will present an independent proxy of Northern Hemisphere 
temperature variability based on precisely-dated (with mean 
age uncertainties in the range of 70 years (2σ) speleothem data. 
We show that these data track the meridional variability in the 
position of the polar jet stream, which in turn is dependent on 
changes on Northern Hemisphere temperature/pressure 
gradients. Our data show cooling profile that matches the 
marine SST and AMOC variability, demonstrating coupled 
atmosphere-ocean changes during deglaciation. The Greenland 
deviation may be a case of sea ice buffering of local 
temperature previously suggested. The coherent ocean-
atmosphere variability, suggested by our data and the marine 
data match changes in the timing of Southern Ocean 
ventilation and are likely to be causally linked.  
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The microlocal inclusion in the oolitic aggregates were 

studied by SEM (Tescan VEGA II LMU) combined with 
energy dispersive spectrometer INCA Energy. Mineral 
separations were discovered in the oolitic ores, it consists the 
sulfides (framboidal and euhedral pyrite, sphalerite, covellite 
and stibnite), native silver and REE phosphates. 

The phosphatic association are represented by the 
compounds of calcium and REE. The phosphate minerals of 
the iron and the calcium from the oolitic iron ores of Western 
Siberia describes in the literature, but information about REE 
minerals not found. Dimensions phosphate precipitates in the 
oolite are very small, as reflected in the results analysis of X-
ray microanalysis, which actually reflect the chemical 
composition of polymineralic compound. The distribution 
pattern of LREE often represented as Ce> La> Nd, and less 
Ce> Nd> La. Statistical processing of these data revealed the 
positive correlation of REE, calcium and phosphorus. The 
remaining elements (Fetot, Si, Al, K, S) are impurities and have 
a negative correlation with phosphorus. This suggests the 
presence of as calcium phosphates and phosphates of REE. 
Recalculation of chemical analyzes showed that the ratio of the 
amount of REE with phosphorus is 1:1. This ratio is typical for 
monazite. When converted chemical analyzes to formula of 
monazite observed some excess phosphorus. The correlation 
matrix shows that phosphorus tends to be more REE 
(significant correlation 1.00). Correlation same ratio of 
phosphorus to calcium is 0.95. Possibly, the excess phosphorus 
linked to the presence in the composition of apatite 
polymineralic unit. The microinclusions of phosphates are 
ultrafine mineral mixture of monazite and apatite. 

The presence of sulfides, REE phosphates and native silver 
indicate unstable physical and chemical conditions of 
formation of the oolitic iron ore.  

This study was funded by the Russian Ministry of 
Education and Science, program "State consigning". 
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Two volume cells are accepted as yielding optimium 

performance for Laser Ablation Inductively Coupled Plasma 
Mass Spectrometry in terms of fast washout and consistent 
ablation environment, both due to the small inner volume 
employed by this generic design of cell. 

Recently in the community, it has been hypothesized that 
designs employing a rigid arm that slides in and out of the 
outer sample cell, connecting the ablation volume to the ICP-
MS, change the overall system volume. This, in turn, is 
thought to affect the data quality obtained dependent on the 
spatial position of the inner volume within the outer cell. 

In this paper, the authors investigate the validity of this 
argument and show the ablation characteristics at multiple 
inner volume positions, particularly effects related to 
fractionation and nuclide ratio measurements. Moreover, the 
authors present the importance of properly purging the outer 
volume on data quality. 
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of Planetary Materials 

E ASPHAUG1 AND A REUFER1,2 
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The origin of planets is now appreciated as resulting from 
late and random giant collisions. Much of what happened in 
the first ~1-10 Ma is recorded in the isotopic geochemistry, but 
the bulk composition of planets – the presence or absence of a 
core, the volatile abundances – is determined by the last few 
giant impacts. So, perhaps, is final angular momentum. And so 
for instance, we believe that the Moon formed when something 
Mars-like crashed into Earth.  

These last late collisions are stochastic, and as such are 
subject to two generalizations: (1) two most massive bodies 
(Venus and Earth) formed as amalgams of dozens of random 
collision, growing broadly similar in bulk composition; and (2) 
the final population of unselected outliers grew highly diverse. 
The first point is obvious, but the latter is less usual to think 
about, the attrition bias that applies to the unaccreted relics of 
planet formation. 

Consider a few dozen pennies and a jar. Pick up a penny 
and flip it, and see if it comes up tails. If it does, put it in the 
jar; if not, mark it h and put it back on the table. Continue 
picking coins at random – previously flipped or otherwise – 
and flip them, and if they come up tails put them in the jar. 
Eventually the jar has all but a few of the coins. The ones left 
on the table are unusual, having been flipped ‘heads’ a few 
times in a row, on average.  

In the context of planet formation, if there were once a few 
dozen planets that accreted to become the Earth and Venus, 
then we could consider Mars, Mercury and the Moon as the 
unaccreted (or partially accreted) leftovers, lucky pennies left 
on the table by the above analogy. These would be a highly 
diverse population according to an analogous statistical model. 
Some (e.g., Mercury, or Psyche) would have suffered two or 
more hit and run collisions, while others none, and others (e.g. 
Theia) shredded by partial mergers.  

Mantle stripping occurs frequently during planet 
formation, leading to a systematic transfer or winnowing of 
composition. In pairwise encounters between planets of masses 
M1 > M2, material is stripped preferentially from M2, and then 
accreted preferentially onto M1 due to its larger gravitational 
cross section. If somehow M2 manages not to be accreted by 
M1, after one or more hit and runs, then it will have lost much 
of its mantle (and crust, and possibly ocean), materials that 
would find a permanent sink in M1.  
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University of Manchester, UK 
 

Nanoparticulate birnessite is ubiquitous in oxic marine 
sediments. Through coupled sorption and redox reactions this 
phase exerts a strong control on the speciation and 
bioavailability of trace-metals in the ocean [1]. In the modern 
oceans the uptake of Ni by birnessite is the primary control on 
oceanic Ni concentrations [4]. However, the phyllomanganate 
birnessite is highly transient, transforming under diagenesis 
and mild hydrothermal conditions to the tectomanganate 
todorokite [2-3]. Because Ni is a bioessential element, required 
by primary producers for nitrogen fixation [5], understanding 
the sequestration of Ni to birnessite, and its fate and mobility 
during transformation to todorokite, is key to elucidating 
feedbacks between Ni abundance, oceanic productivity and 
ultimately air-sea gas exchange. Here we present the results of 
a novel todorokite synthesis, where we age Ni-rich birnessite 
under mild hydrothermal conditions. We have performed a 
time resolved study, combining XRD, TEM-EDS and XAS, to 
fully characterize the transformation pathway and determine 
the fate of Ni during the transformation. We find that the 
transformation of birnessite to todorokite is a four-stage 
processes in which todorokite grows via the oriented 
attachment of primary todorokite particles. Crucially, Ni 
remains preferentially sorbed to the precursor birnessite during 
its progressive transformation to todorokite, but is released 
during a late stage dissolution recrystallization. At this point 
the precursor birnessite is near completely transformed, yet Ni 
does not sorb to the neo-formed todorokite. These results are 
consistent with our μ-XAS data for natural diagenetic and 
hydrothermal marine FeMn-rich sediments, which show Ni 
preferentially associated with birnessite in the presence of neo-
formed todorokite. Our work indicates that in marine 
sediments this process is a source of Ni to the sediment 
porewaters. 
 
[1]Burns & Burns (1977) In Marine Manganese Deposits, 
Elsevier. [2]Bodeï et al (2007) GCA71, 5698 [3]Feng et al 
(2010) GCA74, 3232 [4]Peacock & Sherman (2007) Chem. 
Geol.238, 94 [5]Mulrooney & Hausinger (2006) FEMS 
Microbiol. Rev.27, 239 
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Broadband Cavity Enhanced Spectrometer (BBCES) 

Atmospheric particles are produced from a wide variety of 
both anthropogenic and natural sources and impact the Earth’s 
radiative budget by direct scattering and absorption of 
radiation. To investigate these impacts we have developed a 
novel BBCES covering a wavelength range of 360-420 nm, 
which we used to measure wavelength dependent aerosol 
extinction cross sections during the SOAS field campaign. 
Brown Carbon Aerosol During a Biomass Burning Event 

Recently Zhang et al., has shown evidence for wavelength-
dependent absorption by brown carbon aerosols with enhanced 
absorption at shorter wavelengths [1]. During the SOAS field 
campaign, one major biomass burning event was observed, 
which showed enhanced aerosol aborption in the UV. We 
retrieve complex refractive indices (RI) for these aerosols from 
the BBCES extinction and a Scanning Mobility Particle Sizer 
(SMPS) measurement. The variation of extinction with 
wavelength in the UV for biomass burning aerosols are 
inconsistent with a wavelength-independent RI, suggesting an 
influence by brown carbon aerosols at short wavelengths. This 
presentation will outline methods for complex RI retrievals 
from ambient measurements of wavelength-dependent 
extinction and the implications for understanding sources and 
impacts of brown carbon.  

 
[1]Zhang et al (2011) GRL 38, doi: 10.1029/2011GL049385.  
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Formation of continental crust has been linked to 
collisional processes and, in the Archaean with higher mantle 
potential temperatures, may have involved generation of 
granitoids by partial melting of amphibolite or eclogite with 
oceanic crust precursors, either in thick oceanic plateaus or in 
subduction zones [1]. Unfortunatley, pre-Phanerozoic 
exhumed high-pressure terranes are rarely available for study 
to test these hypotheses. In contrast, eclogite xenoliths are 
frequently entrained in kimberlites that have intruded the 
cratonic crust throughout Earth’s history. Despite metasomatic 
overprints during their long mantle residence [2], these 
eclogites preserve diagnostic signatures of variably seawater-
altered, plagioclase-bearing crustal protoliths, including low 
ΣREE contents, flat HREE patterns, positive Sr and Eu 
anomalies and fractionated O isotopes [3]. Some eclogite 
xenolith suites further show depletions consistent with loss of a 
granitoid melt at ages mirroring those of the overlying crust 
[e.g. 4]. However, in some eclogite xenolith suites, LREE-
depletion mimicking partial melt loss could point to interaction 
with deserpentinisation fluids [5], similar to modern examples, 
and would therefore not directly result in continental crust 
formation. 

We will present new major- and trace-element data for 
~100 eclogite xenoliths from the Lace kimberlite (Kaapvaal 
craton) and combine these with published values from various 
cratons to examine (1) the viability and nature of crustal 
precurors consistent with a subduction origin, (2) evidence for 
partial melt loss that could have resulted in granitoid formation 
and if so, (3) potential signatures in the eclogite residue that 
can distinguish between partial melting in the amphibolite vs 
eclogite stability field. These results will not only provide 
important constraints on the nature and origin of continental 
crust, but also have implications for early Earth geodynamics. 

 
[1] Moyen and Martin (2012) Lithos 148, 312–336 [2] Huang 
et al (2012) Lithos 142-143, 161-181; [3] Jacob (2004) Lithos 
77, 295-316 [4] Tappe et al (2011) Geology 39, 1103-1106 [5] 
Aulbach et al (2011) Lithos 126, 419-434 
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Dating brittle fault slip is a research frontier integral for 
characterizing numerous upper crustal processes, yet few 
radioisotopic methods exist to do so. Hematite, common in 
fault zones, presents a new target for directly dating brittle 
deformation. The hematite (U-Th)/He method can directly date 
fault slip events if dates record syntectonic hematite formation 
or rapid cooling from hot fluids or frictional heating during 
fault slip. Results from two pilot studies demonstrate the 
application of this method to young and old faults. Hematite 
He dates from polished, iridescent minor fault surfaces in the 
Wasatch fault footwall damage zone yield highly reproducible 
~4-5 Ma dates. Results overlap with new apatite (U-Th)/He 
and fission-track data. However, hematite from two samples 
with the same closure temperature separated by 20 cm on the 
same fault surface yield dates of 2.5 ± 0.2 Ma and 4.0 ± 0.1 Ma 
(mean ± 1σ sd). X-ray photoelectron spectroscopy reveals the 
presence of reduced Fe on these iridescent surfaces, requiring 
elevated temperatures. This is strong evidence against simple 
ambient cooling during footwall exhumation and instead 
argues for hematite He resetting from shear heating during 
localized seismic slip events. Hematite from fissure fills 
cutting Mississippian limestone on the Gower peninsula, South 
Wales yield consistent ~140 Ma He dates. Independent 
geologic constraints and fluid inclusion data indicating 
formation temperatures below the hematite He closure 
temperature, imply that these dates record hematite formation. 
Because mineralization was structurally controlled by fault 
activity, the Early Cretaceous hematite He dates directly 
constrain faulting episodes, consistent with regional extension 
due to incipient opening of the North Atlantic Ocean. 
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Recently, xenon trapped in fluid inclusions of Archean 

samples from North Pole, Pilbara (Australia) was found to be 
isotopically intermediate between cosmochemical end-
members (chondritic or solar) and the atmosphere [1, 2]. These 
results have been interpreted as resulting from prolonged loss 
of Xe atoms from the atmosphere to the outer space, that lasted 
at least until the end of the Archean eon [3]. Archean samples 
analysis together with modeling could help to put further 
constraints on the early history of the Earth-Moon system. 

We have analyzed noble gases (Xe, Kr and Ar) in fluid 
inclusions contained in quartz veins from the Barberton 
greenstone belt (South Africa) in order to (i) check if this noble 
gas fractionation represents, or not, a worldwide signature of 
the Archean atmosphere, (ii) get a more precise isotope 
analysis of Archean noble gases, and (iii) investigate the Xe 
isotopic evolution through geological periods of time. The 
Archean (≈3.2 Ga) Xe isotope ratios, analyzed with a permil 
precision, indicate an isotopic fractionation of 1.0 ± 0.1 
%.amu-1 in favor of the lighter isotopes for the Archean 
atmosphere relative to the modern one. These results confirm 
the fractionated state of the archean atmospheric xenon, as a 
result of prolongated Xe escape from the atmosphere through 
time.  

A model has been built to reproduce the temporal 
evolution of the isotopic composition of atmospheric xenon 
after a major impact and to take into account the addition of 
radiogenic/fissiognic Xe atoms from extinct radioactivities 
(129I, 244Pu and 238U). It permits to put constraints on the I-Pu-
Xe age of the Earth-Moon system. The model reproduces with 
<1% the Xe isotopic compositions of the Archean and the 
modern atmospheres. It also resolves the unexplained 
atmospheric under-abundance of Xe isotopes from the fission 
of 244Pu. When corrected for prolonged loss, I-Pu-Xe ages of 
the Earth-Moon system are reconciled and shift from 70-100 
Ma as previously thought, to 40±20 Ma after CAI.  

 
[1] Pujol et al (2009) GCA 73, 6834-6846 [2] Pujol et al 
(2011) EPSL 308, 298-306 [3] Marty (2012) EPSL, 313-314, 
56-66 
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The study area is located in Akdagmadeni where 104 km 

East of Yozgat city and geologically lies within igneous and 
metamorphic rocks of Akdag Massive. There are several skarn 
type Pb, Zn deposits which formed by regional contact 
methamorphism. Soil and plant samples were collected from 
both mineralized and unmineralized areas. The plant 
Verbascum euphraticum L. were examined. Analysis were 
carried out by Inductively Coupled Plasma-Mass Spectrometry 
(ICP-MS) method. As and Cd values of the soil samples were 
found to be in the range of (V. euphraticum) 56.9-2.5 mg kg–1; 
73.25- 0.48 mg kg–1, respectively. Translocation factor 
changed from 0.1 to 4.38. Enrichment coefficient of most plant 
samples were higher than 1. It is seen that the As and Cd 
distrubition in the plants is compatible with As and Cd 
distrubition in the soils. This shows that plants are directly 
absorbing these elements from the soil. It was concluded that 
the shoots and roots of V. euphraticum can be used as both 
biomonitor for environmental pollution and indicator. 
 
Keywords: Akdag Massive, Contact Metamorphism, shoots, 
roots, V. euphraticum. 
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Lead (Pb) represents one of the major and more ancient 
anthropogenic pollutants and its isotopic signature is a 
powerful tool to evaluate the relative contribution of its 
different sources (natural, industrial, gasoline). Pb is therefore 
an emblematic element to investigate the remanence of the 
pollution in an environment under high anthropogenic pressure 
in space and time. Pb concentration, isotopic signature and 
speciation were investigated in atmospheric particles, street 
and road dust, surface and deep soil layers and river sediment 
in urban areas (Orge River, France) to outline potential 
differences in the remanence of pollution delivered by different 
sources. Although lead contamination due to gasoline additives 
has disappeared from the finest atmospheric particles 
(Grenoble, 2009), this source is still present in street and 
roadside dust particles. This dust is confirmed as a source of 
contamination for urban rivers, where they preferentially 
accumulate among contaminated bed sediment particles. In 
contrast, the suspended particulate matter found nowadays in 
urban rivers usually displays an averaged signature inherited 
from ancient industrial activities, possible coal burning and a 
limited fraction of gasoline Pb. In particular hydrological 
conditions such as storms strongly leaching urban surfaces, 
contamination due to gasoline additives may reappear in rivers. 
A general scheme of Pb supplies and exports from urban river 
is proposed based on the Orge River catchment results. 
However, the upscaling of the statements drawn from the Orge 
River catchment to the larger Seine River basin is not 
straightforward. The main reason of this discrepancy is 
probably a change in processes hierarchy between a small 
catchment dominated by urbanisation and a larger basin with a 
higher rural vs urban land use buffering the impact of 
meteorological phenomenons. An investigation of soils under 
different land uses showed that soils may act as Pb sinks 
and/or sources to the nearby river, depending on the dominant 
emission. The role of soils should be better quantified to 
further improve the riverine contaminant circulation models. 



 Goldschmidt2014 Abstracts  

 

89 

89 

Geochronological and Geochemical 
Transects of the Western Alaska 

Range Batholith 
R. AYUSO1*, P. HAEUSSLER2, E. TODD2, S. BOX3,  
J. JONES 2, D. BRADLEY2, J. VAZQUEZ4, S. KARL2  

AND J. JACKSON1 
1U.S. G.S, Reston, VA, 20192, USA  

rayuso@usgs.gov (*presenting author) 
2U.S. G.S., Anchorage, AK, 99508-4626, USA 
3U.S. G.S., Spokane, WA, 99201-1011, USA 
4U.S. G.S., Menlo Park, CA, 94025-3561, USA 

 
Two geochronological and geochemical transects in the 

Western Alaska Range (NW-SE, E-W) highlight a spectrum of 
magmatic features that suggest the influence of various source 
regions during formation of the batholith. New SHRIMP U-Pb 
ages from 21 zircon separates of granitic plutons that intruded 
the Kahiltna retroarc basin and the Peninsular terrane (to the 
south) range mostly from 68.8 ±0.6 to 55.4 ±0.8 Ma (one older 
pluton has an age of 104.2 ±1.0 Ma). No systematic trends 
relating age of intrusion to location along either transect were 
recognized for these plutons. A subset of younger plutons 
(33.6 ±0.6 to 45 ±1.0 Ma) appears to be concentrated in the E-
W transect. The new ages overlap the magmatic peak (~70-55 
Ma) of the batholith [1, 2]. Zircons lack evidence for 
inheritance from older rocks.  

Most granitic rocks are magnesian and metaluminous; near 
the boundary between the Kahiltna basin and the Farewell 
terrane (to the north), peraluminous, near-minimum melt 
plutons predominate (Cathedral Mts.). The subset of younger 
plutons includes gabbro and peralkaline granite. Most granitic 
rocks postdate the closing of the basin (100-80 Ma) and thus 
are post-collisional; some granitic rocks were emplaced during 
the final stage of basin closure and are coeval with the 
intrusion of a swarm of basalt to basaltic andesite dikes 
(southern half of NW-SE transect; 58.3±1.0 to 51.0±1.0 Ma) 
[1]. The dikes (relatively light REE-rich/N-MORB, negative 
Nb-Ta anomalies) resemble calc-alkali and continental basalts 
compositionally. Granitic rocks in the southern Jurassic belt 
(Peninsular terrane) have strongly positive εNd (up to +6.3) 
and low initial Pb isotope ratios. Granites in the northern 
Cathedral Mts. have the lowest εNd values (as low as +1.6) 
and highest Pb isotope ratios. Most granitic rocks have initial 
87Sr/86Sr <0.70504. Nd-Sr-Pb isotopic compositions of granitic 
rocks indicate mantle-dominated sources and negligible 
contributions from older crustal rocks. 

 
[1] Haeussler et al (2013) GSA, 23-3 Denver, CO [2] Box et al 
(2012) Alaska Miners Assoc., Anchorage, AK 
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Ice is one of the oldest known and the most frequent 

mineral on the Earth's surface. Ice of polar ice sheets 
undergoes creep at low stresses and high homologous 
temperatures between 0.9 and 0.7. Under such circumstances 
recrystallization plays an enormous role in governing the state 
and thus the behaviour of the material. This has been 
recognized and interpreted in many ice cores in the last 
decades[1,2] assigning recrystallization regimes to ice sheet 
depth ranges. Grain boundary migration is a major process of 
recrystallization in ice and affects interpretation of climate 
records within the ice, in form of air bubbles, dust particles, 
salt micro-inclusions as solid or liquid phase because the 
accumulation and release of micro-inclusions at moving grain 
boundaries are always taking place from shallower depth until 
the bottom. This micro-inclusion loading could produce small 
grain size at the depth corresponding to high impurity 
concentration in ice sheets. We present the interaction between 
grain boundary of ice and micro-inclusions and its implication 
for polar ice-sheet dynamics.  
 
[1]. Faria, S. H.; Weikusat, I. , Azuma, N. The Microstructure 
of Polar Ice. Part I: Highlights from ice core research. Journal 
of Structural Geology , in press a. [2]. Faria, S. H.; Weikusat, 
I. , Azuma, N. The Microstructure of Polar Ice. Part II: State of 
the Art Journal of Structural Geology , in press b. 
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Previous results based on limited data set suggested that 

the geochemical reference material Basalt Ribeirão Preto BRP-
1 [1] could be also used as a standard for isotope analysis. 
Here we report isotopic data of Pb, Nd e Sr obtained for BRP-
1, as well as, the mass fractions of Pb, Nd, Sm, Rb and Sr 
determined by ID-TIMS on this material. All analytical work 
was carried out at the Center of Geochronological Research, 
University of São Paulo. The test portions of BRP-1 were 
dissolved using HF, HNO3 and HCl acids, followed by element 
separation from matrix by a routine ion exchange procedure. 
The Pb isotope ratios obtained were: 206Pb/204Pb = 17.995 ± 
0.012, 207Pb/204Pb = 15.527 ± 0.009, 208Pb/204Pb = 38.381 ± 
0.031. These values are means and the uncertainties are two 
standard deviation of 25 analyses. The mean of 143Nd/144Nd 
ratios (n=13) was 0.512388 ± 0.000009, and the average of 
87Sr/86Sr ratios (n= 23) was 0.706002 ± 0.000068. The mass 
fractions of some elements determined by ID-TIMS yielded 
the values (mean ± 2σ): Pb = 5.29 ± 0.05 µg.g-1 (n=16), Rb = 
35.8 ± 0.4 µg.g-1 (n=15), Sr = 501 ± 8 µg.g-1 (n=16), Sm= 10.7 
± 0.1 µg.g1 (n=17), Nd = 51.8 ± 0.7 µg.g-1 (n=17). These data 
agree with the certified values within the 95% confidence 
level. The new set of isotopic data confirms that BRP-1 (Basalt 
Ribeirão Preto) can be also used as reference material for 
isotope analysis in rock samples. Our data were validated by 
analysis carried out on BCR-1 and AGV-1 reference materials.  
 
[1] Cotta & Enzweiler (2008) Geostandards and Geoanalytical 
Research 32, 231-235 
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Carbon isotopic records demonstrate that a massive carbon 

cycle perturbation occurred in close association with the Great 
Oxidation Event (GOE) between 2.4 Ga and 2.2 Ga. This C-
cycle perturbation includes a protracted period of anomalously 
positive δ13C values, known as the Lomagundi event, and one 
of the largest known negative δ13C excursions, known as the 
Shunga event, which occurs at its terminus.  

Here we use a numerical carbon cycle model to explore the 
linkage between carbon cycle perturbation, ocean chemistry, 
and Earth surface oxidation. Our numerical model contains 
boxes representing sedimentary and oceanic reservoirs, and 
tracks the fluxes and isotopic compositions of carbon, calcium, 
sulfate, and phosphate, as well as ocean chemistry parameters 
including pCO2, pH, and calcite saturation.  

We perturb our model from a postulated pre-GOE state 
using a step function in external net O2 input. This perturbation 
represents a driver of Earth surface oxygenation external to the 
exogenic cycle (i.e. hydrogen loss to space or less reducing 
mantle degassing). In the model the excess O2 is absorbed by 
increased sulfide weathering on land, leading to delivery of 
sulfate to the ocean. The increased delivery of sulfate drives 
elevated organic carbon burial, as we allow the C:P burial ratio 
of organic carbon to respond to the O2-to-SO4 ratio. This 
feedback is based on the notion that in low-O2 / low-SO4 (pre-
GOE) and high-O2 / high-SO4 (modern) oceanic states iron 
oxide precipitation acts as a strong sink for dissolved 
phosphate, while in the intermediate low-O2 / high-SO4 state 
iron removal is dominated by pyrite precipitation allowing for 
elevated phosphate regeneration. Thus, a positive feedback 
arises where O2 production from organic carbon burial triggers 
additional sulfide oxidation which leads to further organic 
carbon burial. This process continues until the sulfide reservoir 
is depleted after which δ13C values return to near zero and the 
model settles into a new steady state with a higher pO2. 
Intriguingly, under certain model parametrizations we find that 
that a large negative excursion is produced at the termination 
of the positive one. The abrupt termination of the pyrite sink 
results in the diversion of the massive O2 flux to organic 
carbon oxidative weathering, resulting in a huge pulse of light 
carbon to the ocean. In addition to carbon, our model predicts 
massive perturbations to the isotopic systems of S and Ca, 
offering the opportunity to test whether our model offers a 
realistic abstraction of the events at start of the Proterozoic. 
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The Sn–W greisen deposits, located in the eastern part of 
the Variscan metallogenic Erzgebirge province (zinnwaldite 
Ar–Ar ages between 313 and 315 Ma [1]), are emplaced in 
highly metamorphosed and/or igneous rocks and typically are 
associated with post-collisional Li–F-enriched small granitic 
intrusions [2]. This metallogenic province traditionally 
belonged to the major source of economic Sn, Ag, U, W, Co, 
and fluorite–barite deposits for central Europe [3]. The 
Zinnwald/Cínovec Li–Sn greisen deposit is associated with a 
unique zinnwaldite–quartz–topaz mineralization hosted by an 
albitized stock-granite. 

Li contents and isotope compositions were measured in 
host albite granites (n=2), greisens (n=3), and a sample from a 
flat-dipping vein in the Zinnwald deposit, paralleled by 
individual mineral phases. All investigated bulk rocks have 
extreme Li contents reaching from 1,600–2,200 ppm in albite-
granite, to 3,400–6,200 ppm in greisen-type rocks and to 
~8,000 ppm in a vein-type sample, most likely carried by 
zinnwaldite (15,000–19,200 ppm) and muscovite (9,500–
15,700 ppm) whereas albite and quartz, in particular, have 
significantly lower Li abundances (560–660 and 33–330 ppm, 
respectively). The high bulk Li contents are very unusual even 
for chemically evolved granitic systems with the exception of 
Li-rich pegmatites. Bulk δ7Li values are restricted (–1.0 to 
0.3 ‰), consistent with late orogenic granites from a larger 
area of the Erzgebirge Mts. [4]. Zinnwaldite and muscovite 
carry isotopically heavy Li relative to the corresponding bulk 
rocks and, at the same time, muscovite always is slightly 
heavier than zinnwaldite. δ7Li values of quartz become 
progressively heavier from granites through greisens to a vein 
sample. Zinnwaldite may represent a late-stage ingress of Li-
rich fluids/melts rather than indigenous phase of these 
lithologies because from mass balance considerations and 
mineral modes, bulk [Li] and δ7Li values cannot easily be 
reconstructed for either sample of the suite. 

 
[1] Seifert et al (2011) Min Mag 75, 1833. [2] Seifert & 
Kempe (1994) Eur J Min 6, 125-172. [3] Baumann et al (2000) 
Ore deposits of the Erzgebirge, Enke. [4] Romer et al (2014) 
GCA, in press. 
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Sorption by birnessite is the dominant control of Pb and Zn 
concentrations in marine and terrestrial aquatic environments. 
We have discovered natural terrestrial birnessites with high 
concentrations of Pb (>30 wt. %) and Zn (>2 wt. %). EXAFS 
of these materials show no evidence of surface precipitates or 
phases such as coronadite or chalcophanite. Using predicted 
surface complex geometries from ab initio calculations on 
model clusters, we interpret the EXAFS as the expected 
tridentate inner-sphere complexes of Pb and Zn forming over 
vacancy sites on the MnO6 layer. We find that we can 
synthesise identical Pb and Zn-bearing birnessites in the 
laboratory and that these phases can hold extremely high 
loadings of Pb and Zn. EXAFS of our synthetic materials 
suggest that loadings above 11 wt. % Pb or 3 wt. % Zn result 
from the formation of outer-sphere complexes in addition to 
the inner-sphere vacancy complexes. Outer-sphere complexes, 
however, are only indicated in EXAFS by a decrease in the 
average Pb-Mn and Zn-Mn coordination number.  

Given that the association of Pb and Zn with birnessite is 
via surface complexation and not by the formation of a 
secondary precipitate, we can develop a thermodynamic model 
(surface complexation model) for sorption by fitting a series of 
sorption experiments to the equilibrium 

 
 >Mn6O3

-2 + Zn+2 = >Mn6O3Zn 
 
(with an analogous reaction for Pb) where >Mn6O3

-2 
represents a vacancy site. In our surface complexation model, 
we used a basic Stern model for surface electrostatics and fixed 
the pK for each vacancy oxygen protonation to be 2.3 (equal to 
the pHpzc). We used the number of sites as an adjustable 
parameter; our synthetic birnessite has 0.0025 moles sites/g. 
This corresponds to ~0.5 times the hypothetical maximum that 
would be expected for a single MnO6 layer and is consistent 
with the near lack of coherent stacking in the c-direction and 
high surface area of δ-MnO2. By including a complex with Pb 
or Zn in the diffuse layer, the basic Stern model also enables us 
to account for the outer sphere complexation. The exact 
molecular nature of “outer-sphere” Pb or Zn on birnessite is 
unclear, however.  
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The effect of newly synthesized three organic compounds 

(OCs) on the oxidative dissolution of iron monosulfide (FeS) 
in air saturated HCl solutions, at 25°C and pH 1.3, was tested 
by potetiodynamic polarization (PP) and Electrochemical 
Impedance Spectroscopy (EIS). The investigated OCs were: N, 
N-diethyldithiocarbamate 1 - (3,5-dibromo-2-hydroxyphenyl)-
1-oxoetan-2-yl (Pr 04), N, N-diethyldithiocarbamate 1 - (2-
hydroxy-3,5-diiodophenyl)-1-oxoetan-2-yl (Pr 05) and O-ethyl 
xanthate 1 - (5-bromo-2-hydroxy-3-methylphenyl)-1-oxoetan-
2-yl (Pr 06). 

When FeS electrodes were pretreated with 1 mM ethanolic 
solutions of OCs the reordered oxidation potentials (open 
circuit potentials) are: -283.6 mV (Pr 04), -264.9 mV (Pr 05) 
and -259.2 mV (Pr 06). In the absence of the pretreatments, the 
oxidation potential is -305.5 mV. 

The inhibition eficiency (IE) was computed with the 
following equation: 

IE=(1-iox/iox
0)·100 

iox is the oxidation curent density in the presence of OCs 
and iox

0 is the oxidation curent density in the absence of OCs. 
The obtained inhibition eficiencies were: 44% (Pr06), 26% 

(Pr05) and 0% (Pr04), value which indicates that Pr04 is not an 
inhibitor of FeS oxidative dissolution.  

In adition to PP and EIS investigations of FeS oxidation, 
the initial and pretreated FeS samples were analysed by FTIR 
spectrosopy. The obtained results are in agreement with the 
electrochemical data. 

 
This work was supported by a grant of the Romanian 

National Authority for Scientific Research, CNDI– 
UEFISCDI, project number 51/2012. 
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Source-reservoir distribution mainly controls the 

accumulation and distribution of oil and gas. Under 
macroscopic meter-scale, structure layout between source rock 
and reservoir rock affects the formation of conventional 
hydrocarbon traps. Under microsopic centi-micrometer 
scale,distribution relationships of organic and non-organic 
minerals influence accumulation of unconventional tight oil 
and gas. In the tight-oil reservoir of the Cretacous Xiagou 
formation, JiuQuan basin,north-western China, many rock 
types are mainly mixtures of dolomite, feldspar, quartz and 
organic matters. Under microscopic scale, multi-lamination 
structures of organic and non-organic minerals act as the 
foundation of symbiosis of tight oil source and reservoir 
rock,and also control the storage, flow,and accumulation 
characteristics of tight oil. Some pieces of evidence are 
illustrated below: 

1) Lithology associations include argillaceous dolomite 
and dolomitic mudrock. They develop multi-laminations of 
organic matters, dolostone, feldspar and clay minerals, 
particularly, the organic matters are of laminated and scattered 
distribution types, all of which act as the foundation of 
symbiosis of tight oil source and reservoir rock. 

2) In the laminations of high-content carbonate or felsic 
minerals, intragranular corroded micropores in dolomite and 
intergranular micropores in feldspar develop,with the pore 
diameter ranges from 500nm to 2300nm, mostly enriching 
pore throats of micrometers. In the laminations of high-content 
organic or clay minerals, nano-scale organic micropores 
dominate,the size of which is from 50 to 800nm. Some micro-
fracture systems of crude oil fluorescence features develop 
between organic-rich and non-organic laminations, with an 
extension of 1 to 10um, acting as the main pathways of 
occurrence and movement for tight oil. 

3) The source-reservoir rock microstructure and fracture 
systems predominantly control tight-oil accumulations. 
Laminated organic matters expel hydrocarbon more easily and 
they are the preferable collection area for tight oil at low-
maturity evolution stage of organic matters. Scattered organic 
matters have trouble inhydrocarbon expulsion, and they are 
advantageous collection area for tight oil at high-maturity 
evolution stage of organic matters. 
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Because of its paucity in many habitats, phosphorus can 

limit primary productivity, even influencing atmospheric 
oxygen levels over geological time scales. The biosphere itself 
is a major reservoir of phosphorus. In addition to the P 
incorporated into biomolecules, some organisms store 
substantial P intracellularly in the form of polyphosphate. 
While polyphosphate plays many roles in diverse organisms, 
those microbes that accumulate high intracellular 
polyphosphate stores are thought to primarily use it as an 
energy reserve under changing redox regimes. However, the 
significance, controls on, and evolution of polyphosphate as a 
major biological P pool remain incompletely understood.  

Recent research has implicated polyphosphate-
accumulating sulfide-oxidizing bacteria in the precipitation of 
apatite minerals in modern phosphogenic sediments. 
Interestingly, phosphatic mineral deposits first appear in the 
rock record about 2 billion years ago—trailing the Great 
Oxidation Event. A second major phosphogenic episode 
roughly coincides with the spread of oxygen to the deep ocean 
during the Neoproterozoic. Both Neoproterozoic and 
Paleoproterozoic phosphorites contain fossils that have been 
interpreted as chemolithotrophic bacteria of the kind that are 
known to accumulate polyphosphate in response to changing 
redox conditions.  

Did the development of oxic/anoxic transition zones during 
the oxygenation of the atmosphere and oceans create niches for 
polyP-accumulating bacteria? Did these bacteria then generate 
conditions favorable for the phosphogenic episodes that mark 
these intervals? Investigations of phosphorites in the ancient 
rock record, as well as of polyphosphate utilization by extant 
microbes in modern sediments, will be needed to further test 
these hypotheses. 
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One of the most difficult aspects of studying microbial 
ecology is determining and understanding the fundamental ties 
between microbial community structure and observed 
functions. Although microorganisms are important in 
controlling contaminant fate in the subsurface, knowledge of 
how/why microbial communities respond to contaminants is 
lacking. Hence, it is important to characterize microbial 
communities, establish linkages between biodiversity and 
function, and study interactions between different species. We 
have developed a bioreactor system for manipulating and 
temporally monitoring the microbial community without 
disturbing the community structure in-situ. Three above 
ground, in-field reactors were fed groundwater from well 
FW305 at the Oak Ridge Field Research Center, Oak Ridge, 
TN for 11 weeks. Each bioreactor contained 8 replicate biofilm 
coupons filled with sterilized sediment obtained from the FRC. 
The microbial communities from the planktonic and biofilm 
portions of the reactors were compared to the groundwater 
community for structure and function. Community structure 
was measured through sequencing, PCR and qPCR for selected 
genes, cell counts and total protein before and after the cells 
entered the bioreactor system. Temporal community function 
was qualified by alterations in the concentration of 53 metals, 
9 organic acids, 7 anions and 3 sugars, pre- and post- 
bioreactor exposure. The findings of this initial experiment 
will directly impact the number of biological replicates that 
will be required going forward with future reactor studies at 
this site. 
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Methylmercury (MeHg), a potent, bioaccumulative 

neurotoxin is produced by sulfate-reducing bacteria (SRB) in 
anoxic environments. Several sulfate-impacted lakes and 
wetlands in Northeastern Minnesota, USA, were studied to 
examine the effects of high sulfate loading on MeHg 
production and transport. Although net MeHg production was 
an important mechanism governing mercury dynamics in 
sediments of non sulfur-impacted waters, sediments with high 
porewater sulfide concentrations (>60 µmol/L) appeared to 
have inhibited net MeHg production. High sulfide 
concentrations also appeared to increase MeHg partitioning 
into the aqueous phase, particularly in the early spring, often 
resulting in elevated porewater MeHg in sulfur impacted 
sediments.	  A combination of water column MeHg production 
and MeHg flux from sediment porewaters led to high 
concentrations of dissolved MeHg in lake hypolimnia during 
summer months. Despite this MeHg production, there 
appeared to be limited net export of MeHg from the lakes, 
except for a brief period immediately following lake turnover 
in the fall. 
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Stable N isotopes provide insights into the factors shaping 

ecoystem and global N cycles, but their interpretation can 
depend on how 15N and N are modeled. Many analyses 
simplify ecosystems with a 2-box model representing plant and 
soil N and 15N pools without exploring the implications of this 
simplication, particularly for soils. Here, we examine an 
alternative formulation that separates soil N into two pools and 
treats plant N as an ephemeral flow at the timescale of interest. 
The revised model focuses attention on a pool of plant-derived 
free particulate organic matter (FPOM) in soil, and a second 
pool of mineral-associated organic matter (MAOM) stabilized 
following microbial processing of FPOM This separation into 
two pools is supported by diverse empirical data across soil 
aggregate size, density fractions, and soil depth, showing that 
mineral-associated organic matter (MAOM) displays 
characteristics associated with microbial processing and is 
enriched in 15N relative to plants and FPOM. We evaluate the 
revised model’s potential to better describe the global drivers 
of δ15N in response to climate and soil properties using an 
expanded global dataset of soil δ15N.  

By treating soil N as two functionally distinct pools, our 
model suggests that low soil δ15N values in wetter and cooler 
climates reflect high FPOM/MAOM ratios, with less microbial 
N processing. Because the revised model links most N losses 
to a fast plant-FPOM cycle (with lower δ15N values), it also 
explains high soil δ15N values in MAOM-dominated tropical 
soils without requiring enhanced gaseous N losses depleted in 
15N. Conclusions derived from the model therefore differ from 
previous global analyses. Perhaps most surprisingly, soil C and 
N pools of differing sensitivity to climate can thus be 
partitioned using δ15N, without depending on complex 
methods such as modelling 14C-derived soil C residence times. 
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Stalagmite oxygen isotopic composition is a result of the 

numerous potential isotopic fractionation processes between 
the surface to the stalagmite. Some processes have been the 
focus of significant research, such as the thin-film 
hydrogeochmistry of dripwater on a stalagmite cap [1]. In 
contrast, processes affecting infiltration water oxygen isotopic 
composition from soil to cave have received little attention.  

Here, we report on the first four years of experiments 
undertaken in a semi-arid environment. In 2010, we deployed 
the largest network of automated drip water loggers to 
understand infiltration water discharge characteristics [2]. 
From 2011 to 2013, we used this network to undertake drip 
water sampling, and used this data to constrain a model of the 
systematics of drip water oxygen isotope composition. From 
late 2013 we have commenced a series of artificial irrigation 
experiments, to understand oxygen isotope systematics at the 
scale of individual rainfall events.  

Our experiments and models demonstrate that at our semi-
arid site, water oxygen isotopic composition is likely to be 
fractionated at all stages of its movement from soil to cave, 
with water exfiltrating into the cave not reflecting the isotopic 
composition of surface precipitation. Moreover, our modelling 
approach identifies and quantifies the extent of oxygen isotope 
fractionation along the flow pathway, and permits the 
calibration of stalagmite oxygen isotope records from semi-
arid regions. 

 
[1] Deininger et al (2012) Geochim. Cosmochim. Acta, 96, 57-
79 [2] Jex et al (2012) Int. J. Speleo., 41, 285-298 
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The Darasun gold district, Transbaikal region comprises 

three deposits: Teremkyn, Talatui, and Darasun, where gold-
bearing quartz veins are hosted in metagabbro and granitoids. 
Tourmaline a common gangue constituent in these deposits is 
oxy-dravite, povondraite, dravite, and schorl. We report here 
B-isotope compositions of tourmaline from veins in 
metagabbro and K-rich granodiorite, as well as in a breccia 
pipe at the margin of granodiorite porphyry. The B-isotope 
composition of tourmalines from the Darasun goldfield as a 
whole covers a wide range from -15.7 to +11.2‰, with 
distinctive differences among the three deposits. The δ11B 
value in the Teremkyn tourmalines varies from -15.7 to 
+2.5‰. The inferred δ11B value of initial fluid at Teremkyn 
deposit is about -12‰, which suggests granitic rocks as the B 
source. However, mixing with isotopically heavy B from the 
local metagabbro, as suggested by the high Ca contents in 
tourmaline, is also possible. The δ11B value of tourmaline from 
Talatui is -5.2 to -0.9‰. Taking into account the fluid 
inclusion temperature in vein quartz (ca. 400°C), the inferred 
δ11B value of fluid (-2.5 to +2.2‰) suggests a B source from 
the host metagabbro. At Darasun, tourmaline from the breccia 
pipe (δ11B -6 to -5‰) is suggested to have precipitated from a 
10B-depleted, residual fluid derived from granitic rocks. The 
vein-hosted tourmaline I (δ11B -0.1 to +1.5‰) could have 
crystallized from a strongly fractionated residual fluid derived 
from granitic rocks, but mixing with gabbro-derived fluid 
probably occurred as well. The B-isotope composition of 
tourmaline II (-4.4 to -1.1‰) and III (-11.4‰), suggests an 
influx of a separate fluids. 
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The Nethravati-Gurupur River is a small tropical 
mountainous river fed by Indian southwest monsoon. The river 
basin lies on the metamorphic transition boundary separating 
Peninsular Gneiss from Southern Granulitic Province 
belonging to Archean and tertiary-quaternary period (Western 
Dharwar Craton) with granite gneisses, charnockites and meta-
sediments as major lithology. The total dissolved solid (TDS) 
concentration is relatively low (46 mg L-1) with silica being the 
dominant contributor. The concentrations of dissolved minor 
ions such as Al and Fe are higher compared to world river 
average. The major and minor elements in the basin are higher 
during base flow and lesser during peak flow season and the 
relationship can be explained by power law reduction function. 
The basin is characterized by lesser dissolved Sr concentration 
(avg. 150 µmol L-1) and more radiogenic 87Sr/86Sr isotopic 
ratios (avg. 0.72041 at outlet) than the average world river 
ratios (0.7119), which can be explained by the weathering of 
silicate rock minerals in the basin. The Sr concentration and 
87Sr/86Sr isotopic ratio correlates with silicate derived cations 
(corrected for atmospheric and carbonate contributions). The 
87Sr/86Sr isotopic ratio shows strong seasonal variation in the 
basin, i.e., radiogenic isotopes during dry season whereas less 
radiogenic values during peak flow season, which corresponds 
to bedrock mineral weathering during non-monsoon and 
secondary soil mineral weathering during monsoon. There is a 
clear seasonal shift in the source of stream water chemical 
composition; during non-monsoon the stream water is sourced 
from ground water which is in contact with the bedrock 
(weathering front) whereas during monsoon, the stream water 
chemical composition is sourced from the secondary minerals 
weathered from the regolith layer. The secondary soil mineral 
weathering leads to limited silicate cation and enhanced silica 
fluxes in the Nethravati river basin. 
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Reactive diffusion calculations were run to simulate 

storage of supercritical CO2 in a hypothetical reservoir at the 
sandstone/shale (ss/sh) interface at 348.15 K and 30 MPa. The 
shale functioned up to 2000 years as a low- permeable barrier 
(caprock), and the chemical reactions mostly occurred in the 
sandstone. In the second period (2000 – 4000 years), the CO2 
reactive transport begins to initiate the replacement of Mg-Fe 
chlorite by dolomite, ankerite and illite at the ss/sh interface. In 
the third period (4000 – 7500 years), this carbonation reaction 
in the shale led to complete closure of the porosity at the 
interface, sealing the reservoir and terminating further reaction. 
There were varied kinetic constants of feldspars and clay 
minerals. The reactive process in ss/sh contact is uppermost 
sensitive to the kinetic constants of kaolinite and illite. The 
increase in the kaolinite kinetic constant by 0.25, 0.5 and 1 
logarithmic units resulted in auto-sealing of sandstone 
reservoir because of the chlorite carbonation at ss/sh contact by 
4300, 650 and 107 years, respectively. The modeling output is 
useful in understanding the sustainability of CO2 storage in 
sandstone reservoirs beneath shale caprock. 
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The question of how free oxygen became available on the 

early Earth is still shrouded in uncertainty. Here we study 
processes that result in oxygen formation during simple 
weathering in an initially anoxic subsurface environment. 
Reactive Oxygen Species (ROS) are precursors to molecular 
oxygen during this process. Due to their toxicity they may 
have strongly influenced the evolution of life. A possible way 
out of this dilemma comes from a study of igneous and high-
grade metamorphic rocks, which indicates that a small but 
significant fraction of the oxygen anions in their minerals 
exists in the 1- state, forming peroxy links of the type O3Si-
OO-SiO3 [1,2]. Water hydrolyzes these peroxy links to 
hydrogen peroxide, H2O2. Another way to form ROS on the 
early Earth is iron sulphides such as pyrite [3].  

We propose that, despite an overall reducing or neutral 
oxidation state of the macroenvironment and the absence of 
free O2 in the atmosphere, microorganisms on the early Earth 
had to cope with ROS in their microenvironments. They were 
thus under evolutionary pressure to develop enzymatic and 
other defences against the potentially dangerous, even lethal 
effects of oxygen and ROS. As a result, microorganisms that 
attach themselves to mineral grains will be exposed to a 
constant trickle of ROS from the production of H2O2. Many 
different groups of microorganisms are able to grow or survive 
in the presence of ROS.  

 
[1] Freund F. (2002) J. Geodynamics 33, 543-570 [2] Balk et 
al (2009) Earth and Planetary Science Letters 283, 87-92 [3] 
Borda M. et al (2001) Astrobiology 1(3), 283-288 
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The combination of new sample resources, such as 

volcanic carbon dioxide deep gas fields, in conjunction with 
the availability of multi-collector mass spectrometery in the 
noble gas community, has recently led to a significant advance 
in determining the noble gas composition in the Earth’s 
mantle.  

High precision Ne, Kr and Xe isotopes now resolve the 
question of whether the Earth’s mantle aquired its primordial 
volatile content from the equilibration of a magma ocean with 
a solar nebula atmosphere or whether these volatiles were 
brought to the Earth as trapped constituents in meteorites. This 
distinction is fundamental in determining the processes 
controlling planetary volatile aquisition. Comparison of these 
mantle components with the modern atmosphere allows us to 
form a view on the role the mantle, and by proxy the 
accretionary sources providing the mantle volatiles, has played 
in forming the early atmosphere. Data points to a yet later 
volatile addition to the Earth to form the atmosphere.  

It has been speculated that, for species as incompatible as 
the noble gases, there is an effective subduction barrier 
preventing these gases from contributing significantly to the 
convecting mantle system. On the contrary, the new data 
suggests that there has been a significant atmosphere-overprint 
of the convecting mantle accretionary volatiles to provide a 
new and sensitive tool for tracking associated volatile 
recycling within the dynamic deep Earth. 

Heavy halogen (Cl, Br, I) abundance can be determined in 
samples through neutron irradiation and analysis of the 
resulting unique noble gas isotopes to provide data that 
complements the noble gases [1]. These provide a unique 
insight into the mechanisms that control halogen composition 
of evolving planetary bodies [2]; the controlls on the 
distribution of halogens within subducting material [3]; and, 
with new partitioning behaviour of halogens during melting 
[4], show the processes that determine whether and how these 
exhibit on return to the Earth’s surface [5]. Together the noble 
gas and halogens are providing the observational foundation 
for building a new picture of Earth volatile acquisition, 
distribution and evolution. 

 
[1] Ruzie et al, 8d Mon, Broadley et al, 8d Mon [2] Clay et al, 
02b Thurs [3] Chavrit et al, 05d, Wed [4] Joachim et al, 05e 
Tues, 08e Tues [5] Broadley et al, 04b Fri, Chavrit et al, 08a 
Mon 
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It is generally accepted that vascular plants drive mineral 

weathering to obtain nutrients. These processes are believed to 
have affected global climate and the chemistry of the oceans 
and atmosphere on geologic timescales, and to confer plants’ 
ability to grow under stresses such as cation-nutrient 
limitation. However, it is still poorly understood how plant-
driven mineral weathering is affected by varying degrees of 
cation stress.  

We investigated the impact of cation-nutrient stress on 
plant uptake of K and Ca in a controlled experimental plant-
mineral system [1]. Red pine (Pinus resinosa Ait.) seedlings 
were grown in columns containing sand medium amended with 
biotite and anorthite and supplied with varying concentrations 
of Ca and K in irrigation water. A subset of the columns were 
destructively sampled at 3, 6 and 9 months and mineral 
surfaces were analyzed using election microscopy and 
spectroscopy techniques. Based on cation concentrations in 
drainage water, nutrient solutions, and plant biomass, cation 
mass-fluxes were computed in the columns. 

Microscopy revealed patchy biofilm formation, alteration 
of the crystal structure at the biofilm-mineral interface on 
biotite, lack of mycorrhizal associates and indicated that as Ca 
and K concentrations increased in solution, biofilm cover 
decreased and bacteria colonies became less diverse. Drainage 
pH decreased to about 4 after 6 weeks and remained low for 
rest of the experiment. The release of cations was strongly 
correlated to the water pH, and cation mass fluxes were 
correlated with cation nutrient supply from irrigation water. 
Our results highlight the complexity of plant response to 
cation-nutrient stress and consequent effects on nutrient 
cycling in ecosystems. 
 
[1] Shi Z. et al (2014) Plant and Soil in press.  
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Martian igneous rocks provide our best window into the 
compositional evolution of the martian mantle. The best-
known martian igneous rocks are the martian meteorites; 
including the shergottites which represent tholeiitic magmas in 
various states of crystallization and several cumulate rocks. 
The shergotittes represent some of the youngest magmas on 
Mars; however, it has been difficult to place these rocks into a 
proper martian geologic context. Rovers on the martian surface 
have located mostly alkaline igneous rocks that do not match 
the shergottites in composition, and spacecraft-based 
measurements suggest that the youngest volcanoes do not 
match the shergottites in bulk-rock composition or mineralogy. 
Notably, the volcanoes are SiO2-poor and Th (and 
incompatible-element)-enriched relative to the shergottites. 

Previous models for martian magmatic evolution suggested 
highly-oxidized sources or gradually thickening crust with 
time; however, these models fail to simultaneously explain the 
chemistry and geologic context of both the shergottites and 
rocks on the martian surface. We propose instead that volatile 
elements drive martian magma composition changes through 
time, supplemented by interactions with enriched reservoirs.  

If significant quantities of water were retained in the 
martian mantle after accretion, it would lead to widespread 
magmatism early in the planet’s history, possibly associated 
with post-magma-ocean overturn events. This magmatism 
would build much of the martian crust out of hydrous magmas 
and is consistent with 4.1 ga meteorite ALH84001 and the 
observation of hydrous differentiation trends in igneous rocks 
from Gusev and Gale crater. As the martian mantle 
dehydrated, melting would localize to hotspots where 
temperatures were sufficient to continue magmatism. Younger 
magmas, such as the Tharsis and Elysium volcanoes, would 
become gradually depleted in SiO2 and also more likely to be 
contaminated by Mars’s crust, as has been proposed for the 
parent magma of the nakhlite and chassignite meteorites. 
Rocks such as the recent shergottites would be generated by 
melting of primordial, hydrated mantle material similar to the 
source of ALH84001, as suggested by isotopic links between 
ALH84001 and the enriched shergottites. 
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EU Directive 2008/50/EC on ‘Ambient Air Quality and 

Cleaner Air for Europe’ adopted by the European Parliament 
and the European Council stated about a negative effect of 
pollution on humans, animals and plants, as well as about the 
need for monitoring aerogenic pollutants not only at the 
continuous monitoring stations but also by using indication 
methods, i.e. by studying natural deposit media. The problem 
of determining the relationship between the accumulation level 
of pollutants in a deposit medium and the level of air pollution 
and its risks is constantly growing in importance. 

The study presents a comprehensive analysis of the 
response of the main four deposit media, i.e. snow cover, soil, 
pine bark and epigeic mosses, to the long-term pollution by 
aerogenic metals which can be observed in the area of oil 
refinery influence. Based on the quantitative expressions of the 
amounts of the accumulated pollutants in the deposit media, 
the territory of investigation – the oil refinery – has been 
referred to the areas of mild or moderate pollution.  

It means that the air pollution level of the territory 
threatens natural functioning of the studied media. In other 
words, the aerogenic load of the analyzed dangerous 
components on the considered territory (primarily, the load of 
heavy metals) exceeds natural self-cleaning capacity of the 
deposit media (anthropogenic load>natural self-cleaning). 
Therefore, there is an inequality between the anthropogenic 
load and the processes of self-cleaning, and the balance is 
disturbed [1].  
 
[1] Baltrėnaitė, Baltrėnas, Lietuvninkas, Šerevičienė, Zuokaitė 
(2014) Environ Sci Pollut Res 21, 299–313 
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The Williston Basin arguably contains the richest 
terrestrial record of faunal, floral, and paleoenvironmental 
change across the Cretaceous-Paleogene boundary. The fluvial 
Hell Creek (mostly Cretaceous) and Tullock (mostly 
Paleocene) formations contain dinosaur and mammalian fossil 
records, as well as coal beds that preserve distinct ash layers. 
These coal beds have been used to define a regional 
stratigraphy, however, the depositional heterogeneity implicit 
in fluvial environments makes lateral correlations difficult. A 
relative chronostratigraphic scheme based on coal beds has 
been employed for decades but is problematic because 
assumptions of lateral continuity and time-correlativity are 
unproven in many cases and demonstrably incorrect in some. 
Virtually all of the coal beds, however, preserve volcanic ashes 
that can be used as a chronostratigraphic scheme and for 
regional correlations. 

More than 40 distinct ashes have been identified in the 
~200 m composite thickness of these two formations. The 
ashes are commonly less than 1 cm thick and as many as 
eighteen have been found in a single ~1.5 m coal bed. The 
ashes thus provide a robust basis for high-resolution regional 
correlations. Original glass shards in the ashes are ubiquitously 
altered to clays, hence conventional tephrochemical 
characterization is impossible. Instead we are performing 
electron microprobe analysis of feldspar and titanite, using 
major and selected trace elements. Phase compositional data 
are subjected to principal component analysis (PCA) and 
combined with geochronological data, phase presence/absence 
data, paleomagnetic polarity, and relative stratigraphic position 
to yield a matrix that allows discrimination of many of these 
ashes. The resulting chronostratigraphy will enable regional 
correlations with age resolution better than the ~10 ka best 
case afforded by 40Ar/39Ar dating. Results thus far clearly show 
that correlations of individual ashes over distances of tens of 
km between isolated outcrops is possible. 
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The mid-Proterozoic Vindhyan Basin of India comprises a 
~4km thick pile of unmetamorphosed sediments deposited 
between ~1630 Ma and 550 Ma [c.f. 1,2]. These sediments 
provide valuable information on the tectono-magmatic 
evolution of the continental crust through time and 
specifically, that of peninsular India [3]. Prominent Archean 
and Proterozoic orogenic belts border the Vindhyan basin to its 
west, south and east. The centrally-located Archean 
Bundelkhand granite massif divides the basin into two: the Son 
valley Vindhyan to the east and the Aravalli/Rajasthan–
Vindhyan to the west. Trace element and Nd isotopic 
composition of Son-valley sediments indicate derivation from 
an Andean-type arc that existed south of this basin [3]. In this 
study, we investigate the provenance of the Vindhyan 
sediments from Rajasthan which are thought to be correlated 
with the Son valley sediments based on their sedimentological 
parameters and relative stratigraphy. However, C and Sr 
isotopic compositions of carbonate horizons in the two sub-
basins show differences [4]. To investigate the stratigraphic 
correlation between the two sub-basins further, we have 
measured trace element compositions of both siliciclastic and 
carbonate horizons of the Aravalli-Vindhyan sub-basin and 
compared it with that of type-region [3] in the Son valley. Our 
trace element data from the sandstones and shales are 
consistent with other published data [5,6]. Compared to their 
Son-valley 'counterparts', carbonates from the Aravalli-
Vindhyans show relatively low REE concentrations while 
sandstones and shales show higher REE concentrations; 
Aravalli-Vindhyan sediments also show more fractioned REE 
(La/Lu(N)) and higher Th/U, the former indicating a different 
sediment provenance. To better evaluate the provenance of 
these sediments, Nd isotopes will be measured in Aravalli-
Vindhyan samples and compared with available data [3] from 
the Son-valley Vindhyans. 
 
[1] Ray et al (2002) Geol. 30, 131-134 [2] Malone et al (2008) 
Precamb. Res. 164, 137-159 [3] Chakrabarti et al (2007) 
Precamb. Res. 159, 260-274 [4] Ray et al (2003) Precamb. 
Res. 121, 103-140 [5] Raza et al (2010) Jour, Asian. Ear. Sci. 
39, 51-61 [6] Raza et al (2012) Jour, Asian. Ear. Sci. 48, 160-
172 
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Eocene period marks an event of extreme warmth as 

recorded in the continental and marine sequences worldwide 
{1,2}. Position of Indian Plate near to the equator during PE 
provides a unique opportunity to understand the Eocene 
climate. Two previous studies {3,4} from a continental 
sedimentary succession from India addressed appearance or 
dispersal of terrestrial fauna (mainly mammals) and the nature 
of extreme climate condition. In the present study equivalent 
strata, 120 m thickness was investigated, where four negative 
carbon isotope excursion (CIE) were demarcated at unequal 
intervals. The maximum negative value was observed in the 
sample originating below the mammal layer (ML), while the 
position of other three excursions were above the ML; 
consistent with earlier work (3,4). Eocene pCO2 maxima 
calculated was 800 ppm. following the empirical relationship 
given elsewhere (5) assuming -6.2‰ as δ13C of atmospheric 
CO2 (6). An autochthonous shallow water species of mollusk, 
Ceaostocorbula sp. was collected close to the layer with CIE. 
Clumped isotope analyses of growth bands formed during 
early ontogenetic stage suggest temperature variability of 16°C 
(Δ47 = 0.69) to 32°C (Δ47= 0.61) whereas later ontogenetic 
stages recorded a temperature variability from 26.4°C (Δ47= 
0.64) to 45°C (Δ47= 0.56). Salinity, deduced applying the 
modern day Salinity vs δ18Oseawater linear relationship (7) 
showed evidence of fresh water discharge during the winter 
time indicating intensification of north easterlies during early 
Eocene.  

 
[1] Koch et al (1992), Nature 358 [2] Zachos et al (2001), 
Science 308 [3]) Clementz et al (2011), Geology 39 [4] 
Samanta et al (2013) JESS 122 [5] Schubert and Jharen(2012), 
GCA 96, [6] Grein et al (2006), Palaeodiversity 3 [7] 
Leegrande and Schimdt, (2006), GRL 33 
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Crystal growth often occurs by a combination of 
mechanisms. For example, oriented attachment is a particle 
mediated crystal growth mechanism, but experimental data 
consistently demonstrate that crystals concomitantly grow by 
dissolution and reprecipitation. Predicting the nature and rate 
of nucleation of fundamental building block particles as well 
as predicting how a system will evolve once precipitation 
occurs is an ongoing challenge in understanding particle 
mediated crystal formation and growth. Initial and/or 
intermediate phases form on the basis of more favorable 
kinetics, while the trajectory of stages is governed by 
thermodynamics. An important consideration is that 
nanoparticle structure is not static; it changes in response to the 
environment. Thus, the dominant growth mechanisms are 
expected to be exquisitely sensitive to conditions such as pH; 
ionic strength; solubility; the presence of passivating agents, 
chelating agents, or macromolecules; and more. Particle-
particle interactions will be sensitive to both the nature of the 
precursor phases as well as their environment. For example, 
surface charge may be homogeneously distributed over an 
amorphous precursor particle but heterogeneously distributed 
over a nanocrystal. A wholistic suite of characterization 
techniques is essential to elucidating the dominant mechanisms 
by which crystals form. There is a critical need to identify 
which physical characteristics could indicate whether crystals 
formed predominantly by monomer-by-monomer or by  
particle mediated mechanisms. Direct imaging, scattering, 
spectroscopy, and data tracking the kinetics of crystal growth 
can be combined to provide robust datasets that enable 
elucidation of the dominant crystal growth mechanisms. 
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Despite dramatic progress in microbiology over the past 

decades, vast knowledge gaps remain concerning the extent of 
diversity and functional capacities of organisms within the 
Domains Bacteria and Archaea. Also of particular note is a 
lack of information about the biology of subsurface 
environments, especially sediments, in part due to sample 
complexity and challenges associated with sample recovery. 
Further, subsurface enrichment in microbial members of 
candidate phyla (CP), which lack even a single cultivated 
representative, has prevented a comprehensive assessment of 
biogeochemical processes. In research carried out in an aquifer 
adjacent to the Colorado River in Rifle, CO, our team is 
combining geochemical measurements and time/depth series 
sampling with high-throughput metagenomic sequencing of 
whole community DNA, to link environmental processes with 
predictions of microbial metabolic potential. Importantly, even 
very low abundance members (below 0.1% abundance level) 
of highly complex communities containing thousands of 
species are included in this metabolic analysis. Striking 
findings include overall genetic novelty, prevalance of bacteria 
and archaea from CP and from phyla not recognized 
previously, and, within the CP from two domains of life, the 
predominance of fermentation-based metabolisms, likely 
symbiosis-based lifestyles, small cells, and small genomes. 
Data integration enables development of models that describe 
the flow of carbon through the communities, and can identify 
linkages between specific organisms and numerous 
biogeochemical cycles.  
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Sichuan Basin is located in southwestern China. There are 

three sets of source rocks: Doushantuo Formation (Z2d), the 
third member of Dengying Formation(Z2dn3) and Qiongzhusi 
Formation(Є1q) in Cambrian and Sinian system. So far, Є1q 
source rock has been considered as the main contributor to the 
Paleozoic and Sinian gas reservoirs，but the other two sets of 
source rocks are rarely mentioned. The purpose of this paper is 
to study if these two sets of source rocks have contributed to 
the overlying strata. 

In the recent analysis of the field outcrop observation and 
outcrop samples show that these source rocks are better in 
organic matter abundance, organic matter types and thermal 
evolution. And also, a large number of bitumen are found in 
the second member of Dengying Formation (Z2dn2 ) from a 
large number of well cores in central Sichuan. Vertically, 
source rocks of Z2d, with Z2dn3 and Є1q successively 
overlying it. So Z2d source rock is likely an important 
contributor to these ancient reservoirs bitumen. 

Further studies focus on bitment-source correlation. 
Studies have shown that the traditional comparison method has 
been difficult to effectively complete this task. So the 
mathematical cluster analysis of statistical analysis is used to 
this paper. geochemical Indicators involved 25 including 
C27diasterane/C27sterane, C2920S/(20S+20R), tricyclic 
terpane/17 α (H)-hopanoid, sterane /17 α - hopanoid, 
oleanane/C30(hopanoid+moretane) etc. The amount of bitumen 
samples is 20 and that of source rock samples is 27. The results 
indicate that the similarity coefficient of bitumen and source 
rocks is 0.905. It is possible to infer that the bitumen in Z2dn2 
of central Sichuan came from Doushantuo Fromation source 
rocks. This study proved that Z2d source rock is also important 
in Sichuan basin. Researchers should break through the 
traditional understanding and also given enough attention to 
the other two source rocks. 



 Goldschmidt2014 Abstracts  

 

116 

116 

Global Assesment of Aerosol – Ice 
Cloud Interactions with the NASA 
Goddard Earth Observing System 

(GEOS-5) 
DONIFAN BARAHONA1*, ANDREA MOLOD1,2, 

ATHANASIOS NENES3 AND VAUGHAN PHILLIPS4 
1Global Modeling and Assimmilation office, NASA Goddard 

Space Flight Center, Greenbeld, MD, USA 
(*correspondence: donifan.o.barahona@nasa.gov)  

2University of Maryland. College park, MD, USA 
3School of Earth and Atmospheric Sciences, Georgia Institute 

of Technology, Atlanta, GA, USA 
4School of Earth and Environment, University of Leeds, Leeds, 

UK 
 

The interaction between aerosol and clouds plays an 
important role in many climate processes. Representation of 
such processes in climate models requires the coupling of 
aerosol activation and ice nucleation parameterizations with 
sophisticated cloud schemes. These schemes link cloud 
properties, i.e., cloud particle number and effective size, 
condensate amount and cloud fraction, to formation conditions 
and aerosol characteristics. In this talk the representation of 
aerosol cloud interactions within climate models is discussed. 
Emphasis is placed on the recent implementation of a two 
moment cloud microphysics scheme within the NASA 
Goddard Earth Observing System (GEOS-5) model. Using 
GEOS-5 the role of dust and soot acting as ice forming agents 
within stratiform and convective clouds is studied. Globally, 
dust is identified as the dominant ice nuclei, whereas soot may 
influence ice cloud formation and precipitation in polluted 
regions. It is shown that in agreement with satellite retrievals, 
dust determines to great extent the freezing level of mixed-
phase clouds. The effect of dust and soot ice nuclei on the 
overall aerosol indirect effect on climate is analyzed.  
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Dissolved organic matter (DOM) mineralization is a key 
determinants of global biogeochemical cycles of carbon and 
nitrogen, however, the chemical composition of DOC and the 
mineralization of these components by specific soil bacteria 
are poorly understood. Mass spectrometry based metabolomic 
methods have the potential to resolve these chemical 
components and link their cyling to specific soil microbes. 

Liquid chromatography coupled to tandem mass 
spectrometry was used to perform untargeted DOC metabolite 
profiling of cell extracts and spent media of key soil bacterial 
isolates to characterize metabolites produced or released by 
these strains. Selected individual isolates were cultured in 
complex media and metabolite profiles of spent media were 
compared to metabolite profiles of control media to detect 
uptake or release of metabolites. Metabolite extracts of studied 
isolates or metabolite extracts of authentic soil were used as 
supplements in complex media to include previously 
uncharacterized metabolites which may be relevant under 
environmental conditions.  

Our soil metabolomics methods detected hundreds of 
metabolites from soils frow which we identified a set of 
metabolites, including disaccharides, that were uptaken by 
essentially all studied isolates (e.g. Bacillus, Arthrobacter, 
Methylobacterium, Bacillus, Bosea, Modestobacter) 
suggesting a potential competition for these compounds in the 
soil. Beyond these few metabolites, the individual heterotrophs 
examined showed specialization towards specific metabolites. 
Surprisingly, many of the most abundant oligosaccharides and 
other metabolites were ignored by these isolates. This 
observation that soil heterotrophs target specific DOC 
components is counter to conventional thinking of soil 
heterotrophs as ‘generalists’. Rather it may be that 
heterotrophs are highly specialized to use specific metabolites 
and DOC composition may play a significant role in 
determining community structure. Therefore, the observed 
complexity of soil DOC composition may explain some 
portion of the tremendous diversity of soil microbes.  
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Crystal ages for crystal-rich rhyolitic lava domes that 
erupted in the wake of the enormous (>2800 km³), 74 ka 
Youngest Toba Tuff (YTT) eruption in Indonesia reveal an 
enigmatic geologic and petrologic story. The domes erupted 
along faults associated with the resurgent uplift of Samosir 
Island that was in progress at 30 ka [1]. Sanidine 40Ar/39Ar 
dates, however, suggest a YTT eruption age for the lava domes 
[2]. In order to investigate magma evolution in the interval 
between the YTT and rhyolite dome eruptions, we obtained 
238U-230Th disequilibrium dates for dome zircon and allanite 
rims. SIMS analyses were performed on unpolished rims, as 
well as sectioned allanite containing untruncated near-rim 
zoning and adhering glass. Model ages show an absence of 
detectable <74 ka zircon and allanite growth and rather closely 
mimic those of YTT crystal rims [3], thus suggesting the 
domes may be remobilized remnant YTT magma. Zircon and 
allanite rim growth near 74 ka for both the YTT and domes is 
also insignificant. Either dome zircon and allanite were 
dominantly isolated from melt, or magma conditions were 
unfavorable for their crystallization. The frequent occurrence 
of zircon and allanite within crystal clots or other minerals 
may, for example, have precluded younger growth; and 
intensely resorbed quartz with bright CL rims and allanite 
resorption textures may support a reheating event prior to lava 
dome eruption. Efforts to establish the relations between 
crystallization, magma mobilization, and eruption are 
continuing. 

 
[1] Chesner et al (2013) AGU abs. V33A-2833. [2] Chesner et 
al (2000) GSA abs. 3, 502. [3] Vazquez and Reid (2004) 
Science 305, 991-994 unpublished data.  
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Current knowledge regarding the complex nature of 

sediment organic matter (OM) has been obtained using bulk 
sediment extractions followed by a variety of characterization 
techniques and molecular biomarkers. These extraction 
procedures create artifacts, selectively removing specific 
organic macromolecules, potentially masking many of the fine 
details required to properly understand the OM preservation 
mechanisms occuring within sediments. Here, nano-scale 
Scanning Transmission X-ray Microscopy (STXM) was used 
to characterize OM moeities found in marine and lacustrine 
sediments from a variety of depositional settings. These 
analyses allow better understanding the mechanisms 
responsible for the selective preservation of the small fraction 
of OM which survives degradation in the water column and 
depostion at the sediment water interface.  

Near Edge X-ray Absorption Fine Structure (NEXAFS) 
spectra were collected at the C and N K-edge and the Fe L3,2 
edge for intact sediment particles. Our goal was not only to 
characterize the nature of the OM but also to compare the 
functionalities co-localized to the sediment mineral matrix, 
specifically with iron oxides. In all studied samples the 
presence of iron co-localized OM was widespread with similar 
functionalities being seen across samples from similar 
depositional settings. Specifically the presence of carboxylic, 
aliphatic and aromatic functionalities were primarily matrix 
associated while peptidic moeities were present as both matrix 
associated and unassociated. Although positive identification 
of individual peaks using C-1s spectra can be difficult, the use 
of a dual element approach (N in this case) it is possible to 
narrow down the identity of the preserved OM functionalities, 
giving us more information regarding the preservative bonding 
mechanisms occuring between OM and sediment particles. 
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As evidenced in previous works (Barbero et al., 2013), the 

ochre precipitates resulting from acid mine drainage processes 
play a key role for explaining the high 234U/238U ratios found in 
the resulting acidic waters. A series of leaching experiments 
have been performed in a río Tinto bedrock ochre sediment 
after separating five different size fractions. U concentration 
and 234U/238U ratios in the original sample were determined 
after total dissolution using HF and HNO3 mixture. Results 
indicate that, for this particular sample, U is more abundant in 
the <125 microns fraction (5-6 ng/L) compared to the coarse 
fraction (around 3ng/L). 234U/238U ratios are very close to 1 in 
all size fractions, indicating a high detrital component (country 
rocks are Devonian rhyolites) which is also evidenced by the 
high proportion of quartz. Each size fraction was initially 
leached with 0.1M sulfuric acid. In the resulting leachates U 
concentrations are in the range of 0.23 to 0.44 ng/L and 
234U/238U ratios between 5.6 and 6.8, showing no variation 
between different grain size in the original material. Residues 
after 0.1M sulfuric leaching were partially dissolved using a 
mixture of HClO4+HNO3 and aqua reggia in one case, and HF 
and HNO3 mixture for total dissollution in a second case. U 
concentration after partial dissolution of the residues are 
always < 2ng/L, the lowest values ocurring in the residues with 
grains sizes <125 microns. 234U/238U in this case is the range 
4.6 to 5.1. In the case of total dissolution of the residue, the 
resulting U concentration and 234U/238U ratios are both very 
close to the values in the original material. These experimental 
results show that 234U/238U ratio in the leachates is not afected 
by the extent of dissolution, neither by the grain size of the 
initial material. 
 
[1] Barbero, L., Ketterer, M., Baskaran, M., Hierro, A., 
Bolívar, J. P. & Casas-Ruiz, M. (2013): U behaviour under 
acid mine drainage conditions: preliminary results form an 
experimental approach in Río Tinto area (Spain). 
Mineralogical Magazine, v. 77, pp 655. 
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The 40Ar-39Ar technique has the potential to be the most 

accurate method of directly dating obsidian, but poses a 
number of technical problems centered on the incorporation of 
trapped gases. Trapped (non-radiogenic) argon can be >95% 
the total gas budget, leading to large 40Ar* corrections. Step-
heating of samples ‘un-mixes’ radiogenic and trapped 
components and relies on the variable degassing temperatures 
of different phases. In contrast, glasses are structurally uniform 
and therefore gases trapped in obsidian glass can be difficult to 
un-mix. Emplacement processes may fractionate the trapped 
components (air argon and/or magmatic argon). These features 
can individually or in concert lead to significant imprecision in 
age determination [1]. 

The Big Obsidian Flow (BOF) is well exposed along the 
southern rim of the Newberry Caldera, covers approximately 3 
km2 and consists of distinct flow lobes. Carbon-14 dating of an 
underlying ash flow places the age of the BOF at ≤1310 years. 
We have sampled at the middle and ends of two flow lobes and 
at the vent, with various textures selected at each site. Each 
sample was sectioned for two ~ 1x1x0.3 cm chips, adjacent to 
each other. One chip was irradiated; both un-irradiated and 
irradiated chips were analysed by CO2 laser step heating and 
argon was measured on an ARGUS V multi-collector 
instrument. 

Two irradiated chips yielded results consistent with the 14C 
age; a composite plateau age of 0±20 ka (MSWD=0.61, 
p=0.88, n=18, 2σ). Other samples had high contents of trapped 
argon and did not yield sensible age information. Un-irradiated 
samples are dominated by 40Ar/36Ar and 38Ar/36Ar of 
atmospheric composition, but subsequent post-heating blanks 
reveal enrichment of 38Ar and 36Ar that can be explained by 
hydrocarbon contamination. Hydrocarbons are sourced in the 
cooling samples, rather than the extraction line, providing an 
explanation for sub-atmospheric 40Ar/36Ar observed in some 
volcanic glasses. 

 
[1] Morgan et al (2009) Quaternary Geochronology 4, 193–
203 
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The Nasca culture developed during the first millinium AD 
and is known for its decorated polychrome pots. The vivid red 
and black colors result from firing of iron oxides presumably 
mined from local ores. Very little is known about the details of 
Nasca pigment production, but iron oxide mining is known to 
have occurred regionally on a fairly large scale. We present 
three complementary Fe isotope studies on; 1. Red and black 
pigments from Nasca pottery, 2. Local iron ore samples and 3. 
fired hematite applied to a clay substrate with known pre-fired 
Fe isotope compositions. The iron was seperated by ion 
chromatography and analyzed by MC-ICPMS in high-
resolution mode using sample-std bracketing. The red and 
black pigments are characterized by distinct but different 
ranges in iron isotope compositions (δ56Fe 0.15 – 0.55‰ and 
δ56Fe -0.3 – -0.05‰, respectively). Firing hematite in oxidizing 
and reducing atmospheres on a clay substrate with significantly 
lower δ56Fe resulted in no changes for δ56Fe of the hematite. 
We therefore relate the δ56Fe difference for the red and black 
pigments to mineralogical differences in the fired iron oxide 
material (e.g. two black pigments contained magnetite) or to a 
different hematite source. Relative to samples collected in the 
ancient mine at Mina Primavera, the red and in particular the 
black pigments have distinctly lighter δ56Fe. The Mina 
Primavera samples are therefore not likely candidates for the 
Nasca red and black pigments, but have δ56Fe corresponding to 
a hematite powder (~’paint’) found in an ancient grave in the 
civic-ceremonial center Cahuachi. More sampling is needed to 
characterize intra-ore variations, but if large isotopic ranges 
exist for all iron ores on a small scale such as those reported by 
e.g. Makl et al. (2006) for iron ore minerals in the 
Schwartzwald region, SW Germany, it remains a mystery how 
potters came to select narrow (and different) suites for their red 
and black pigment production.  
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Manipulating the subsurface redox status of uranium has 
been proposed as an in-situ bioremediation strategy. Recent 
evidence suggests that biologically driven redox reactions in 
organic-rich sediments play major roles in maintaining 
uranium groundwater plumes in the upper Colorado River 
basin (U.S.A.). The speciation of uranium in these systems is 
poorly constrained but critical to predicting uranium fate and 
transport. Moreover, it is necessary to understand how 
biogeochemical cycles of other elements, including C, N, Fe, 
and S couple to those of uranium. 

The SLAC SFA program has investigated reduced 
uranium, carbon, sulfur, and iron species at molecular to pore 
scales in-situ in the biostimulated aquifer and in sediments 
from organic-rich naturally-reduced zones (NRZs) at the U.S. 
Department of Enery’s Rifle, CO field site. The purposes of 
this work are to constrain uranium speciation, understand the 
coupling of C, N, Fe, S and U redox cycles, and to characterize 
biogeochemical interactions between NRZs and the 
surrounding aquifer. 

This talk will compare and contrast artificially and 
naturally bioreduced sediment systems. The rate and extent of 
uranium reduction appears to be closely tied to sulfur 
reduction. A coupled biological-abiotic process model will be 
discussed to account for the relative abundance of non-
crystalline forms of U(IV) in both systems. It will be shown 
that aquifer-NRZ interfaces are biogeochemical hot spots that 
likely facilitate uranium resupply to aquifers. 
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Carbonate associated sulfate (CAS) is structurally bound 
sulfate found in carbonate minerals of biological and chemical 
origin. Modern biogenic carbonates taken from sites around 
the world host CAS, which displays sulfur isotope ratios 
similar to modern seawater (δ34S = 21‰ CDT) [1,2], 
suggesting that CAS may faithfully record the δ34S of the 
seawater from which the carbonates precipitated. As such, 
CAS has proven valuable in providing near-continuous proxy 
records of seawater sulfate,  δ34S, especially during periods in 
which no sulfate evaporites have been preserved [e.g., 1,3,4]. 
However, despite this evidence, and the wide use of CAS as a 
proxy of seawater sulfate, the reliability of the pre-diagenentic 
isotopic record in CAS has not been verified experimentally. 
Whether chemical precipitation alone might fractionate the 
isotopes of sulfur, thereby complicating the interpretation of 
CAS records, is still unknown. 

We experimentally related the concentration and isotopic 
composition of sulfate within chemically precipitated calcium 
carbonate to those of aqueous sulfate in the carbonates’ parent 
solution. We dissolved sulfate-free calcium carbonate in stirred 
solutions containing between 100 μM and 40 mM sulfate by 
raising the partial pressure of CO2 (pCO2) in a sealed 
glovebox, thereby decreasing the solutions’ pH. We 
reprecipitated the calcium carbonate under near-equilibrium 
conditions by allowing the CO2 to diffusively exchange with 
the air outside the glovebox through a small opening. Aqueous 
sulfate and CAS concentrations were measured by ion 
chromatography, and sulfur isotope ratios were measured by 
high-resolution, multi-collector ICPMS [5]. 

The results of this study are central for the validation and 
calibration of CAS, a widely used method for reconstructing 
the history of sulfur isotope ratios in seawater sulfate. 

 
[1] Kampschulte et al (2001), Chem. Geol. 175, 149-173 [2] 
Burdett et al (1898) Earth Planet. Sci. Lett. 94, 189–198 [3] 
Jamieson et al. (2012), Nature Geosci. 6, 61-64 [4] Hurtgen et 
al (2004), GSA Special Paper 379 [5] Paris et al (2013) Chem. 
Geol. 345, 50–61 
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Introduction 

Hot springs may contain elevated mercury (Hg) derived 
from reductive dissolution of subsurface crust-bearing minerals 
that surfaces as gaseous and dissolved Hg(0) [1]. While Hg(0) 
rapidly vents to the atmosphere, there is indirect evidence 
suggesting active oxidation of Hg(0) to the more toxic Hg(II) 
form within these systems[2,3]. To better understand the fate 
of Hg in sulfidic geothermal systems, we investigated the 
interactions between inorganic Hg and precipitated solid 
phases supporting active microbial communities from Beowulf 
Spring (zone 12; easting 522855, northing 4953165), an acidic 
hot spring in Yellowstone National Park (YNP), USA.  
erials and Methods  
Samples of precipitated sulfur and iron were collected from 
thesulfide and iron oxidation zones of the spring and incubated 
in the laboratory with radioactive 203Hg(0) or 203HgCl2 in 
filtered site water at in-situ temperatures. The filtration 
orcentrifugation was determined by liquid amount of 203Hg 
bound to the solid phase recovered by scintillation 
countingResults and Discussion 

Precipitated solids of sulfur and iron bound significantly 
more Hg(II) than Hg(0) (p=0.0017 to 0.04), indicating that 
microorganisms associated with the solids are more likely to 
encounter the toxic and bioavailable Hg(II) as a result ofHg(0) 
oxidation, throughphotochemical reactions [4facilitating Hg 
biogeochemical cycling in the spring. 

 
 S oxidation zone (ng 

Hg/mg precipitate) 
Fe oxidation zone 

(ng Hg/mg precipitate) 
 Hg(0) Hg(II) Hg(0) Hg(II) 
Fil 0.1±0.0 6.2±1.1 0.23±0.06 4.6±2.5 
Cen 0.04±0.01 2.9±0.0 0.55±0.56 2.1±0.5 

 
Table1: Hg bound to precipitated solids from different zones 
in the spring. Fil=filtered samples; Cen=centrifuged samples.  
 
[1] Vaerkamp & Busck (1984) GCA 48, 177-185 [2] Wang et 
al, (2011), Microb-Ecol. 62, 732-752 [3] Boyd et al (2009) 
Environ. Microbiol. 11, 950-959 [4] Lalonde et al, (2001) 
ES&T 35, 1367-1372 
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The processes that follow supereruptions are less fully 
documented than those which lead to such large events. In 
particular, how and over what time scales the overall magma 
system moves into a post-caldera mode of recovery provides 
important clues to the dynamics of such systems. The 530 km3 
Oruanui eruption (Taupo, New Zealand), is the world's 
youngest (25.4 ka) supereruption. Following this event, and 
after only ~5 kyr of quiescence, Taupo erupted three small 
volume (~0.1 km3) dacitic pyroclastic units, followed by 
another ~5 kyr year time break, and then eruption of the 
modern sequence of 25 rhyolitic units starting at 12 ka. 
Taupo's young eruptive units are stratigraphically constrained 
over short time intervals, providing fine-scale temporal 
snapshots of the post-supereruption magma system. Here we 
present major and trace element bulk rock, glass and mineral 
chemistry, along with U/Th model-age dating of zircons from 
pumices from the post-Oruanui dacites and rhyolites to 
investigate how Taupo's magma system re-established and 
evolved. Immediately after the Oruanui eruption, Taupo's 
magma system underwent significant heating. Dacite units 
show wide variations in melt inclusion compositions and 
strongly zoned minerals consistent with sources involving less-
evolved mafic magmas, forming at a depth of >8 km, 
overlapping with the base of the Oruanui magma system. The 
scarcity of Oruanui or pre-Oruanui aged zircons in the first 
erupted rhyolites imply that Taupo's magmatic system was 
thermally and chemically reset. The first rhyolites formed 
through fractionation and cooling of a source similar in 
composition to the dacites, with overlapping melt inclusion 
and crystal core compositions. For the younger rhyolite units, 
fine scale changes in melt chemistry and mineralogy occur 
over time, which are closely liked to the development, 
stabilisation and maturation of a new, unitary rhyolite mush 
system. This mush system is closely linked with underlying 
mafic melts, which provide the thermal and chemical driving 
force for magmatism. For the most recent eruptive units, the 
magmatic system underwent widespread destabilisation and 
heating from underlying mafic roots, resulting in rapid melt 
extraction and an increase in eruption volume to generate one 
of the largest and most energetic Holocene eruptions on Earth. 
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The Spinifex Ridge Mo-Cu porphyry deposit is located in 
the Mount Edgar batholith in the 3.52-2.85 Ga East Pilbara 
granite-greenstone terrane. The Mo-Cu mineralization 
comprises 650 million tons at 0.05% Mo and 0.08% Cu. Re-Os 
dating of molybdenite samples confirms the timing of 
mineralization at Spinifex Ridge. It was first recognised as a 
possible porphyry deposit[1] with molybdenite ages of 3298 ± 
11 and 3284 ± 11 Ma that are indistinguishable, and agree with 
SHRIMP U-Pb zircon ages for granodiorites in the Mount 
Edgar batholith (3314 ± 13 Ma, Coppin Gap suite; 3304 ± 10 
Ma, Boodallana suite). Multiple sulphur isotope analyses of 
molybdenite also δ34S~3 and S-MIF of Δ33S~0 confirm a 
magmatic-hydrothermal source for sulphur and that the deposit 
is mantle-derived with the batholith before plate tectonics 
started 3 billion years ago. Most Mo-Cu deposits of this type 
are younger and linked to subduction zones associated with our 
present-day understanding of plate tectonics. By analogy, Late 
Archaean deposits of this type are related to plate tectonics and 
the growth of several cratons [2] as about 30 percent of the 
current continents grew in the Late Archaean. Together these 
observations and data confirm that Spinifex Ridge is the 
world’s oldest world-class porphyry Mo-Cu ore deposit and 
late Archaean Mo-Cu deposits are linked to the origin and 
evolution of Earth’s ancient crust.  

 
[1] Barley 1982 Economic Geology 77, 1230-1236 [2] Stein et 
al 2004 Precambrian Research 134, 189-226 
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The Wooley Creek batholith and Slinkard pluton are part 
of a vertically extensive, 158–159 Ma magmatic complex 
intruded into an accretionary arc complex. The complex 
extends from paleo-depths of ~10 km to ~25 km; it was 
emplaced into ~40-km-thick crust. It is zoned from lower 
gabbro–tonalite, upper tonalite–granite and central transition 
zone. Xenolith swarms are common near the lower–central 
zone boundary, synplutonic dikes and mafic magmatic 
enclaves characterize the central and upper zones. 

Basalt in the region was derived from depleted mantle (εNd 
+10; εHf ~ +19; 87Sr/86Sr ~ 0.7027) and hybridized with lower 
crustal rocks and melts. Some lower crustal melts formed 
isolated peraluminous plutons in the middle crust (εNd 2.1–4.5; 
εHf -3.0–2.4; 87Sr/86Sr 0.7039–0.7046; δ18O 10.3–12.2). 
However, the greatest influence of lower crust is seen in the 
metaluminous rocks that range from gabbro to granite, yet 
have small bulk-rock isotopic variability, with εNd 2.8–4.5; 
87Sr/86Sr 0.70416–0.70474; and δ18O 8.0–9.9‰. In contrast, 
average εHf (zircon) varies from 2.9–11.7, and these averages 
mask intra-sample variation up to 10 epsilon units. Moreover, 
zircons from lower and central zones have slightly lower 
average εHf (7.6) than those from the upper zone (9.1). 
Xenoliths in the lower–central zone boundary have εNd from 
+7.6 to -23.7 and εHf (159Ma, zircon) from +8.9 to -40.9.  

The isotope data indicate hybridization in the lower crust 
and at the level of emplacement, with the lower crust 
composed of metasedimentary rocks that produced 
peraluminous granites, and hybridized with arc basalt. It is 
possible that the inter- and intra-sample variation in εHf reflects 
heterogeneous lower crustal contaminants. However, lower 
zone samples with low εHf are proximal to xenoliths and upper 
zone samples with high εHf are associated with enclave 
swarms. The data indicate in situ contamination of lower zone 
magmas by melts from xenoliths, and in situ magma 
mixing/mingling of mafic magmas with upper zone rocks. 
Evidently, modification of magmas in the complex occurred 
throughout the crustal column. 
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Several authors [e.g. 1,2] have proposed that the Andean 
iron oxide Cu (-Au) systems that occur along the Coastal 
Cordillera of northern Chile, are high temperature analogous to 
Fe-poor stratabound Cu (-Ag) deposits, also known as Chilean 
manto-type deposits. Both deposit types are hosted in Lower 
Cretaceous volcanic and volcano sedimentary rocks and are 
characterized by relatively moderate temperature sodic (-
calcic) and potassic alteration with mineralization occurring in 
mantos, veins and/or breccias. Compilation of published fluid 
inclusion and sulfur isotope data show higher salinities for 
IOCGs (~30-50 wt.% NaCl) than for Manto-type deposits (<30 
wt.%NaCl), whereas sulfide sulfur isotopes show a wider 
range for mantos (-12 - +28‰) than for IOCGs (-7 to +11‰).  

The Casualidad prospect (300 Mt 0.5.-0.6%Cu) is a 
recently discovered deposit located in the Sierra Overa district, 
in which Manto-type, iron-oxide apatite, hematite-rich IOCG, 
and porphyry Cu-Au deposits of Cretaceous age are also 
present. Casualidad shows characteristics intermediate between 
both IOCG and manto extremes with copper mineralization 
(chalcopyrite and bornite) having mostly a stratigraphic 
control. Bornite mineralization is poor in gold, but has a high 
Ag content. Preliminary fluid inclusion data on quartz show 
salinity values and homogenization temperatures similar to 
those described for manto deposits. The geologic 
characteristics of the Casualidad deposit appear consistent with 
the idea of a genetic link between manto and some IOCG 
deposits in the northern Andes, in which the former deposits 
are located in a distal position whereas IOCG formed on a 
more proximal position from coeval batholiths. 
 
[1] Haynes (2000) in Porter (ed.) v.1 p. 71-90 [2] Maksaev & 
Zentilli (2002) in Porter (ed.) v. 2 p. 185-205 
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The principal mechanism by which chemical and isotopic 

heterogeneities are introduced into the mantle is by subduction 
of sediments and oceanic crust [1]; however, the fate of 
volatile species (e.g., N and noble gases) is not well-
constrained. Isotopically-enriched N is metabolically 
concentrated in Mesoproterozoic ocean sediments, which 
following subduction, is variably reincorporated back to 
surface reservoirs in volcanic arcs [2-3], while the remaining 
(unknown) fraction is transported into the deep mantle [4-6].  

Here, we present N-Ne isotope and abundance results of 
plume-influenced oceanic basalts dredged along the Central 
Indian Ridge (CIR) and adjacent (off-axis) seamounts. δ15N 
ranges from +1.8 ‰ to -3.8 ‰ (n=15) vs. air, whereas 
20Ne/22Ne values extend from 9.84-11.32 and 21Ne/22Ne values 
range from 0.0290-0.0401 (n=20). Using a coupled N-Ne 
approach, we combine air-corrected (i.e., extrapolated) Ne-
isotope values (21Ne/22NeEX) with 15N/14N, and show that data 
conform to binary-mixing between postulated solar and mantle 
endmembers. On-axis CIR samples (~ 8 ± 1 RA; [7]) trend to 
δ15N values ~ -2 ‰, whereas off-axis seamounts (characterised 
by 3He/4He > 8RA) have higher values (δ15N ~ +2 ‰). Thus, 
the isotopically-enriched N is preferentially recycled into the 
high 3He/4He mantle source of the CIR-Réunion system. We 
calculate that the ubiquitous sediment-derived contribution lies 
between 30 and 65% in the on- and off-axis samples, 
respectively. Furthermore, there is also a small (0.2%) but 
detectable solar nitrogen component is all samples. Large N-
isotope variations have previously been linked to the 
oxygenation of Earth’s atmosphere throughout the Pre-
Cambrian [8]. As such, these results help constrain the timing 
of subduction, as plume-derived N-isotope values closely-
resemble Mesoproterozoic sediment signatures.  
 
[1] Hoffman and White, 1982 [2] Elkins et al 2006 [3] 
Mitchell et al 2010 [4] Marty and Dauphas, 2003 [5] Holland 
and Ballentine, 2006 [6] Kendrick et al 2011 [7] Füri et al 
2011 [8] Thomazo and Papineau, 2013 
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Dug wells are installed at shallow depths and are largely 

located in sands, gravels and other interspaces through which 
precipitation infiltrates into the underground aquifers due to 
gravity. Dug wells were mentioned as early as in 1968 as a 
source of drinking water for Dhaka dwellers. The study area is 
situated in densely populated Old Dhaka, Bangladesh, 
covering an area of 4.9 mi2 and lies towards the northern bank 
of the Buriganga river. Thirty six dug well water samples were 
collected from different old houses along three transects (from 
river to study area) and four Buriganga river water samples 
were collected at four different river-ghats (boat terminals) 
during both dry (April, 2010) and wet (September, 2010) 
seasons. The depth of these dug wells vary from 3.45 m to 16 
m with an average depth of 10 m. Water levels in the dug wells 
have both seasonal and diurnal fluctuations. In dry period, bad 
odor comes out from dug wells, and appears to be dark in 
color. More than 50% dug well and 25% Buriganga river water 
samples were contaminated as concentration levels of Ca2+, 
Mg2+, K+, Fe2+ and Mn2+ exceeded the drinking water quality 
standard limits of World Health Organization (WHO, 2004), 
Department of Environment, Bangladesh (DOE, 1997) and 
United States Environmental Protection Agency (USEPA, 
1995). The hydrochemical facies analyses of both dug well and 
Buriganga river water samples demonstrate they are Ca2+-
HCO3

- type. It has not been deciphered whether the dug wells 
are being recharged from surface water flowing directly into 
the well or groundwater that has recharged via riverbank 
filtration and is a possible source of contamination. If the dug 
well water is protected from anthropogenic pollution (since 
they are in more controlled environment), the shallow 
groundwater in this part of Dhaka city could be an alternative 
perennial source of water for daily household purposes 
especially during the dry seasons when water scarcity is major 
problem. Thus, it is necessary to ensure the proper 
maintenance and monitoring of these historical dug wells by 
the concerned authorities and improving our understanding of 
sources of contamination and recharge to the dug wells.  
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The contrasting geochemical behaviour of radiocesium in 
marine and freshwater environment have resulted in very 
different applications: as a tracer in marine system due to its 
conservative behaviour and as a chronometer due to the 
particle-reactive nature in freshwater system. One of the key 
applications of 134Cs/137Cs ratios (134Cs t1/2 = 2.065 years; 137Cs 
t1/2 = 30.07 years) in marine system is the transit time estimate 
of a parcel of water between two points along its pathway. The 
time scale involved in the advective transport from the point of 
origin (e.g., nuclear reprocessing plants in Sellafield) to the 
Arctic Ocean and advective time for transport around the 
perimeter of the Arctic Ocean from the Santa Ana Trough to 
the southern Canada Basin obtained from 134Cs/137Cs activity 
ratios is comparable to the values obtained from 3H/4He and 
chlorofluorocarbon data. Furthermore, the 134Cs/137Cs ratios in 
environmental samples also can be utilized to delineate the 
amount of 137Cs derived from Fukushima accident and the 
amount derived from global fallout. These applications require 
precise value of the 134Cs/137Cs activity ratio at the source of 
origin. 

While the 134Cs/137Cs ratios in environmental samples 
collected after other major nuclear accidents is well-defined 
(e.g., Chernobyl: 0.4), with a relatively narrow range, the range 
of values reported from precipitation and air samples around 
the globe shortly after Fukushima Dai-ichi nuclear power plant 
(NPP) accident vary widely, from 0.2 to 2.4. In contrast, the 
seawater samples collected within 20 km from the Dai-ichi 
NPPs indicate the 134Cs/137Cs activity ratios are extremely 
uniform with a value of 0.99±0.03 (Buesseler et al., 2011). It 
is known the source of 137Cs released from spent nuclear fuel 
depends on the reactor design, fuel cycle and age. From a 
review of the global data on the 134Cs/137Cs ratios derived from 
Fukushima accident, we will summarize the results and present 
a set of hypotheses for the variations of the activity ratios.  
 
[1] Buesseler, K.O., M. Aoyama and M. Fukasawa (2011) 
Impacts of the Fukushima Nuclear Power Plants on Marine 
Radioactivity. Environ. Sci. Technol. 45, 9931-9935  
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The long-lived 176Lu-176Hf decay system often yields dates 
up to 300 Myr older than Pb-Pb when applied to meteorites. 
Irradiation by gamma- [1] or cosmic rays [2] was suggested as 
the reason for this descrepancy because it can accelerate 176Lu 
decay, rotating isochrons around their initial 176Hf/177Hf. 
However, internal Lu-Hf isochrons [3, 4] with the highest 
apparent ages yield the lowest initial 176Hf/177Hf values 
(Fig. 1), in contrast with the irradiation hypothesis which 
predicts a constant intial 176Hf/177Hf. Thus a different 
mechanism is required to explain the old Lu-Hf ages. We find 
that terrestrial weathering [5] can account for both the age 
discrepancy and the consistent patterns of scatter observed in 
internal isochrons of eucrites [4] and angrites [6]. 

Fig. 1 Literature data from [3-4, 6-11] & CHUR-parameters of 
[12] calculated back to 4567 Ma. 

 

[1] Albarède et al (2006) GCA 70, 1261-1270 [2] Thrane et al 
(2010) Astrophys J 717, 861-867 [3] Bizzarro et al (2012) G³ 
13, 10.1029/2011GC004003. [4] Bast et al (2012) LPSC 43, 
2542 [5] Crozaz et al (2003) GCA 67, 4727-4741 [6] Bast et al 
(2013) Min Mag 77, 665 [7] Amelin et al (2011) LPI Contrib 
1639, 9014 [8] Bizzarro et al (2003) Nature 421, 931-933 [9] 
Blichert-Toft et al (2002) EPSL 202, 167-181 [10] Bouvier & 
Boyet (2013) Min Mag 77, 754 [11] Sanborn et al (2012) 
LPSC 43, 2039 [12] Bouvier et al (2008) EPSL 273, 48-57  
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Often the most important risk pathway associated with 

human exposure to arsenic- (As-) contaminated soils and 
geomedia is incidental soil ingestion. Using total As content 
typically overestimates exposure because physiochemical 
properties of the soil or geomedia matrix can sequester As and 
reduce its bioavailability. The predominant As mineralogy in 
the soils and wastes was As(V)-ferrihydrite, As(V and III) 
associated with Al oxyhydroxide, gibbsite with lesser amounts 
of arsenopyrite. We determined the ability of several in vitro 
gastrointestinal (IVG) methods, including two versions of the 
OSU IVG method and the Relative Bioavailability Leaching 
Procedure, to predict relative bioavailable (RBA) As 
determined from juvenile swine (in vivo) dosing trials for soils 
and mine wastes.  

Soil As was fractionated into 5 pools using a sequential 
extraction procedure (SEP): F1, non-specifically sorbed; F2, 
specifically sorbed; F3, amorphous and poorly crystalline 
oxides of Fe and Al; F4, well-crystallized oxides of Fe and Al; 
and F5, residual. RBA As ranged from 4 to 24%, below the 
USEPA default value of 60%. Most As was associated with 
reactive Fe and Al oxide fractions followed the tend F1 < F2 < 
F3, F4, F5. Strong linear relationships were found between 
bioaccessible As (IVG) and RBA As (in vivo). However, all 
except one in vitro method under-predicted RBA As for 
several high-Fe soils. Comparison of in vivo RBA As and SEP 
results show F1 + F2 < RBA As < F3. The sum of SEP 
F1+F2+F3 provided a conservative estimate of RBA As. 
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Natural attenuation of highly soluble and toxic U(VI) to 
insoluble U(IV) at ISR mining sites is a desired post-mining 
remediation strategy. Detection of naturally occurring reducing 
environments and assessment of the reductive capacity of 
subsurface sediments are extremely important for successful 
remediation via natural attenuation of U(VI). Reduction of 
soluble U(VI) or Se(VI) within or downgradient of ISR-mined 
ore bodies induces measurable isotopic fractionation. 
Isotopically fractionated U, Se or S in groundwater should thus 
indicate reducing environments. Here, we use multiple isotopic 
systems (U, Se, S) to detect reducing conditions conducive to 
natural attenuation of U(VI) at an ISR mining site at Rosita, 
TX, USA. We measured δ238U, (234U/238U), δ82Se, δ34SO4, 
87Sr/86Sr in groundwater collected from 33 wells located 
within, upgradient and downgradient of the roll-front type U 
ore body. The δ238U of groundwater samples varied from 
0.56‰ to -1.96‰. The δ82Se values ranged from -1.44‰ to 
6.14‰. The highly fractionated U and Se isotope ratios in the 
ore-body and in downgradient monitoring wells suggest U(VI) 
and Se(VI) reduction, and post-mining recovery of natural 
reducing conditions in the ore zone. The characteristic low 
(234U/238U) of ~0.8 of the ore-zone groundwater can serve as a 
tracer for the movement of ore-zone U. Future work includes 
isotopic characterization of the U ore and experimental 
determination of the U(VI) reducing capacity of and associated 
U isotopic fractionation in the downgradient reduced 
sediments. 
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The deep Earth is a large reservoir for carbon which can 

play an important role in the storage and transportation of 
volatiles including noble gases. Mobilization of reduced 
carbon generates reduced melts at ridges. Through a global 
survey of mid-ocean ridge basalts, we show that carbon and 
helium are correlated with a narrow range of C/3He ratios that 
are unaffected by mantle processes. We propose that reduced 
carbon, in the form of diamond, which is stable under both 
upper and lower mantle conditions acts as an effective storage 
medium for helium in deep Earth. The failed diamonds, on 
oxidation to carbonatitc melts, are responsible for transferring 
the stored helium to the oceanic ridge basaltic magmas. We 
cannot similarly assess for other noble gases like argon, as 
C/40Ar* unlike the C/3He ratios, show strong evidences of 
degassing. 
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We develop a model to predict 87Sr/86Sr variations in 

bedrock and rivers and we apply the new model to predict 
87Sr/86Sr of Alaska (AK) rivers. In the first step, we revisit 
the “bedrock model” [1] – predicting 87Sr/86Sr in bedrock – 
by including several new components and/or improvements 
including: 1) an independent siliciclastic sediment sub-model, 
2) an explicit consideration of intra-unit 87Sr/86Sr variations, 
and 3) a fully-coupled assessment of spatial uncertainty. 
Tested against a compilation of 885 87Sr/86Sr analyses in 
igneous, metamorphic and sedimentary rocks over AK, the 
model significantly improves 87Sr/86Sr prediction accuracy in 
both igneous and sedimentary settings. In a second step, we 
develop a fully independent “Sr chemical weathering model” – 
predicting the spatial variations in the rate of Sr release – using 
multiple linear regression techniques. The model is calibrated 
on a compiled database of 339 analysis of dissolved Sr and 
87Sr/86Sr in rivers of Northern latitudes. The best model 
predicts Sr release as a function of lithological proportions, 
permafrost cover and slope, and explains 64% of Sr 
concentration variations on an independent dataset of 61 rivers. 
We apply both the bedrock model and the Sr chemical 
weathering model to predict Sr concentration and 87Sr/86Sr in 
rivers of AK. The model explains 81% of the variance of 
87Sr/86Sr in AK Rivers. This new flexible and cost-effective 
geostatistical framework to map 87Sr/86Sr at different scales 
in bedrock and water provides a baseline map for provenance 
studies and an interpretative tool to study the cycling of Sr at 
global scale. 
 
[1] C.P. Bataille, G.J. Bowen, (2012) Chem Geol 39 304-305  
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The understanding of continental deposicional sequences 

evolution has been greatly evolved through the last decades 
due to advances on the comprehension of facies and paleosols 
relations [1]. 

The Bauru Basin (Campanian-Maastrichtian) located at 
southeast Brazil consists in a sucession of lacustrine and 
alluvial strata associated to paleosol profiles. Through macro 
and micromorphological descriptions horizons Bt, Bt/C, Bk, C, 
Ck and Cg were identified from the base to top of the 
sequence. These horizons comprise 21 paleosols profiles 
intercalated with sedimentary strata. 

Mineralogical analyses obtained by X-Ray Diffraction 
(XRD) indicate the main mineral constituents of these profiles 
are quartz, microcline, albite, dolomite, calcite and hematite, 
while the clay mineralogy is represented by illite, 
montmorillonite and palygorskite. 

Geochemical data from X-Ray Fluorescence (XRF) were 
applied for the determination of the following molecular ratios 
of major elements [2]: CIA-K, leaching, dolomitization, 
calcification and oxidation. 

The weathering rates obtained through geochemical data 
and the paleosol profiles, along with the identified lithofacies 
show two distinct palaeoenvironmental stages. The first is 
marked by hydromorphic paleosols and the second one is 
dominated by calcic horizons related to greater drainage 
conditions. From the palaeoenvironmental perspective, the 
variation observed in the profiles suggest that among the 
Campanian and Maastrichtian the climate were predominantly 
arid to semiarid, however, the hydric availability was greater 
during the earlier stages of the basin evolution. 

 
[1] McCarthy, P.J.; Faccini, U. F.; Plint, A. J. 1999. Evolution 
of an ancient floodplain: paleosols and alluvial architecture in 
a sequence stratigraphic framework, Cenomanian Dunvegan 
Formation, NE British Columbia, Canada. Sedimentology, 46, 
p. 861-891. [2] Retallack, G.J., 2001. Soils of the Past: An 
Introduction to Paleopedology. Allen and Unwin, London, pp. 
520. 
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The nitrogen (N) isotopic composition of total sedimentary 

N (δ15Nbulk) is a common tool used to reconstruct past oceanic 
N cycling (e.g., natural fluctuations in the δ15N of surface 
nutrient N). Analyses of δ15Nbulk represents a mixture of 
multiple N sources with selective removal or preservation of 
N-containing compounds. Compound specific δ15N analysis of 
individual amino acids (δ15NAA) has the potential to 
simultaneously reconstruct changes in nutrient N δ15N and 
changes in ecosystem trophic dynamics, and therefore provide 
more specific process information than δ15Nbulk. As a first test 
of δ15NAA in marine sedimentary applications, we compared 
δ15NAA signatures of surface and sinking POM with those in 
surface sediments from the Santa Barbara Basin (SBB), a 
depositional environmental with excellent organic matter 
preservation. 

Sedimentary δ15NAA signatures show excellent preservation 
of planktonic biomass and sinking POM δ15NAA. However, an 
unexpected inverse correlation between the δ15N of 
Phenylalanine (the best AA proxy for δ15N at the base of the 
food web) and trophic position (TP) was observed. A δ15N 
mass balance model for the AA pool confirms that TP 
dependence is in fact expected for δ15NAA values. While this 
result may appear incongruent with current applications of 
δ15NAA in individual organisms, it is consistent with 
expectations that paleoarchives integrate the sinking flux of N 
over much longer timescales. We propose that for 
paleoceanographic applications, key δ15NAA parameters are 
ecosystem TP (determining the relative partitioning of 15N into 
source vs. trophic AA pools), and the integrated δ15NAA of all 
common protein AA (δ15NTHAA), a proxy for nutrient N δ15N. 
Together, these provide a picture of regime shifts in planktonic 
ecosystem structure and δ15N at the base of food webs. The 
SBB sedimentary record of these new parameters (δ15NTHAA, 
TP) correspond well with recent shifts in the PDO. 
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The Acasta Gneiss Complex, Northwest Territories, 
Canada, preserves the oldest granitic crust on the planet; the 
zircons are often complex and retain a multi-stage history 
including Pb loss, recrystallization, inheritance, and 
metamorphic overgrowths1,2. Published Hf isotopic data often 
show within sample variability in excess of analytical 
uncertainty3. We are using split stream LA-ICPMS for U-Pb 
and Hf isotopes on approximately the same volume of zircon, 
and also coupling CA-TIMS for U-Pb and solution ICPMS for 
Lu-Hf recovered from dissolved zircon fragments from a suite 
of rocks ranging in age from ca. 3.3 to > 3.9 Ga. 

At least three factors can affect the homogeneity of initial 
isotopic ratios within a single grain and between grains for a 
single sample: post-formation disturbance of parent-daughter 
ratios, mixing of isotopically and/or chronologically distinct 
reservoirs, and incorrect age assignments. We demonstrate our 
approach with both relatively simple and complex grain 
populations in an attempt to understand within and between 
grain heterogeneity and the effectiveness of coupling CA-
TIMS with solution ICPMS. The simplest samples we have 
worked with indicate increasingly negative εHf with time, from 
-2 at ~3.9 Ga to values around -5 at ~3.5 Ga, consistent with 
the involvement of older crust in the origin of tonalitic to 
granitic compositions. 

 
[1]Bowring and Williams (1999). CoMP, 134(1), 3-16 
[2]Iizuka et al (2007). Precambrian Res, 153(3), 179-208 
[3]Amelin et al (2000). Geochim Cosmochim Ac, 64(24), 
4205-4225 
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The iron oxide magnetite (Fe3O4) is an abundantly 
occuring mineral in high temperature rocks. However, it also 
forms through redox processes in Earth surface environments, 
and it is an important biomineral in a number of organisms. 
Here we present two mineral formation studies: the nucleation 
and growth of synthetic magnetite formed by co-precipitation 
of ferrous and ferric iron in aqueous solution [1]; and the 
biomineralization in the magnetotactic bacterium 
Magnetospirillum magneticum AMB-1 [2]. Both studies point 
to a nucleation and growth process that involves the 
aggregation of nanometric primary particles or clusters. 

 Cryogenic transmission electron microscopy enabled us to 
demonstate that 1-2 nm large primary particles without 
resolvable substructure are precursors to magnetite 
nanoparticles in water. In the magnetotactic bacteria we 
observed a phase transformation from ferric (oxyhydr)oxides 
of similar size and large surface area morphology.  

At first glance our experimental observations on 
nanomagnetite appear inconsistent with classical nucleation-
growth models and rather correspond to so-called aggregation-
based growth processes [3]. Conventionally, the formation of 
crystalline materials is described by atoms or molecules 
assembling directly from solution. To describe aggregational 
processes of nanoparticle precursors, alternative non-classical 
growth models have been developed. For our observations we 
propose a possible treatment approach within the classical 
thermodynamical framework.  
 
[1] Baumgartner et al (2013), Nat. Mater.12, 310-314  
[2] Baumgartner et al (2013), PNAS 110, 14883-14888  
[3] Banfield et a. (2000) Science 289, 751-754 
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Many valuable archives of Earth and solar system history 

can only be accessed if we can acquire sufficiently prescise 
143Nd/144Nd isotope measurements on very small (sub-
nanogram) quantities of Nd. Recent innovation in this regard 
has followed two paths. One approach has been activator 
loading agents that enhance ionization often in concert with 
NdO+ analysis [1,2]. We have had success with a Ta2O5 slurry 
as an activator [1]. With it we have established 16 ppm (2σ) 
external precision on 4ng loads spanning six years of standard 
analyses and 10 ppm (2σ) within barrel. Over the past year, we 
have amassed a standard database from 400 pg loads with 
external precision currently 40ppm (2σ) and internal precision 
often below 30ppm. These data are acquired with single 
filaments, and standard 10^11 ohm resistors. A second 
approach has been the use of higher ohm resistors, such as 
10^12 ohm. When used in concert with NdO+ analysis, 
similar, or perhaps even better, precision for sub-nanogram Nd 
loads should also be possible [3]. 

However, a third important aspect of precise – and 
accurate – isotope analysis of such small samples (10s to 100s 
of picograms) is the contribution from blanks. When 
sample/blank ratios slip below ~100, blank contribution and 
the daunting challenge of blank correction becomes a 
signficant – and ultimately the limiting – factor. Full 
procedural blanks (in preparation for NdO+ analysis) in our lab 
are generally 3-8 pg of Nd. Still at these levels, loads of less 
than a few hunded pg of Nd are susceptible to blanks. Recent 
data [4] from garnets in the Jack Hills metasediments yielded 
sub-nanogram load sizes as small as 11 pg of Nd. While Sm-
Nd isochron geochronology was still successful, deviations of 
the smallest samples from the isochron clearly relate to blank, 
rather than analytical limitations. As the community seeks to 
push into the sub-nanogram range for Nd isotopic analysis, 
minimizing blanks is at least as important as further 
innovations in TIMS analysis.  

 
[1] Harvey & Baxter (2009), Chem Geol 258, 251-257 [2] 
Palacz, Burgess, Inglis (2013) Goldschmidt [3] Trinquier, 
Bouman, Schweiters (2013) Goldschmdt [4] Eccles et al 
(2013) Fall AGU Meeting. 
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In frame in N-E part of Fennoscandian Shield there are two 
belt: North (Kola) and South (Finland and Karelia) with basite-
ultrabasite layered Cu-Ni-Cr and Pt-Pd bearing intrusions. 
Precise isotope-geochronological data using U-Pb (on single 
zircon and baddeleyite) and Sm-Nd (rock-forming and sulfides 
minerals) gave polyphases magmatic activity (with 2.53, 2.50, 
2.45, 2.40 Ga) and long lifetime of mantle plume activity from 
2.53 to 2.40 Ga. The barren phases were dated in Fedorovo-
Pansky massif with 2.53 Ga for orthopyroxenites and olivine 
gabbro based on U-Pb (on zircon) and Sm-Nd (rock-forming 
minerals) data in Kola belt. Main PGE-bearing phase of 
gabbronorites (Mt. Generalskaya) norites (Monchepluton) and 
gabbronorites (Fedorovo-Pansky and Monchetundra) layered 
intrusions have yielded 2.50 Ga on U-Pb and Sm-Nd dating. 
The second PGE-bearing phase with 2.45 Ga belongs to 
anorthosites of Mt. Generalskaya, Fedorovo-Pansky and 
Monchetundra massifs. The same ages reflect layered PGE-
bearing intrusions of Finland – Penikat, Koitelainen, Koilismaa 
et. set., and basite intrusions in Karelia (Bayanova et al., 
2009). Dykes of the final basite magmatic pulse with 2.40 Ga 
have been dated in Imandra lipolith. Isotope geochemical εNd - 
ISr values for layered intrusions in the Baltic Shield reflect 
enriched mantle reservoir EM-1 according to (Hoffman, 1997) 
type reservoir with ISr values from 0.703-0.704. Isotope 
3He/4He data for accessory minerals (ilmenite, magnetite et. 
set.) have significant lower and upper mantle indicators of 
plume component. The model Sm-Nd ages of protolith of the 
intrusions lies in 3.2-2.9 Ga and primary magma source as 
fertile according to (Arndt, 2010). Based on the isotope-
geochemistry and geochronology data for layered 
paleoproterozoic PGE-intrusions considered Fennoscandian 
Shield with Superior and Wyoming as a big magmatic LIP, 
which related with breakup of oldest Kenorland 
Sypercontitent. We thank to G. Wasserburg for 205 Pb 
artificial spike.  

 
All studies are contribution by RFBR 13-05-00493, OFI-M 

13-05-12055, 14-05-93965, Department of Earth Sciences 
RAS (programs 2, 4, 6) and IGCP 599. 
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The Lu-Hf and Sm-Nd isotopic systems behave differently 
during Earth surface processes. A large proportion of the Hf 
inventory in rocks remains locked in zircons during 
weathering, an unradiogenic (low eHf) highly resistant mineral, 
which tends to be sorted into silt/sand fractions during 
sediment transport. In addition to this ‘zircon effect’, silicate 
weathering also leads to preferential dissolution of radiogenic 
(high eHf) minerals. The Hf-Nd isotope decoupling during 
weathering and sedimentary processes is illustrated in the eHf 
vs. eNd diagram, where four distinct arrays can be identified: 1) 
the ‘igneous rock array’, corresponding to unweathered silicate 
rocks; 2) the ‘seawater array’; 3) the ‘zircon-bearing sediment 
array’, formed by most coarse-grained sedimentary rocks; and 
4) a ‘zircon-free’ (or zircon-poor) sediment array, defined by 
clays and mudrocks. To date, however, it remains unclear 
whether this latter array simply reflects zircon depletion in 
fine-grained sediment fractions, or whether it may be 
generated by chemical weathering processes.  

We aimed at better understanding the factors controlling 
the distribution of Hf-Nd isotopes in fine-grained sediments. 
We analysed an important set of sediments deposited 
worldwide near the mouth of rivers. The rivers selected for this 
study included some of the world’s largest rivers, plus rivers 
draining basins characterized by various geological and 
climatic contexts. Sediments were leached for removal of any 
non-terrigenous components, and only the (<2µm) clay 
fractions were retained for mineralogical, major/trace element 
and Hf-Nd isotopic analyses. These new Hf-Nd isotope data 
plot on the array defined previously for fine-grained sediments. 
The extent to which each eHf value deviates from this ‘clay 
array’ (the ΔeHf-CLAY index) appears not to be related to Zr 
contents. Instead, it correlates remarkably well with the 
climatic parameters of the studied drainage basins (average 
annual temperature and rainfall). This suggests that Hf-Nd 
isotope decoupling in fine-grained sediments is controlled to a 
large extent by the degree of chemical weathering on 
continents. This finding may have interesting implications for 
the use of Hf-Nd isotopes in paleoenvironmental studies. 
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In many populated regions around the world, estuarine 
sediments are highly contaminated due to riverine transport of 
suspended sediments and associated contaminants, derived 
from upcatchment industrialised, populated or agricultural 
regions. In south-eastern Australia, where populations are 
spread out and industry along river systems is minimal, the 
estuaries are relatively pristine. Such an environment provides 
the basis for undertaking a study to compare baseline 
sedimentary end members (terrestrial river-borne clays and 
marine sands) with the estuarine sediments to distinguish 
between the source (anthropogenic or natural; terrestrial or 
marine) of post-depositional elemental additions to the 
estuarine sediments.  

The REE La and Ce were identified as behaving as 
conservative elements within the estuarine system, with the 
ratios of these elements showing a pattern which remained 
unchanged between the freshwater and marine environment, 
irrespective of dilution, or perturbations from other inputs. The 
concentrations of La and Ce when plotted against each other 
show linear mixing trends between the end-member sediment 
types. Plotting other elements which may be indicative of 
authigenic, biogenic and anthropogenically derived additions 
against these conservative species allow anomalous 
concentrations to be identified. These trends distinguish 
between original material sourced from terrestrial and marine 
sediments, and the material added to the sediment post-
deposition in the estuary.  

The chemistry of estuarine sediments is therefore not 
simply a product of original source material, but also includes 
a number of post-depositional additions, transformations and 
significant geochemical changes. In many cases, it is possible 
to identify these perturbations, the process responsible, and the 
source through the use of multi-element ratios and 
relationships. The use of a baseline determined by local 
concentrations of a conservative element also allows for subtle 
anomalies to be identified and localised, making early 
identification of potential contamination issues possible.  
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Terrestrial clays and iron hydroxides undergo geochemical 

changes when transported from freshwater to saltwater 
environments. We have studied changes in major and trace 
element compositions of a range of samples that were 
suspended in the water column and aliquots analysed over five 
months. This gave an understanding of the changes occurring 
to clays due to contact with the seawater prior to settling and 
burial, and thus independent of subsequent biogenic and 
authigenic processes at the estuary sediment-water interface 
and within the sediment column. This research defines the 
initial pre-depositional alterations occurring to the sediment 
chemistry and concentration of elements upon entering the 
saltwater environment.  

Clay pipe experiments involved suspending PVC pipes in 
estuarine waters with samples enclosed within layers of sand. 
The geochemical changes to each of the clay types, and 
goethite, demonstrate significant changes to terrigenous fine 
grained sediments (both major and trace elements) upon 
entering the marine environment. Besides natural changes, a 
temporary spike in Cu and Zn, that correlated with flooding, 
indicated successful detection of anthropogenic pollutants.  
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Over 80% of Australia’s population inhabit coastal regions 

due to climatic conditions and resource availability. Urban 
populations along the coastline have increased significantly 
over recent decades in response to population growth, tourism 
and the ‘sea change’ phenomenon. This places pressure on 
existing sewerage infrastructure. Disposal of treated sewage 
effluent to meet the requirements of increasing and highly 
fluctuating seasonal populations occurs via several pathways 
including exfiltration ponds and trenches excavated in marine 
sands immediately behind beach dune systems. The treated 
effluent infiltrates the sands and recharges local aquifers.  

The pathways, fluxes and transformations of treated 
effluent have been investigated at an exfiltration pond in 
Merimbula, on the Far South Coast of NSW, Australia. 
Localised mounding of the watertable, and consequent changes 
in hydraulic gradient, impose different flow directions for 
groundwater, along which O2 – NO3 and Fe-Mn redox, and pH, 
boundaries are intercepted. The groundwater concentrations of 
redox sensitive elements H2S, SO4, Fe 2+, Mn and NO3- vary 
according to position relative to these redox and pH 
boundaries, and distance from the exfiltration ponds. There is 
also evidence of attenuation of PO4 3+ in groundwater 
compared with treated effluent, due to adsorption to Fe coated 
sands, co-precipitation with Fe and Ca, and uptake by 
vegetation.  
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Bondi Lake is a small, freshwater terminal lake located 
immediately behind beach dunes on the far south coast of New 
South Wales, Australia. The sediments of the lake bed and 
landward foreshores comprise sulfidic clays with abundant Fe 
sulfide minerals. Oxidation of these minerals is associated with 
acidification and the release of Fe and trace metals. 

A severe, prolonged dry period, referred to as the 
‘Millennium Drought’ occurred throughout south eastern 
Australia 1999-2009. During the drought, the water level 
dropped in the lake, due to reduceed inflows and evaporation 
losses, resulting in oxidation and acidification of the sulfidic 
sediments, and both acidification and salinisation of the water. 
In 2008, the pH of the water was 3.6 and the electrical 
conductivity 22mS/cm. Field observations indicated an exodus 
of eastern long necked turtles, Chelodina longicollis (Family 
Chelidae) from the lake during acidification with ~20 dead 
turtles sighted around the lake shorelines and nearby 
surrounding bush. Other research has shown that Chelodina 
longicollis responds to wetland drying either by migration to 
other waterbodies or extended periods of inactivity through 
estivation in protected localities including close to the dry 
waterbody [1]. The migration at Bondi Lake, however, 
occurring prior to wetland drying, is assumed to be a response 
to reduced water quality due to acidification and the 
dissolution of metals within the sulfidic clay substrate.  

The analysis of growth rings on turtle carapace plates has 
been used previously to assess age and growth rate [2]. 
However, in this study, laser ablation ICP-MS analysis of the 
trace metals found within the plates has been used to obtain a 
record of the aquatic conditions throughout the turtle’s 
life/duration of growth. This record has been used to elucidate 
the episode of turtle exodus and mortality as ambient 
conditions grew increasingly hostile.  
 
[1] Roe and Georges (2009) Ecology 89 (2) 485-494 [2] 
Wilson, Tracey and Tracey (2003) Herpetologica 59 (2), 178-
194 
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Endolithic cyanobacteria, well documented as agents of 

biological erosion [1], can in some instances also play a net 
constructional role. In particular, Solentia sp. facilitates growth 
and stabilization of modern stromatolites by forming lithified 
layers of fused grains in a two-phase process of boring, 
followed by infilling and new mineral precipitation. Living 
stromatolites at Highborne Cay, Exumas, Bahamas, exhibit 
(200 to 1000 μm) lithified layers of fused ooids that have been 
micritized and welded together at point contacts [2]. In our 
laboratory culture of Solentia spp. isolated from the field and 
inoculated onto fresh ooids, we observed this process directly, 
tracking short-term intermediate steps seldom observed in the 
field [3]. The constructional role of endoliths in modern 
stromatolites sheds further light on the lithification process. 
Similar grain welding as a result of microboring has also been 
observed in stromatolites at other sites, such as Shark Bay, 
Australia [4]. 

 
[1] Golubic, S. et al (1984) J. Paleontology, 58, 351-361 [2] 
Reid, R.P. et al (2000) Nature, 406, 989-992 [3] Macintyre et 
al (2000) Sedimentology, 47, 915-921 [4] Reid, R.P. et al 
(2003) Facies, 49, p. 45-53 
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Background: Land use regression (LUR) is widely used 

for estimating within-urban variability in air pollution, 
typically at the urban level and for long-term averages. LUR 
techniques have recently been extended to national and 
continental scales.  

Aims: Our aim is a LUR for NO2 in the continental US 
that provides the excellent spatial resolution found in most 
LURs (~100-m scale), incorporates satellite estimates, covers 
100% of US Census Blocks, and provides monthly average 
concentrations for one decade.  

Methods: Our work extends a previously-published 
national LUR for year-2006 in the US. We employ eleven 
years (2000-2010) of hourly NO2 measurements from US EPA 
monitors to calculate monthly scaling factors, which account 
for deviations relative to the reference year. We then create a 
spatially-varying (inverse-distance weighted) temporal 
“scaling surface” for each month, to estimate monthly 
concentration deviations at non-measurement locations. 

Results: The resulting model captures 76% of the spatial 
variability and 73% of the temporal variability (population-
weighted average) with low average bias (22%). Model 
performance is best at locations near monitors (e.g., spatial R2 
= 0.79, mean bias 12% for locations within 25 km of a 
monitor). Urban and suburban locations perform moderately 
better than rural locations at predicting spatial (R2: 0.65 , 0.71, 
and 0.60, respectively) and temporal (R2: 0.69, 0.70, 0.55) 
variability and significantly better at predicting absolute 
concentrations (mean bias: 19%, 10%, 60%).  

Conclusions: Our approach reliably estimates monthly 
outdoor NO2 concentration at a spatial resolution capable of 
capturing within-urban and near-roadway variability in 
concentrations. We apply this technique to the ~8 million U.S. 
Census blocks in the contiguous United State to provide a 
decade (2000 - 2010) of high-resolution monthly NO2 
concentration estimates; these data are publicly available. 
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Fe(III) oxide minerals are abundant in soil, sedimentary, 
and aquatic systems. The biogeochemical cycling of iron 
creates conditions where aqueous Fe(II) and solid Fe(III) 
oxides coexist. These may undergo a series of secondary, 
abiotic reactions largely driven by electron transfer and atom 
exchange, which involve coupled oxidative Fe(II) adsorption 
and reductive dissolution of Fe(III) at spatially separate surface 
sites. These reactions have been shown to cause the self-
recrystallization of stable iron oxide minerals, during which 
trace metals may be incorporated into the iron oxide structure. 
Because such incorporation involves a change in bonding 
environment it may fractionate stable isotopes of trace metals. 
Such fractionations are potential biogeochemical tracers in 
modern and ancient systems. 

We have investigated factors affecting Zn adsorption onto 
and incorporation into Fe(III) oxide minerals during Fe(II)-
catalyzed recrystallization and identified Zn isotopic 
fractionations associated with this partitioning. Zn was studied 
because it is a water contaminant and an essential 
micronutrient and its content in iron oxides has been used as a 
proxy for past seawater composition. XAFS spectroscopy was 
employed to quantify the relative amount of Zn adsorption 
onto and incorporation into hematite and goethite as a function 
of pH, Fe(II) concentration, and reaction time. It also provided 
insight into changes in bonding environment between adsorbed 
and incorporated forms. Zn isotope fractionations were 
measured using a MC-ICP-MS and related to Zn speciation 
determined from XAFS spectroscopy. 

XAFS spectroscopy shows that an increase in reaction time 
(5 to 30 days), pH (7 to 8), and concentration of aqueous Fe(II) 
were all associated with increased Zn incorporation into the 
goethite structure, but produced little to no incorporation of Zn 
into hematite. These factors also enriched goethite in 
isotopically light Zn, suggesting a connection between 
fractionation and incorporation; hematite exhibited only a 
slight enrichment in heavy Zn. These results advance our 
understanding of trace metal cycling and highlight the 
importance of Fe redox conditions in fractionating metal 
isotopes in modern and ancient aquatic systems.  
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Detailed reconstruction of environmental conditions and 

climatic history at hominin sites is crucial in providing 
contextual information and interpretive framework of the 
evolution and diversification of our ancestors. These data have 
traditionally retrieved from fossil mammalian tooth enamel 
and paleosol carbonates using stable isotopes of carbon and 
oxygen, but recently the development of carbonate clumped-
isotope paleothermometry enables us to reconstruct 
temperature from terrestrial records. Here we present clumped-
isotope data from paleosol carbonates from the Awash Basin, 
Ethiopia, that cover the last 4.5 Ma. Clumped-isotope derived 
soil temperature values from the Awash Basin in the Plio-
Pleistocene average 35.0±4.0 ˚C (n = 41). Although there are 
no significant temporal trends in the data, the average 
temperature values generally decreased since the last 4.5 Ma. 
Reconstructed δ18O soil water in the Awash Basin was 
generally steady with low values in the Pliocene. Similarly, 
low δ18O soil water values are reconstructed in the 
Omo-Turkana Basin, however since ~1.5 Ma, the δ18O soil 
water values in Omo-Turkana Basin increased by ~4‰. These 
changes might suggest higher rainfall amount in the Pliocene, 
changes in the hydrology of the basins or changes in large-
scale atmospheric circulation pattern, which might 
significantly affect the ecosystem and available food resources, 
where our ancestors lived.  
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Coastal marshes at land-ocean interfaces accumulate and 

store large quantities of C in predominately anoxic soils. This 
results in long-term organic C burial. Short-term organic C 
turnover of marsh vegetation (e.g. Spartina alterniflora) by 
marsh soil microbial communities impacts production rates of 
greenhouse gases and marsh soil susceptibility to erosion. 
Organic C degradation rates were evaluated in the context of 
changes in microbial community composition, soil depth, 
proximity to water, and even the potential impact of the 
Deepwater Horizon oil spill in 2010 to Louisiana marshes. Soil 
and sediment cores were collected from 5 m inland and 1 m off 
the edge of the marsh, respectively, at two marshes that had 
varying oil levels in 2010. Inland microbial communities 
differed between the two locations, as well as between depths, 
particularly among proteobacterial classes, and Chloroflexi, 
and Bacteriodetes groups. Laboratory enrichment experiments 
were conducted using native soil or sediment (0-1 cm or 9-10 
cm depths) and filter-sterilized seawater, to which S. 
alterniflora leachate produced by tyndallisation was added 
(300 µmol-C; 20 µmol-N). Changes in chromophoric dissolved 
organic matter were measured by UV-Vis and fluorescence 
spectroscopy to determine rates of organic C humification, as a 
proxy for microbial degradation of labile C sourced from the 
leachate. Humification rates for both depths, at both sites, were 
fastest within two weeks after leachate introduction; however, 
degradation rates were an order of magnitude higher for the 
more heavily oiled inland soils than the other sediments. 
Enhanced microbial organic C degradation, linked to specific 
microbial communities at the more oil-impacted marshes, may 
be due to the priming effect caused by exogenous organic C 
(i.e. oil). These results may help to explain observed changes 
in variable gas flux and soil erosion rates at the oil-impacted 
marshes.  
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Knowledge of Pu adsorption and desorption interactions 

with mineral phases is crucial for understanding its 
environmental mobility. Here we demonstrate that 
environmental concentrations of H2O2 can affect the stability 
of Pu adsorbed to goethite, montmorillonite and quartz across a 
wide range of pH values. In batch experiments where Pu(IV) 
was adsorbed to goethite for 21 days at pH 4, 6, and 8, the 
addition of 5 – 500 µM H2O2 resulted in significant Pu 
desorption. At pH 6 and 8 this desorption was transient with 
re-adsorption of the Pu to goethite after 30 days. At pH 4, no 
Pu re-adsorption was observed. Experiments with both quartz 
and montmorillonite at 5 µM H2O2 desorbed far less Pu than in 
the goethite experiments highlighting the contribution of Fe 
redox couples in controlling Pu desorption at low H2O2 
concentrations. Plutonium(IV) adsorbed to quartz, and 
subsequently spiked with 500 µM H2O2 also resulted in 
significant desorption of Pu, demonstrating the complexity of 
the desorption process. Our results provide the first evidence of 
H2O2 catalyzed desorption of Pu(IV) from mineral surfaces. 
We suggest that this reaction pathway coupled with 
environmental levels of hydrogen peroxide may contribute to 
Pu mobility in the environment. 

 
This work was funded by U. S. DOE Office of Biological 

& Environmental Sciences, Subsurface Biogeochemistry 
Research Program, and performed under the auspices of the U. 
S. Department of Energy by Lawrence Livermore National 
Security, LLC under Contract DE-AC52-07NA27344. 
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Feedbacks between the deep weathering zone and the 
Earth’s surface are most effective in weathering profiles where 
the supply of O2 to the reaction front is diffusion-dominated. 
We test this hypothesis on a thick saprolite profile on 
charnockite bedrock in the Sri Lankan Highlands, where 
despite the tropical climate, the denudation and chemical 
weathering rates represent the low end-member of global rates 
[1, 2]. The first mineral attacked by weathering is Fe(II)-rich 
pyroxene, showing in situ Fe(II) oxidation. This oxidation 
leads to a porosity increase due to micro-cracking [3]. The 
accrued microcracks support aqueous fluid transport and favor 
the dissolution of biotite (also starting with in situ Fe(II) 
oxidation) and plagioclase. Extensive weathering of Na-rich 
plagioclase leads to further formation of secondary porosity. 
HR-TEM-analyses on primary and secondary minerals, and 
chemical sequential extractions showed that the first 
weathering products are non-crystalline and the precursors of 
secondary minerals (gibbsite, kaolinite, goethite, and smectite). 
The combination of strain build-up by oxidation of structural 
Fe(II) in pyroxene and biotite and the porosity formation by 
plagioclase dissolution leads to formation of spheroidally 
weathered corestones and their surrounding rindlets. Our 
evidence suggests that oxidation is the first occurring reaction, 
hence, O2 supply is a rate-limiting factor for chemical 
weathering in this setting. Importantly, the supply of O2 and its 
consumption at depth connects processes at the deep 
weathering zone with those at the surface in a feedback 
mechanism. Besides low erosion rate, the low weathering rate 
is the result of this feedback mechanism, promoted by low 
porosity bedrock, Fe(II) content in the bedrock and thick clay-
rich saprolite. 
 
[1] Hewawasam et al (2013) Geochimica et Cosmochimica 
Acta 118, p. 202-230 [2] von Blanckenburg et al (2004) J. of 
Geophys. Research 109, p. 1-22 [3] Fletcher et al (2006) EPSL 
244, p. 444-457 
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Previous investigations have identified coal processing and 

refuse disposal areas as a significant source of elevated SO4
2- 

and Cl- derived from the weathering of coal waste, which 
triggered greater restrictions on water quality standards for 
these facilities to protect aquatic life. This research paper 
provides the results of a 41-month kinetic test performed to 
determine the SO4

2- , Cl- and associated metal leach rates of a 
simulated coal refuse disposal area. Two refuse disposal 
options were investigated using 15.2-cm dia. by 63.5-cm high 
leaching columns: three simulated the conventional method of 
encasing fine coal refuse in coarse refuse (the control) and 
three leached a blend of dewatered fine with coarse refuse (co-
disposal). This experiment differed from most previous kinetic 
testing in that a measured amount of compaction was applied 
to the refuse materials to better simulate mine placement. The 
experiment validated our hypothesis that co-disposal 
minimizes the mobilization of SO4

2- and Cl- from coal refuse 
disposal facilities. Metal (i.e. Fe, Ni, Zn, and Cd) mobility was 
minimized by the presence of inherent alkalinity-producing 
minerals that maintained circumneutral pH conditions in 
blended refuse columns. In one of the three columns 
simulating coarse refuse disposal low pH, high metal (Al, Fe, 
Mn) leachate discharged after 12 months. Na and Cl- levels are 
initially high in all columns but declined rapidly as salt flushed 
from the columns. For example, average year 1 release rates 
were 30.9 and 3.2 mg/kg-wk., respectively, for coarse refuse 
columns. Additional field-scale leaching experiments are 
investigating the scale-factor. 
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The formation and evolution of island arcs and the 

magmatic processes involved remain a matter of active debate. 
The southern New Hebrides island arc and the Coriolis 
Troughs backarc provide the opportunity to address important 
questions related to magmatism and hydrothermal activity in 
relatively young island arcs. The Coriolis Troughs consist of 
three extensional basins (Vate, Erromango and Futuna from 
north to south) each between 10-30 km wide and about 75 km 
long that opened during the past 6 Ma as a result of the 
clockwise rotation of the arc. The three basins are bordered by 
shallow but magmatically active and complex ridges. 

Here, we present new glass and whole rock major and trace 
element data from the Epi caldera in the arc front and three 
localities in the Coriolis Troughs from expedition RV Sonne 
SO-229. Major and volatile elements of fresh volcanic glasses 
were measured by electron microprobe and trace elements will 
be measured by solution ICP-MS. The northernmost samples 
from Epi caldera are exclusively evolved with SiO2 contents > 
60 wt.% and MgO contents < 2 wt.%. Mafic streaks in pumice 
from Epi caldera suggests that mafic melts were injected into 
rhyolitic magma chambers triggering eruptions. Samples from 
Nifonea ridge, situated in Vate Trough, range from tholeiitic to 
alkaline basalts to trachybasalts. ROV sampling at Nifonea 
ridge also revealed active hydrothermal activity and the largest 
compositional range is observed at the active hydrothermal 
vent site in a large caldera. Contrastingly, samples from the 
northernmost Futuna Trough display a bimodal distribution 
with one group of samples situated at 60 wt.% and several 
basaltic samples at around 50 wt.% SiO2. The major elements 
and on-board petrography reveal extensive fractionation of 
olivine, clinopyroxene and plagioclase. Fractionation corrected 
(Na2O)8 contents of the basaltic samples from Nifonea and 
Futuna indicate that the degrees of partial melting are slightly 
lower at Futuna compared to Nifonea, which is in agreement 
with a slightly deeper initiation of melting underneath Nifonea 
compared to Futuna. We will use the trace elements to quantify 
the dynamics of melting to better constrain the melting and 
mantle source processes underneath this rifted island arc. 
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Riverine and ocean waters are enriched in 24Mg compared 

to the homogenous chondritic Mg isotopic composition of the 
Earth’s mantle [1] requiring a fractionation step that is 
generally attributed to continental crust weathering [2,3]. Here 
we present new observations indicating that this enrichment 
may originate from Mg isotope fractionation during the 
hydrothermal alteration of primary silicates. Hydrothermally 
altered ultramafic rock samples were collected from three 
different localities in Norway. Coexisting olivine and 
serpentine exhibit invariant Mg isotope ratios suggesting that 
serpentinization does not fractionate Mg isotopes. In contrast, 
carbonation results in significant inter-mineral Mg isotope 
fractionation between antigorite, magnesite, and talc. The 
carbonation of constrained by O isotope thermometry at ~275 
˚C [4] and closes the temperature gap between previous 
investigations of the natural distribution of Mg isotopes during 
weathering and magmatic processes. The precursor antigorite 
has δ26Mg (DSM3)=-0.11±0.05‰, whereas the talc is enriched 
in 26Mg with mean δ26Mg=0.17±0.08‰ and the magnesite is 
depleted in 26Mg with mean δ26Mg=-0.95±0.15‰. Our data 
suggest that hydrothermal ocean floor alteration may result in 
the formation of a 24Mg enriched sink. Fast dissolution of 
carbonate minerals during chemical weathering of altered 
ultramafic and mafic rocks on the continents will yield 
isotopically lighter Mg to continental runoff. 
 
[1] Teng et al (2007) EPSL 26, 84-92 [2] Tipper et al (2006) 
EPSL 247, 267-279 [3] Wimpenny et al (2010) GCA 74, 5259-
5279 [4] Beinlich et al (2012) Terra Nova 24, 446-455 
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Subsurface hydrogeochemical systems, like the critical 

zone, are the result of dynamic coupled relationships between 
physical, geochemical, and microbial processes. Reactive 
transport models provide a quantitative way to evaluate such 
complex systems. However, parameters and reactions exhibit 
strong scale-dependence, limiting our ability to extrapolate 
laboratory results to field systems. We have developed a 
parallel reactive transport model that allows for numerical 
simulation of complex, heterogeneous subsurface 
environments where hydrological, chemical, microbial 
processes interact. A series of simulations were conducted 
using ParCrunchFlow to evaluate important interactions 
between biogeochemical reactions and transport processes in 
carbon and nutrient cycling in a floodplain setting. These 
simulations capture the influence of physical and mineralogical 
heterogeneity on oxygen concentrations in a variably reductive 
subsurface. Steady state oxygen concentrations in the 
simulations are low in areas of low hydraulic conductivity and 
high total organic carbon where microbial reactions result in 
the reduction of nitrate to ammonia. The second-order explicit 
Godunov method was used to calculate advection, which 
minimized numerical dispersion and resolved sharp boundaries 
and steep gradients at boundaries between high and low 
permeability zones. These zones are more diffuse when 
simulated with lower-order advection schemes available in 
other reactive-transport simulators. Upscaled, effective 
reaction rates in the floodplain vary with differences in the way 
permeability and mineralogy are heterogeneously distributed in 
the subsurface.  
 

 
 
 
 

 
 
 
 

 



 Goldschmidt2014 Abstracts  

 

160 

160 

Subsurface Hydrologic Limitations on 
Crude Oil Biodegradation 

BARBARA BEKINS1, MARY JO BAEDECKER2, 
ROBERT P. EGANHOUSE2, FRANCES D. HOSTETTLER1, 

DINA M. DRENNAN3, WILLIAM N. HERKELRATH1, 
EAN WARREN1, GEOFF DELIN4  

AND ISABELLE M. COZZARELLI2 
1USGS, 345 Middlefield Rd., Menlo Park, CA 94025, USA 
2USGS, 12201 Sunrise Valley Dr., Reston, VA 20192, USA 
3Colorado School of Mines, Golden, CO 80201, USA 
4USGS, Denver Federal Center, Lakewood, CO 80225, USA 
 

In a crude oil contaminated aquifer near Bemidji, 
Minnesota, USA, hydrologic processes limit oil weathering 
rates in two ways: (1) relative permeability for water moving 
through the oil controls dissolution rates; and (2) recharge 
from the land surface transports limiting growth nutrients 
unequally to different locations. The oil contaminated zone is 
75m x 25m centered on the water table at a depth of 6-8m. Gas 
and water concentrations and microbial community data show 
that methanogenic conditions prevail in this zone. Volatile 
compounds in the oil, including alkylbenzenes, naphthalenes, 
cyclohexanes and C6-C12 n-alkanes, show that loss rates of 
individual compounds are controlled by relative solubility and 
susceptibility to methanogenic biodegradation. Benzene and 
ethylbenzene persist under methanogenic conditions at this 
site, such that dissolution is the primary loss mechanism from 
the crude oil. Losses are linearly correlated with pore space oil 
saturations and consistent with the relative solubilities of these 
compounds. A 13-months microcosm study confirmed 
persistence of benzene under methanogenic conditions.  

Compounds susceptible to methanogenic biodegradation 
include the n-alkanes, toluene, and o-xylene. There is extreme 
spatial dependence in the degradation rates such that the n-
alkanes are mostly degraded in the upgradient end, but are 
nearly unaltered in the downgradient end. Surface hydrologic 
properties controlling groundwater recharge at this site have a 
large effect on the biodegradation rates in the subsurface. 
Recharge rates estimated in 2002 using moisture probes show 
that the more degraded end received over twice the recharge of 
the less degraded end. Real-time qPCR data show that the 
average methanogen concentrations are 37 times greater in the 
more degraded end of the oil body suggesting that a growth 
nutrient is supplied by recharge. In summary, these results 
indicate that biodegradation is tightly coupled to the physical 
processes of permeability and recharge. 
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Southwest Guizhou Province is underlain by an extensive 

thickness of upper Paleozoic and lower Mesozoic sediments. 
The Permian, although areally much less extensive, contains 
coal-bearing argillaceous sediments (Longtan Formation) that 
crop out related to fault or fold structures. Southwest Guizhou 
Province also is the site of extensive, albeit small-scale, gold 
mining from discontinuous sediment-hosted (Carlin-type) gold 
deposits. The gold deposits in some areas tend to be fault 
controlled and in other localities the gold deposits are 
associated with an unconformity at the base of the coal-bearing 
Longtan Formation. The coal in some parts of this region is 
extraordinarily enriched (whole coal basis) in As (up to 3.5 
wt%), Sb (up to 360 ppm), Au (up to 570 ppb), Hg (up to 50 
ppm), and W (up to 1200 ppm). U.S. coals [1], typical of world 
coal element abundances, have mean values of 24 ppm As, 1.2 
ppm Sb, < 5 ppb Au, 0.17 ppm Hg, and 1 ppm W. The 
economic gold deposits in Guizhou Province are sited mainly 
in carbonate or organic-rich pelite, suggesting that the coal-
Carlin-type fluid interaction was not as an efficient scavenger 
as other host rocks. The use of high-arsenic (>1,000 ppm; 
some > 3 wt.%) coals for domestic heating and cooking have 
caused in excess of 3000 cases of arsenic poisoning [2] in 
several villages. The structural complexity of the area and 
mineralized coal association suggests that coal zones 
containing high element enrichments are probably as irregular 
and discontinuous as the gold deposits. The local health 
officials have instituted a program of testing the coal being 
mined for high concentration of As. This is a very important 
aspect of public health but the discontinuous and varied nature 
of the As-rich coal zones suggests that this program will 
require constant monitoring. 

 
[1] Finkelman (1993) in Organic Geochemisty, Engel & 
Macko, eds., 593-607 [2] Belkin et al (2008) in Environmental 
Geochemistry, De Vivo, Belkin, & Lima, eds., 401-420 
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The trachyte-phonolite Campanian ignimbrite erupted at 

39 ka [1] with an estimated volume > 200 km3. The Cl-bearing 
marialitic scapolite (4.1 wt% Cl), cancrinite (8 wt% Cl), 
sodalite (7.2 wt% Cl), halite, and sylvite have been identified 
in massive yellow and gray facies ignimbrite and in the welded 
proximal facies called ‘piperno’. Textures, fluid and solid 
inclusions, and crystal habit, indicate that these minerals 
formed post-emplacement from hot aqueous fluids. Cooling, 
fluid migration, and perhaps post-emplacement fluid 
exsolution mobilized sufficient material from the erupted mass 
to form a variety of Cl-rich phases, alter glass, and to form 
overgrowths on alkali feldspar. Some of these Cl-bearing 
phases are partially altered. Cl-rich scapolite has been reported 
[2] from fumarolic mounds in the Bishop tuff, erupted at 759 
ka. and we find Cl-rich scapolite in lithophyse and along 
cracks in the Tshirege Member, Upper Bandelier Tuff (1.2 
Ma.). We do not know of any occurrences in older volcanics. 
We suggest that given enough time, these Cl-rich phases will 
alter, releasing Cl to the groundwater via water-rock 
interaction. Hence, the chemistry of the bulk ignimbrite will, in 
time, become Cl depleted. This suggests that comparison of Cl 
concentrations in early pristine silicate-melt inclusions (~ 
initial Cl concentration) to the bulk chemistry of the erupted 
products (~ final Cl concentration) in older deposits may 
assume a greater atmospheric Cl emission than had actually 
happened. 

 
[1] De Vivo et al (2001) Min & Pet 73, 47-65 [2] Sheridan 
(1970) Bull. GSA 81, 851-868 
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Our understanding of when life emerged on Earth is 
limited by the nature of the geologic record. As rocks become 
sparser with age, the chances of preserving fossil or 
chemofossil evidence of a biosphere is greatly diminished. 
Coupled with the metamorphosed nature of early Archean 
rocks, the search for evidence of life’s origins requires us to 
turn to unconventional records. For example, graphitic 
inclusions in apatite from ≥3.83 Ga rocks from southwest 
Greenland have highly negative δ13C suggestive of a biologic 
origin1. Detrital zircons from Jack Hills, Western Australia, 
range up to nearly 4.4 Ga and host diverse mineral inclusions2. 
We examined 46 >4 Ga Jack Hills zircons (prepared using 
non-C-bearing polishing grit) using Raman spectroscopy and 
found C-bearing inclusions in 3. One such sample (RSES77-
5.7) coexists with rutile, quartz, Fe-oxides, and muscovite in a 
4.06 Ga zircon. Another (RSES61-18.8) occurs alone in a 4.1 
Ga zircon. These observations contrast with an earlier report3 
that found a much higher occurrence of graphitic inclusions as 
well as the presence of diamonds. However, that study was 
found to be compromised by contamination during sample 
preparation4, warranting this re-examination. We conclude that 
Hadean zircons do contain carbonaceous inclusions, albeit at 
lower abundance than previously claimed. Pending SIMS C 
isotopic analyses should provide the first clues as to the nature 
of the Hadean carbon cycle.  
 
[1] Mojzsis et al (1996), Nature 384, 55-59 [2] Hopkins et al 
(2008), Nature 456, 493-496 [3] Menneken et al (2007), 
Nature 448, 917-920 [4] Dobrzhinetskaya et al (2014), EPSL 
387, 212-218 
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Detrital zircons from Jack Hills, Narryer Gneiss Complex 
(Yilgarn craton), are the best yet known resource for 
investigating the Earth’s first few hundred million years. 
Previous Lu-Hf investigations of these zircons suggested that 
continental-like (low Lu/Hf) crust formation began by ~4.4-4.5 
Ga and continued for several hundred million years1. The most 
isotopically primitive crust represented in the Jack Hills 
population was preserved until at least ~4 Ga. However, 
evidence for the involvement of Hadean materials in later 
crustal evolution is sparse, and even in the Jack Hills zircon 
population, the most unradiogenic, ancient isotopic signals 
have not been identified in the younger (<3.9 Ga) rock and 
zircon record. We present new Lu-Hf results from <4 Ga Jack 
Hills zircons that indicate a significant transition in Yilgarn 
crustal evolution between 3.9 and 3.7 Ga. The Jack Hills 
zircon protolith evolves largely by internal reworking through 
the period 4.0 to 3.8 Ga, and both the most ancient and 
unradiogenic components of the crust are missing from the 
record after ~4 Ga. New juvenile additions to the crust at ca. 
3.9-3.8 Ga are accompanied by the disappearance of 
unradiogenic crust ca. 3.9-3.7 Ga. Additionally, this period is 
also characterized by a restricted range of δ18O and an overall 
shift in several zircon trace element characteristics after ca. 
3.9-3.8 Ga. The simultaneous loss of ancient crust 
accompanied by juvenile crust addition can be explained by a 
mechanism similar to subduction – which effects both 
processes on modern Earth. Other geochemical information, 
although less sensitive to processes like crustal recycling, also 
supports a transition in zircon formation environment in this 
period. Comparison of Jack Hills zircons with detrital zircons 
from modern drainages in the Yilgarn craton (from [2]) 
suggests that much of the Hadean crust is no longer sampled in 
the Yilgarn after ca. 2.6 Ga. Better understanding the fate of 
Hadean crust sampled by the Jack Hills zircons may allow for 
estimates of early crust longevity for comparison to other 
Archean terranes. 
 
[1] Harrison, Schmitt, McCulloch, Lovera (2008), Earth 
Planet. Sci. Lett. 268, 476–486 [2] Griffin, Belousova, Shee, 
Pearson, O’Reilly (2004) Precam. Res. 131, 231-282 
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The Rare Earth Elements (REE) include two radiogenic 
systems with long-lived, parents: 138La-138Ce (T1/2= 292.5 Ga) 
and 147Sm-143Nd (T1/2= 106 Ga). These four elements are 
incompatible but cerium displays a specific behavior in 
supergene environnments. At ambient oceanic conditions, Ce 
is oxidized into Ce4+ and it is more quickly removed from 
seawater than the other tri-valent REE [1]. As a result, La and 
Ce are strongly decoupled in pelagic sediments and Fe-Mn 
nodules. Here, we present Ce-Nd isotope data measured on 
lavas and sediments from two different oceanic arc systems. 
Lavas from Martinique Island exhibit a large range of Sr-Nd-
Hf-Pb isotopic compositions due to the involvement of crustal 
material in their source [2,3]. The isotopic composition of 
Mariana lavas is less heterogeneous, but the Ce anomalies 
identified in the REE pattern of some samples could be 
explained by the presence of subducted pelagic sediments 
[4,5].  

The chemical separation and purification of Ce uses three 
different chemical steps and isotope ratios are measured on a 
TIMS instrument. The mean 138Ce/142Ce for the Ames standard 
is 0.0225749±8 (n=64; 2σ=37ppm), whereas analyses 
performed on two chondrite samples gave a mean value of 
0.0225654±7. All these results are in agreement with previous 
studies [6,7]. 

138Ce/142Ce ratios of Martinique lavas display a small but 
significant range (-0.5 to +1.8 εCe, deviation to chondritic value 
×104). They correlate well with Nd, Sr and Pb isotopes [3] and 
provide a strong evidence for sedimentary effect on Ce 
isotopes in this arc. The 5 studied sediments yield εCe between 
+2.3 to +1.2. These values are consitent with the terrigeneous 
nature of the subducted sedimentary pile involved in the lava 
genesis. Ce and Nd isotope measurements of Mariana lavas 
and sediments from the ODP site 801 are currently in progress. 
We will present the first comparison of high precision Ce 
isotope measurements for these two oceanic arcs with 
contrasting geodynamic settings. 

 
[1] Elderfield, 1982, Nature 296. [2] Carpentier et al 2008, 
EPSL 272. [3] Labanieh et al 2010, EPSL 298. [4] Hole et al. 
1984, JGSL 141. [5] Elliott et al 1997, JGR 102. [6] Willbold, 
2007, JAAS 22. [7] Makishima & Masuda, 1993, Chem geol 
106.  

 



 Goldschmidt2014 Abstracts  

 

166 

166 

Preparation of a borate glass 
calibration standard for LA-ICPMS 

analysis of sulphides 
I. BELOUSOV1, L. DANYUSHEVSKY1 AND P. OLIN1 

1ARC Centre of Excellence in Ore Deposits (CODES), 
University of Tasmania, Private Bag 79, Hobart, Australia 
7001 
ivan.belousov@utas.edu.au 

 
Currently available standards for LA-ICPMS analysis of a 

wide range of trace elements in sulphide minerals either 
contain a limited range of elements [1] or have low and/or 
often unevenly distributed volatile elements and precious 
metals (e.g. Se, Te, Tl, Pt, Au) [2]. In order to overcome these 
difficulties we have experimented with fusing sulphide mineral 
mixes in a variety of borate-based fluxes. A range of flux 
compositions, heating and cooling regimes and time at high 
temperatures have been tested in order to produce a 
homogeneous glass disk with an appropriate proportion of 
sulphide, while retaining volatile elements. 

Best results were achieved with using Li tetraborate as a 
flux with Na or Li nitrate as oxidizing agent at gas fluxer (M4 
by Claisse). Selenium was added as elemental Se, while 
thallium was added as carbonate (Tl2CO3). New standard glass 
STDGL-3 contains homogeneously distributed volatile 
elements (Se, Te, Tl, Sn) and precious metals (Au, Pt). For 
example, Se values variation is within 3%, compared to 17% in 
STDGL-2 [1]. Lower temperatures, vigorous continuous 
mixing and shorter fluxing experiment times allowed for better 
retention of volatile elements. For example, 85% of Se and 
more than 95% of Tl were lost during making of STDGL-2, 
whereas > 50% of Se and Tl were retained with the new 
procedure. Suitability of the new standard for LA-ICPMS 
analysis of sulphide minerals will be demonstrated. 
 
[1] Wilson et al 2002. JAAS, v.17, pp.406–409 [2] 
Danyushevsky et al 2001. GEEA,. v.11, pp. 51-60 
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Trace element contents in pyrite is an important source of 

information on the nature and composition of the ore forming 
fluids. Detailed information on trace element contents of 
individual growth zones across different generations of pyrite, 
combined with Pb isotopic composition provides constraints 
on the sources and timing of mineralisation [1]. 

In this study, over 800 LA-ICPMS analyses of pyrite [2] 
have been performed in mineralised and barren samples from, 
and in the vicinity of 30 different ore deposits in Western 
Australia as well as background rocks. In each sample, element 
deportment within pyrite was assessed, distinguishing between 
elements present within pyrite structure or in micro-inclusions. 
Micro-inclusion populations were determined by determining 
the associations of Au and Ag with other elements (As, Pb, Bi, 
Te, Hg, Se, Tl). 

The Apache K-Means cluster analysis (in the ioGas 
software) was used to investigate differences in pyrite 
composition from volcanic hosted massive sulfide deposits 
(VHMS) and orogenic Au deposits. VHMS deposits 
commonly contain pyrite with higher Pb, Bi, Co, Se and Sn 
contents and typically Co>Ni, whereas only a small proportion 
of analyses orogenic gold deposits had Co>10Ni. Some 
compositional differences between geographical locations and 
host rock compositions were also observed. 

The data allows for: 
• determination of Au and Ag deportment for 

various types of deposits  
• discrimination of prospects according to the 

various genetic models 
• assesment of the Au solubility in pyrite [3] for a 

wide range of different deposits. 
Pyrite trace element and Pb isotopic data has the potential 

to becoming a useful tool for mineral exploration. 
 
[1] Large et al 2011. Econ.Geol., v.106, pp.331-358 [2] 
Danyushevsky et al 2001. GEEA, v.11, pp 51-60 [3] Reich et 
al. 2005. GCA, v.69 (11), pp.2781-2796  
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Oceanic oxygen minimum zones (OMZs) play a central 

role in ocean biogeochemical cycles and are expanding as a 
consequence of climate change, yet how deoxygenation will 
affect the microbial communities that control these cycles is 
unclear. Here we sample across dissolved oxygen gradients in 
the oceans’ largest OMZ (the eastern tropical North Pacific 
ocean or ETNP) and show that bacterial richness displays a 
unimodal pattern with decreasing dissolved oxygen, reaching 
maximum values on the edge of the OMZ and decreasing 
within it. Rare groups on the OMZ margin are abundant at 
lower dissolved oxygen concentrations, including sulphur-
cycling Chromatiales. We demonstrate sulfate reduction 
within the ETNP OMZ, and sulfur oxidation on the OMZ edge, 
based on patterns of functional gene expression. These data 
provide potential thresholds for sulfur cycling in OMZs and 
closely mimic recent model predictions. Our microbial species 
distribution models (MSDMs) accurately replicate community 
patterns based on multivariate environmental data, demonstrate 
likely changes in distributions and diversity in the eastern 
tropical North Pacific Ocean, and highlight the sensitivity of 
key bacterial groups to deoxygenation. Through these 
mechanisms, OMZ expansion may alter microbial 
composition, competition, diversity and function, all of which 
have implications for biogeochemical cycling in OMZs. 
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Steep chemical gradients occur in aquatic ecosystems 

when oxygen is depleted through microbial activity, such as in 
oceanic oxygen minimum zones (OMZs). Human-driven 
expansion of OMZs and other low-oxygen aquatic ecosystems 
compresses habitat for aerobic macroorganisms and alters 
microbial ecology and biogeochemistry, yet our understanding 
of these changes is limited by a lack of systematic analyses of 
low-oxygen ecosystems. Marine lakes are an ideal comparative 
system, as they span a deoxygenation gradient from well-
mixed holomictic lakes, to stratified, anoxic, meromictic lakes 
that vary in their extent of anoxia. We analyzed 7 marine lakes 
in the Republic of Palau using next-generation sequencing of 
16S rRNA genes and quantitative PCR for nitrogen- and 
sulfur-cycling functional genes. Microbial diversity typically 
increased with depth or was minimal at mid-depth in 
meromictic lakes, while community similarity declined sharply 
with increasing depth. Community similarities ranged from 9% 
to 86% across samples, reflecting the dominance of typical 
marine Cyanobacteria, SAR11, and SAR86 bacteria in the 
epilimnion of most lakes, and markedly different community 
composition in the anoxic hypolimnion. Hypolimnion bacteria 
included anoxygenic phototrophs, sulfate-reducing bacteria, 
and SAR406—all of which are known to participate in the 
biogeochemical cycling of carbon, nitrogen, and sulfur in other 
anoxic aquatic habitats. Quantitative PCR showed that 
ammonia-oxidizers were limited to discrete depths, whereas 
nitrite oxidizers were present over a wide range of conditions, 
including anoxic and sulfidic conditions. Denitrifier nitrite 
reductase (nirS) genes were also detected in the sulfidic 
hypolimnion of all meromictic lakes, whereas anammox nirS 
and 16S rRNA genes were not. Collectively these data provide 
new insight into open ocean OMZs and provide a new model 
system for microbial ecology and biogeochemistry within low-
oxygen marine ecosystems.  
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Kamchatka and West Bismarck peridotites from the sub-

arc lithospheric mantle preserve percolation of low-Ca boninite 
melts as orthopyroxene and sulfide-rich veins. Noble metals 
(platinum group elements [PGE], Au and Ag), Re and base 
metals in bulk peridotites and veins, combined with in-situ 
analyses of sulfides, show these low-Ca boninites have 
exceptionally high PGE abundances (e.g., 0.5-1.5 ppb Ir), 
which are close to those in komatiites. These features originate 
from hydrous melting of PGE-rich harzburgites at high 
temperature (≥1400°C) and high oxygen fugacity. Detailed 
documentation (SEM and EPMA mapping, LA-ICPMS 
analyses) of the vein sulfides reveal the early precipitation of 
refractory Os-Ir alloys. 

The mantle veins are 10 to 1000 times enriched in I-PGE at 
similar P-PGE abundances relative to erupted boninites and 
boninitic crustal cumulates from Kamchatka. This outlines the 
role of primary nuggets and possibly Fe3+-rich spinels in 
scavenging I-PGEs at the earliest crystallization stages of the 
boninitic liquid. Indeed, Cr contents measured in primitive 
(≥15 wt.% MgO) melt inclusions are very high (≥0.3 wt.% 
Cr2O3), and oxidized Cr-spinels are abundant in the veins. 
Low-Ca boninite veins have U-shaped REE patterns formed 
from melt-rock interaction in the mantle, together with high 
abundances of most incompatible lithophile elements (Cs, Rb, 
Ba, Th, U). Both anhydrous and hydrous minerals have much 
higher F and Cl contents in the veins than in the host 
peridotites, likely related to amphibole breakdown during re-
melting of refractory harzburgites. 

The high Cr, U-shaped REE patterns and F-Cl-rich 
hydrous minerals, along with elevated noble metal abundances, 
are distinctive features of economic reef horizons in massive 
layered intrusions, such as Bushveld or Stillwater. We suggest 
formation of these reef horizons involved low-Ca boninite 
liquids derived from re-melting of Si-rich, shallow sub-
continental mantle lithosphere, typified by refractory, 
orthopyroxene-rich spinel harzburgite. 
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We studied the changes in major elements and organic 
carbon concentrations during the initial stage of the mixing of 
black (Rio Negro) and white (Rio Solimoes) waters in the 
Amazon River basin to understand the geochemical processes 
that could control the redistribution between particulate and 
dissolved fractions. Water samples were collected at 13 
stations including the Rio Negro and the Rio Solimões and 
stations downstream from the confluence. The relative 
contributions of the two tributaries were determined using a 
single tracer approach. Particulate (>0.2 µm) and dissolved 
(<0.2 µm) concentrations of major elements (Ca, Mg, Fe, Al, 
Si) and organic carbon (POC and DOC) were measured. Major 
elements in the particulate fraction were found to have a 
nonconservative behaviour in the initial stage of the mixing 
due to mineral removal. In the dissolved fraction, conversly to 
previous results [1], the DOC, behaved conservatively. The Fe 
losses could be due to preferential removal of Fe bound to N-
rich organic matter (OM) and/or to preferential removal of Fe 
oxyhydroxides. The increasing dissolved manganese content in 
the dissolved phase could be explained by a reductive 
dissolution of manganese oxides due to massive inputs of 
phenolic-rich OM from lateral inputs like floodplains.  

 
[1] Aucour et al (2003) Chemical Geology 197 271–285 
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In many coastal hydrogeologic systems, the management 
of groundwater resources is constrained by the presence of 
brackish or saline waters that endangers, often irreversibly, the 
future of these resources. While the source of salinity can 
sometimes be clearly identified to be modern seawater 
intrusion into aquifers, such a single source is not the case in 
many systems. Ancient marine intrusion, winddriven sea spray 
and marine aerosols deposited at the topsoil, effects of 
mobilised salts stored in the unsaturated zone, evaporative 
enrichment and local pollution may further contribute to the 
salinization of groundwaters. This phenomenon is a major 
drawback for water use for irrigation and drinking water 
supply in arid and semi-arid regions the case of Tunisia where 
water quality problems superpose to a general quantitative 
limitation of freshwater availability. Tunisia has 1,300 
kilometres (810 mi) of coastline and the state, sources of 
salinity in Tunisian coastal aquifers are assessed through a 
GIS-based approach and a literature review of geochemical 
studies. The approach is based on recent data (2001-2013) on 
the mineralization of the six Tunisian coastal groundwater 
(Jeffara in the south, Sousse aquifer in the center, the Eastern 
coast and El Haouaria aquifers in the Cap Bon area, the lower 
valley of Medjerda and Ras Jebel aquifer in the north). This 
study involves a comprehensive chemical and isotopic 
evaluation of water samples collected between 1999 and 2013. 
For the major part of these regions, the groundwater quality is 
deteriorating. Different methods using geochemistry (ions Na+, 
Cl−, Ca2+, Mg2+, Br−) and isotopes (18O ,2H, 3H, 14C) are 
compared with the hydrodynamic information for identifying 
the main processes involved in the increase in mineralization. 
Along the coast, the seawater intrusion resulting from the 
groundwater overexploitation is identified in Ras Jebel, Sousse 
and in the Eastern coast aquifer but is not the only cause of the 
qualitative degradation: the irrigation development that induces 
the soil leaching is another major reason for the mineralization 
increase. The salinity of the groundwater is also caused by 
dissolution of evaporate rocks (gypsum and halite minerals) in 
the aquifer system.  
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Detection of hydrated salts provides strong evidence for 

past aqueous activity on the surface of Mars. Bassanite 
(CaSO40.5H2O) has been detected in a number of locations 
[1,2], and in some cases it forms laterally extensive deposits 
[1]. Given that gypsum (CaSO42H2O) is the stable calcium 
sulfate under Mars surface conditions, the finding of bassanite 
is surprising. Rehydration of desiccated gypsum in the 
presence of ice results in the formation of bassanite [3], as does 
humidity-driven cation exchange reactions between Ca-
smectites and Mg-sulfates [4]. However, complete desiccation 
of gypsum under Mars surface conditions is difficult to 
achieve, and smectite-sulfate assemblages are not often 
observed on Mars. 

We investigated two additional potential bassanite 
formation pathways: i) low-pressure- and low-humidity-driven 
dehydration of gypsum, and ii) dry oxidation of the Ca-sulfite 
hannebachite (CaSO30.5H2O) by gaseous oxidants produced 
in the martian atmosphere. The latter of these is motivated by 
the suggestion that volcanic emission of SO2 may have resulted 
in the precipiattion of sulfite salts at the expense of carbonates 
[5]. Neither gypsum dehydration nor exposure of hannebachite 
to dry O2 resulted in bassanite formation. Oxidation of 
hannebachite by O3 and H2O2, however, yielded essentially 
pure bassanite (Fig. 1), suggesting a potential role for 
hannebachite oxidation in the formation of bassanite on Mars 
with implications for the planet’s climatic and volcanic history. 

 

 

Figure 1: Hannebachite oxidation products. 
 
[1] Wray et al (2010), Icarus 209. [2] Vaniman et al (2014), 
Science 343. [3] Vaniman et al (2009), LPS XL. [4] Wilson & 
Bish (2011), JGR-Planets 116. [5] Halevy & Schrag (2009), 
GRL 36. 
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The mechanisms and pathways controlling the often multi-
stage reactions governing nucleation and growth of inorganic 
compounds from supersaturated solution are still poorly 
understood. This is despite the fact that such knowledge 
dramatically affects our ability to globaly quantify important 
inorganic or biologically mediated mineral formation reactions 
(e.g., crystallization of melts, evaporite formation, 
biomineralization etc.). In addition, the lack of data on mineral 
formation hinders our mitigation ability of antropogenically 
induced mineral precipitation (e.g., changes in our cultural 
heritage, mineral scaling in oil pipes etc.).  

However, hope is on the horizont. In the last 10 years the 
classical view of how minerals nucleate, grow or inter-
transform has dramatically changed. This is primarily due to 
the development and application of many novel high spatial 
but also in situ and high temporal resolution quantification 
methods and the advances in molecular modeling capabilites. 
Such tools aid our understanding of critical changes in solution 
parameters during nucleation (e.g., composition, specation, 
redox etc) but also, and importantly, many novel high 
resolution scattering, diffraction or spectroscopic tools 
specially when combined with high resolution imaging and 
mapping now allow us to quantify even minute changes in all 
physical and chemical characteteristics of particles from even 
prior to the initial nucleation and during each stage of growth 
or transformation to finally geologically stable minerals.  

I will discuss the advances in the last 10 years in our 
understanding of nucleation, growth and transformations of 
CaCO3 and CaSO4 phases, and show how this affects our 
knowledge of global biogeochemical cycles or how such new 
information helps us take better care of our cultural heritage 
sites or improve industrial processes.  
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In the recent years, growing concern for environmental 

issues have brought researchers of both analytical and 
materials science to investigate appropriate processes for the 
removal and/or monitoring of various pollutants. Among the 
pollutants, arsenic is one of the most toxic elements that can be 
found, as it is a strong poison and a carcinogen. Unfortunately, 
it is released into the environment during many industrial 
processes. Thus, the removal of arsenic from process solutions 
and effluents is necessary to protect the environment. 

The aim of this work is to study arsenic adsorption 
behavior onto clays from Morocco. Four clay samples were 
investigated: red clay and yellow clay from Oued aou 
(Tétouan), E clay from Tetouan and stevensite from the south-
eastern border of the Tertiary basin of Missour. 

Adsorption isotherms were conducted as a function of pH, 
and initial As concentration. Also the kinetics of adsorption 
was investigated and FTIR, CEC, TOC, XRD measurements 
were performed on red and yellow clays. 

Langmuir and Freundlich isotherms were employed to 
describe the Arsenic adsorption in this clay. 

The result obtained shown that these two models are 
favorable process of red clay and E clay. Furthermore, for 
yellow clay and stevensite were correlated by the Langmuir 
and Freundlich models respectively.  

The order of affinity of As toward the 4 clays was red 
clay> E clay> stevensite > yellow clay. This order of affinity is 
explained by the presence of iron oxides (hematite) revealed 
by IR analysis of the solid in the red clay. On the other hand, 
neither CEC nor TOC data allowed us to conclude about this 
order of affinity. 
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Oxygen Fluctuations on Monthly and Annual Scale 

A time series of oxygen concentration has been measured 
for a SPOT (San Pedro Ocean Time series) between Los 
Angeles and Catalina Island since 1998. Monthly 
measurements reveal a decline in thermocline oxygen content 
defining a slope of 3.5 µM per year. While CalCoFI work has 
identified a similar trend in O2 in S. California waters, this rate 
is faster than that previously published and, extended another 
10-20 years, places hypoxic waters on the shelf. We have 
investigated this trend both in terms of changes in water mass 
and in relations to changes in productivity. To this end, we 
have been measuring oxygen consumption (BOD) in waters 
from 100 m in the presence and absence of nutrient 
ammendments. During certain parts of the year, the additon of 
inorganic N and P increases BOD. Fluctuations in 
unammended BOD are large and seem to correlate with 
productivity. In the spring, BOD is largest, 0.15 µM/hr and in 
early winter BOD is smallest, < 0.03 µM/hr. BOD is scaled to 
seasonal measurements of POC export. 
Oxygen Fluctuations on Centennial Scale 

We have analyzed a time series of sedimentary δ15N 
isotope profiles, from 1900 to the present using laminated 
sediments collected off Baja California and in Santa Monica 
Basin. The past 20 years has been a period of increasing 
denitrification intensity in ETNP OMZ. However, from 1900 
to 1990 the sediments provide evidence that the OMZ has been 
shrinking, not expanding. Historical climate data and Earth 
system model simulations reveals changes in the ocean’s 
largest anoxic zone over the 20th century were driven by 
tropical winds, and are likely to shrink as the climate warms. 
We further investigated decadal variability in the difference 
between the sedimentary δ15N signal off Mexico and off S. 
California and find a reasonable coherence in this metric and 
the PDO index. We propose that this metric is an index of 
mixing between southern and northern end-members in δ15N 
nitrate. The sediments deposited in Santa Monica Basin are 
sensitive to the nitrate isotope values of these end-members 
and also recording the degree of water-mass mixing. 
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It is assumed that efficient core formation in rocky bodies 
in the early solar system was dependent on extensive silicate 
melting and ‘ponding’ of core-forming melts at the base of a 
silicate ‘magma ocean’. Despite the attractiveness of this 
hypothesis it has remained difficult to model the chemistry of 
Earth’s mantle based on iron-silicate partitioning at the base of 
a deep magma ocean, and recent iron isotope analysis appears 
inconsistent with the effects of high-PT fractionation (Halliday 
2013, Nature 497:43-45). It has been suggested that core 
formation could have been initiated prior to the onset of 
silicate melting due to the influence of deformation in 
promoting development of networks of metallic melt in solid 
silicate matrices. However, in one of the only studies 
performed under high PT conditions it was concluded that the 
influence of strain rate on deformation mechanisms indicated 
that such deformation-aided melt segregation was not relevant 
to conditions prevalent in the early solar system (Walte et al. 
2011, EPSL 305:124-134). 

Using a combination of novel in-situ and ex-situ high PT 
deformation experiments, 2D microanalysis and 3D nano-CT 
imaging we demonstrate that deformation has a fundamental 
influence of textural development, resulting in channelisation 
of melts as nm-tick sheets which otherwise remain trapped at 
silicate grain junctions in static systems. These features are 
difficult to resolve using traditional microscopy, highlighting 
the usefulness of recent advances in nano-CT imagining. 

We see no influence of strain rate on strain partitioning, 
with similar textures observed in samples deformed over a 
wide parameter space. It appears likely that deformation due to 
convection led to early core formation prior to silicate melting 
in newly accreted planetessimals. Core formation was likely a 
complex, multistage process dependent on planet size and 
heating rate, and unless overprinted by later melting events, 
likely resulted in only partial silicate-metal equilibration. 
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Coastal and estuarine tidal wetlands represent 
quintessential environments for the production and export of 
methylmercury: high leaf-area densities facilitate the uptake of 
gaseous elemental mercury from the atmosphere; plant 
biomass provides an abundant source of labile organic matter 
to support microbial oxygen depletion and sulfate reduction; 
and tidal hydrologic exchange regularly flushes sediments, 
supplying sulfate and limiting build-up of sulfide, which can 
inhibit methylation. While high concentrations of 
methylmercury in the sediments and waters of coastal and 
estuarine wetlands are relatively commonly reported, studies 
quantifying the tidally-driven dispersive mixing of wetland 
material into surrounding waters (outwelling) of 
methylmercury from these systems are relatively rare.  

We have assessed mercury and methylmercury dynamics 
in several tidal wetlands using classical hydrodynamic 
techniques: hydroacoustic assessment of discharge and 
development of continuous time-series records of mercury 
concentration. The mercury concentration time-series are 
developed from various combinations of in situ optical 
measurements as concentration proxies for both particulate and 
dissolved material.  

We found that while the dominant physical driver of export 
is dispersive mixing, the magnitude of this flux results from 
complex and unpredictable interactions between tides, 
geomorphic features, particle sorption/desorption, and episodic 
events such as wind storms and precipitation. Areal 
methylmercury yields determined using these physically-
explicit methods are 10 to 20 times greater than reported yields 
from terrestrial wetland systems, suggesting that export from 
tidal wetlands should be included in mass-balance estimates 
for methyl-mercury loading to estuary and coastal waters. We 
will compare the results from studies covering a range of 
wetland types and geomorphic properties, and discuss how 
these interact to affect methylmercury export. 
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Land use and land cover distributions are primary 
determinants of terrestrial fluxes of sediments and nutrients to 
coastal oceans. Sediment and nutrient delivery to coastal 
waters have been significantly altered by historic changes in 
population and land use, resulting in changes to coastal 
production and carbon storage. Continued population growth 
and increasing agricultural areal extent and intensity are 
expected to accelerate these changes. 

The USGS LandCarbon project developed prospective 
future land use and land cover projections based on IPCC 
scenarios A1, A1b, B1 to 2050 as the basis for a multitude of 
biogeochemical assessments. We assessed the impacts of 
changes in land use and land cover on delivery of nutrients and 
sediments to the coastal ocean and concomitant carbon storage. 
Annual fluxes were estimated using the SPARROW model, 
calibrated with long-term USGS water quality monitoring data. 

Significantly greater annual loads of nutrients and 
sediments to coastal waters by 2050 are projected by the 
model. For example, for the Eastern United States, projected 
nitrate fluxes for 2050 are projected to be 16 to 52 percent 
higher than the baseline year, depending on scenario. As a 
consequence, an associated increase in the frequency and 
duration of coastal and estuarine hypoxia events and harmful 
algal blooms could be expected. Model estimates indicate that 
these prospective future nutrient and sediment fluxes will 
increase carbon storage rates in coastal waters by 18 to 56 
percent in some regions. 
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Mineral grains in lunar and asteroidal regolith samples 

provide a unique record of their interaction with the space 
environment. Exposure to the solar wind results in 
implantation effects that are preserved in the rims of grains 
(typically the outermost 100 nm), while impact processes 
result in the accumulation of vapor-deposited elements, impact 
melts and adhering grains on particle surfaces. These processes 
are collectively referred to as space weathering. A critical 
element in the study of these processes is to determine the rate 
at which these effects accumulate in the grains during their 
space exposure. For small particulate samples, one can use the 
density of solar flare particle tracks to infer the length of time 
the particle was at the regolith surface (i.e., its exposure age).  

We have developed a new technique that enables more 
accurate determination of solar flare particle track densities in 
mineral grains <50 μm in size that utilizes focused ion beam 
(FIB) sample preparation combined with transmission electron 
microscopy (TEM) imaging [1, 2]. We have applied this 
technique to lunar soil grains from the Apollo 16 site (soil 
64501) and most recently to samples from asteroid 25143 
Itokawa returned by the Hayabusa mission. Our preliminary 
results show that the Hayabusa grains have shorter exposure 
ages compared to typical lunar soil grains. We will use these 
techniques to re-examine the track density-exposure age 
calibration from lunar samples reported by Blanford et al. 
(1975) [3].  

 
[1] E. L. Berger & L. P. Keller (2014) LPSC, #1485. [2] E. L. 
Berger & L. P. Keller (2014) Microscopy and Microanalysis 
Conference, submitted. [3] G. E. Blanfor et al (1975) Proc. 
Lunar Sci. Conf. 6th, 3557-3576 
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Soil erosion can induce a terrestrial sink for atmospheric 
carbon dioxide and impose important controls on 
biogeochemical cycling of carbon (C) and nitrogen (N). A 
growing number of studies have investigated the role of 
erosion on biogeochemical cycling of different elements. 
However, considerable uncertainty still exists on the sources of 
the eroded C and N that is laterally redistributed to lower-lying 
depositional landform positions or exported out of the eroding 
catchments. We used stable isotopes of C and N, and solidstate 
13C-NMR to determine the sources of eroded material 
exported out of headwater catchments in the Kings River 
Experimental Watersheds project in the southern part of the 
Sierra Nevada, California, USA. Our findings show that the 
majority of material exported out of these headwater 
catchments is derived from the forest floor and stream bank 
erosion. In these steep landscapes where surface material is 
preferentially eroded, the laterrally distributed organic matter 
could be readily decomposed. The fate of this soil organic 
matter (SOM), however, depends on the availability of 
physical and chemical stabilization mechanisms in the final 
depositional settings for the eroded SOM. We also find that 
eroded sediment rich in particulate organic-matter- forms 
macroaggregates by association with small and reactive soil 
minerals that are transported along with the SOM. Our results 
suggest that macroaggregate formation is an important 
mechanism for the physical stabilization of the eroded SOM 
once it arrives at depositional landform positions. 
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The isotope ratios of plant tissues contain information of 

past environmental conditions and climate. However, they also 
hold information about plant-specific physiological controls 
that further modify these isotopic ratios. In order to develop 
proxies of past environmental conditions, we often examine 
temporally-restricted “snapshots” of isotopic signatures from 
modern plants. Here, we broaden this modern examination to 
encompass a nearly 20 year serial collection of leaf wax n-
alkane hydrogen isotope values and bulk carbon and nitrogen 
isotope values from leaves of individuals within a monitored 
population of the drought-deciduous common desert shrub 
Encelia farinosa. Tagged individuals of E. farinosa located 
near Death Valley, California (~35.92°N, 116.50°W, 480 m 
elevation), were analyzed from an annual collection of leaves 
sampled in March between 1991 and 2014. A perennial shrub, 
E. farinosa develops leaves and leaf waxes after the region 
receives the majority of its precipitation from November to 
March. Collected leaves and leaf wax isotope signals reflected 
growth conditions and the isotopic signature of winter 
precipitation with a certain biosynthetic offset. We observed 
patterns in δ13C and δ15N values of bulk leaf tissue and in δD 
values of n-alkanes that may be related to winter precipitation 
patterns associated with El Niño Southern Oscillation 
variability in this region. Sampling multiple individuals of the 
same species at the same location and date over serial growing 
seasons illustrates how populations of plants respond to and 
record climate events and refines how these plant materials can 
be used for paleoecologic and paleoclimatic reconstructions.  
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The highly siderophile element (HSE) component of the 

silicate Earth may have been established via several large 
impacts during the latter stages of accretion [1,2]. The 
compositions of these impactors, and the subsequent degree of 
homogenization of the accreted materials into the mantle 
remain open questions. Recent studies of 142Nd and 182W have 
identified early-formed, yet long-lived, isotopically distinct 
mantle reservoirs [3,4]. This raises hope for the long-term 
preservation of isotopic heterogeneities in the mantle resulting 
from late accretionary processes.  

The HSE Ru is a powerful genetic tracer for late 
accretionary additions to Earth. Large nucleosynthetic 
anomalies in 100Ru have been reported for different whole rock 
meteorites, indicating a heterogeneous distribution of s-process 
carriers among planetesimals that may have contributed to the 
late accretionary flux [5].  

Identification of isotopically heterogenous domains in the 
mantle using Ru isotopic analyses of ancient terrestrial rocks 
could potentially be used to constrain the nature of the 
impactors, and also be used to examine early mantle mixing. 
To this end, we have developed analytical methods for 
obtaining high precision Ru isotopic compostions using 
negative thermal ionization mass spectrometry. Replicate 
analyses of an Alfa Aesar Ru standard (n = 65) over a period of 
months indicate a current external precision of ±7.5 ppm 
(2σSD) for 100Ru/101Ru, which is sufficient to begin the search 
for nucleosynthetic anomalies.  

Analysis of chromitites from the ~492 Ma old Shetland 
ophiolite indicates a systematic 100Ru +4.5 ppm offset from the 
Alfa Aesar standard composition. It is not yet clear whether the 
offset represents a modification to the isotopic composition of 
the standard during its production, or a real, genetic variation 
among terrestrial materials. Further analyses of these, and 
older materials, will be reported.  
	  
[1] Li and Agee (2001) GCA 65, 1821-1832 [2] Bottke et al 
(2010) Science 330, 1527-1530 [3] Willbold et al (2011) 
Nature 477, 195-199 [4] Touboul et al (2012) Science 335, 
1065-1069 [5] Chen et al (2010) GCA 74, 3851-386	  
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Injection of CO2 into geological formations leads to 

perturbation of the geochemical system equilibrium between 
the porous rock and the formation waters. Coupled physical 
and chemical processes thus occur along the injected CO2 
pathway in the reservoir and may have consequences on the 
reservoir petrophysical properties. Assessing the extent of 
petrophysical properties variations in the reservoir is crucial 
regarding injectivity and containment safety issues during 
massive CO2 injection over decades. To date, few monitoring 
techniques are available and provide a poor spatial resolution 
of petrophysical properties or are difficult to set up. We thus 
propose to test the possibility that Chlorine isotopes could be 
used as a geochemical tool to assess petrophysical properties 
evolution in a reservoir over time.  

In order to investigate this possibility, several types of 
experiments will be performed. Indeed, chlorine isotope 
fractionation can occur during several processes present during 
fluid transport in a reservoir rock. Autoclave experiments will 
be conducted to identify a possible Chlorine fractionation 
between coexisting brine and CO2 at reservoir P-T conditions. 
Drying experiments on a brine-saturated rock sample will be 
conducted to investigate the overall effect of dry CO2 injection 
on Chlorine isotope variations in a well-bore. Percolation and 
diffusion experiments will be launched with different types of 
rocks and at P-T conditions relevant to the geological storage 
of CO2 and studied both from a petrophysics and Chlorine 
isotope point of view. 

The results obtained will constitute a first step towards the 
characterization of the chlorine isotope fractionation associated 
with changes in the fluid transport processes due to 
petrophysical properties modifications of in a reservoir rock 
undergoing a CO2 injection. 
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Zircon is the best mineral for geochronology purposes, as 

it can behave as a closed system for billions of years and resist 
most geochemical alteration; yet, its use in Quaternary 
geochronology has been largely overseen, and limited to few 
specialty laboratories. Here we present a new methodology to 
obtain precise and accurate 238U-230Th-232Th composition from 
zircons using LA-MCICPMS, that allow us to successfully 
date Pleistocene and Holocene samples from several volcanic 
units in Mexico using [230Th/232Th] vs. [238U/232Th] isochrons. 
The results are confronted to alternative instrumental 
techniques, such as SIMS, and other radiogenic dating methods 
(40Ar/39Ar, 36Cl, 14C, and thermoluminiscence). The technique 
presented here is superior to SIMS in terms of precision, and 
analysis time, and equivalent in terms of sensitivity and spatial 
resolution. Moreover, the 230Th/U ages obtained here are also 
consistent with those obtained by other radiogenic dating 
methods, as well as the geological and geochemical constrains 
imposed by comparing ages from different mineral phases. The 
230Th- 232Th-238U analysis of zircons by LA-MCICPMS allows 
to obtain significantly richer isotopic information form any set 
of Quaternary zircons, opening a window into the magma 
chamber dynamics. 
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Stalagmites are considered one of the most robust and 
reliable archives of past climate change. In stalagmites from 
tropical regions, the oxygen-isotope composition is usually 
used as a proxy for past rainfall amount and source of 
atmospheric moisture. In addition to amount of 
moisture/rainfall amount, trace element composition on 
stalagmites can provide a wealth of information on the 
geochemical processes occurring in the epikarst and, using 
laser-ablation sampling, micron-scale spatial resolution can be 
achieved.  

In this work we present the high-resolution record from 
Botuverá Cave stalagmites using LA-ICPMS. This record 
allow us to observe with unprecedented detail the structure of 
abrupt climate change events occurring during the last 40,000 
years, such as the Little Ice Age, the 8.2 ka, and Heinrich 
events, and allow us to study the relevance that solar and 
atmosphere-ocean oscillations (ENSO, AMO) had during those 
periods. 
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When living organisms die, organic molecules are in most 

cases rapidly biodegraded. Yet, a few pathways may allow the 
macromolecules resistant to biodegradation and some more 
labile organic molecules to escape the biological cycle and get 
incorporated into the sediment: (1) selective preservation, (2) 
degradation/recondensation/sulfurization, (3) adsorption on 
inorganic surfaces or encapsulation within mineral 
microcavities or larger molecules. The respective contribution 
of each of these processes remains debated, but the result is 
that precisely assessing the origin of organic molecules in 
sedimentary rocks may sometimes be delicate. 

The combination of synchrotron-based scanning 
transmission X-ray microscopy (STXM) and X-ray absorption 
near edge structure (XANES) spectroscopy with transmission 
electron microscopy now offers valuable capabilities for the in 
situ characterization of heterogeneous and organic-rich 
samples such as fossilized remains [1]. While STXM and 
XANES allows characterizing organic constituent speciation at 
the 15 nanometer scale, TEM provides information on 
organic/inorganic relationships at the sub-nanometer scale.  

Here we report the multiscale characterization of 
exceptionnally preserved soft-bodied organisms fossilized 
within carbonate concretions from the Carboniferous 
Montceau-les-Mines Lagerstätte [2]. SEM and TEM 
investigations have revealed mineralogical heterogeneities at 
all scale of observations, likely explaining the exceptional 
morphological preservation of the investigated fossils. STXM 
experiments (performed using the 5.3.2.2. ALS STXM 
Polymer beamline [3]) have allowed evidencing the similar 
molecular signatures of the organics composing the vegetal 
and the animal remains. This surprising homogeneity is 
interpreted as resulting from the replacement of the initial 
biogenic organic molecules by newly condensed recalcitrant 
geopolymer compounds during early diagenesis.  
 
[1] Bernard S. et al (2009) Review paleobot palyno 156, 248-
261 [2] Charbonnier S. et al (2008) Palaios 23, 210-222 [3] 
Kilcoyne A.L.D. et al (2003), J. Synchrotron radiat 10 (2), 
125-136 



 Goldschmidt2014 Abstracts  

 

188 

188 

Sulfate From Mines and Effect on 
MeHg Transport in the St. Louis 
River Watershed, NE Minnesota 

MICHAEL E. BERNDT1 AND JEFF JEREMIASON2 
1Michael E Berndt, Mn Dept. of Natural Resources, St. Paul, 

MN, 55155 mike.berndt@state.mn.us 
2Gustavus Adolphus College, Dept. of Env Studies, St. Peter, 

MN, 56082 jjeremia@gustavus.edu 
 

The St. Louis River watershed is the site of a large iron 
mining district where water containing between 50 and 1000 
mg/l sulfate is pumped continuously into the headwater regions 
of a river that eventually feeds into Lake Superior. In this 
study, thirty-three water samples were collected from the St. 
Louis River at three sites located upstream and downstream 
from a series of confluences with mining tributaries during the 
2012 spring and summer seasons, which ranged from 
unusually wet to unusually dry. Hundreds of dragonfly larvae 
were also collected from the watershed in the autumn and 
analyzed for MeHg.  

Principal component analysis revealed that THg, MeHg, 
Fe, and DOC were essentually unrelated to magnesium and 
sulfate concentrations (See figure below). While magnesium 
and sulfate were derived mostly from the mines, THg, MeHg, 
and Fe were principally transported along with DOC from non-
mining portions of the watershed. MeHg concentrations in 
Aeshnidae dragonfly larvae collected in the autumn was 
positively correlated (R = 0.866, p=0.001) to peak MeHg 
concentrations in the dissolved phase measured during June 
and July. MeHg in dragonfly larvae were not elevated at the 
highest sulfate sites, but rather the reverse was generally 
observed. MeHg in the water was the best predictor of MeHg 
in dragonfly larvae leading to the conclusion that MeHg in 
water from previous studies is a reasonable indicator of 
methylmercury contamination in biota in these systems. 
Record rainfall events in 2012 likely delivered the majority of 
Hg and MeHg to these systems via interflow resulting in 
minimal impact observed due to sulfate released in 2012 due to 
mining activities.  
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The reduction of hexavalent uranium to tetravalent 

uranium has a significant impact on the fate of the radionuclide 
in the environment. This is because the reduced species are 
typically insoluble and thus immobile. While U(IV) oxide 
(UO2) was long thought to be a major product of this 
reduction, it has become clear in recent years that other U(IV) 
species are also important in field and laboratory settings.  

We evaluated U(IV) speciation at two field locations and 
identified non-crystalline U(IV) as the dominant species in the 
reduced regions of the soil. Despite the fact that U(IV) was 
coordinated to phosphate in both cases, the U(IV) species are 
likely distinct. In one case, a uranium-impacted wetland, U(IV) 
was associated with inorganic aggregates containing Al, Si and 
Fe [1]. In the other, a bioremediated aquifer, U(IV) was 
associated with mackinawite (FeS) and microbial biofilms [2]. 
Additionally, we probed laboratory systems to evaluate the 
mechanism of formation of non-crystalline U(IV). When 
chemogenic or biogenic minerals reduce U(VI) in the absence 
of phosphate, UO2 is the dominant product formed [3]. In 
purely biotic systems, we found that non-crystalline U(IV) was 
preferentially associated with extracellular polymeric 
susbtances (EPS) whereas UO2 was produced when EPS was 
absent.  

Based on this compilation of field and laboratory results, 
we provide insight into how uranium reduction can result in 
the formation of non-crystalline U(IV) in biotic and abiotic 
systems. We can discriminate between the two mechanisms 
using 238U/235U isotope fractionation and propose that the biotic 
and abiotic forms of non-crystalline U(IV) may differ in 
structure and in reactivity.  
 
[1] Wang et al. (2013) Nat. Comm., v4, 2942 [2] Bargar et al 
(2013) PNAS, v110 (12), pp 4506-4511 [3] Bernier-Latmani et 
al (2010) Environ. Sci. Technol., v44 (24), pp 9456-9462 
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The dearth of modern dolomite precipitation – despite 

aqueous supersaturation in marine depositional environments – 
together with the challenge of precipitating dolomite in the 
laboratory at temperatures less than 100 °C feed the argument 
that the understanding of dolomite precipitation kinetics is the 
key to solving the dolomite problem. Carbonate mineral 
reaction kinetics are limited by the rate of exchange of water 
molecules in their respective metal aquo ion [1]. However, 
calcite growth inhibition in the presence of aqueous Mg2+ 
demonstrates the influence of Mg entrapment on calcite 
precipitation kinetics. In this study we attack this question 
from the opposite direction by investigating the influence of 
Ca2+ on magnesite growth kinetics. 

Macroscopic and microscopic experiments on magnesite 
growth kinetics at 100°C and pH 8 were conducted in the 
presence of aqueous Ca concentrations from 0 to 1 mmol/L. 
Experiments were performed using hydrothermal mixed-flow 
reactors (HMFR) and hydrothermal atomic force microscopy 
(HAFM). HAFM measurements of obtuse step velocities 
showed a bimodal concentration dependence of rates on 
aqueous Ca. Experiments at a magnesite saturation state 
Ω = 100 and Ca2+ concentrations above 0.1 mmol/L lead to 
decreased obtuse step propagation rates while concentrations 
of ~0.01 mmol/L promoted obtuse step advancement. In 
contrast, HMFR experiments with 0.01 mmol/L Ca2+ showed a 
strong inhibition of magnesite growth while forming a 
magnesite with up to 6 mol% Ca under steady state conditions. 

These results indicate that Ca slows magnesite growth 
primarily by its incorporation into acute step sites suggesting a 
strong crystallographic control on carbonate growth rate 
inhibition by trace elements. 

 
[1] Pokrovsky & Schott (2002) Environ. Sci. Technol., 36, 
426-432 
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The mammalian gut secretes insoluble mucus to produce a 

physical barrier that shields tissue from contact with the 
luminal microbiota. In this study, we employed a novel in vivo 
stable isotope labeling approach in mouse models to explore 
microbial utilization of host-derived compounds. Intravenously 
injected stable isotope-labeled threonine (13C, 15N) was 
metabolized by the epithelial tissue and appeared in lumen 
biomass by 8 hours. Individual bacteria enriched in isotope 
label were identified with single cell-resolution secondary ion 
mass spectrometry (NanoSIMS) combined with fluorescence 
in situ hybridization (FISH) using specific rRNA-targeted 
probes. Two species, Akkermansia muciniphila and 
Bacteroides acidifaciens, were identified as key degraders, 
though their activity was dependent on composition of the 
background microbiota. 

This research presents a new approach for shedding light 
on interactions between host and its intestinal microbiota by 
tracking compound secretion using stable isotopes and 
highlights that single cell analysis using high resolution mass 
spectrometry combined with FISH allows for unprecedented 
insight into the functioning of this symbiosis in vivo. 
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Shallow, regolith-hosted groundwater of relatively low 

salinity (700-2000mg/l TDS) is widespread in the arid eastern 
Musgrave Province of northern South Australia. Twenty six 
bores were sampled and analyzed across an area of 3600km2 
for environmental tracers including stable isotopes of water, 
strontium and 14C. The unconfined water table occurs between 
9 and 12 m depth and flows to the east following topograhy. 
Environmental tracer analysis of water, rock, and regolith 
indicate: 1) hydrochemistry of the groundwater is relatively 
homogenous despite the TDS variation from 700 to 20,000 
mg/l; 2) strontium isotopes indicate no significant interaction 
with Precambrian granitic and doleritic basement rocks; 3) 
strontium isotopes mass balance indicates 50/50 mix betweeen 
rainfall and regolith as the source of solutes, except chloride, 
and; 4) water isotopes do not show evaporation trends with 
differing salinity. Therefore, the large salinity differences are 
probably due to solutes accumulating in the vadose zone which 
are then flushed to the groundwater system during recharge 
events. Recharge, determined from chloride mass balance and 
14C analysis ranges from 0.02mm/a to 0.6mm/a. The large 
range in recharge rates and thus salinity is due to texture of the 
soil-regolith; areas with sandy soils and regolith produce 
higher recharge and lower salinity groundwater whereas silty 
and clayey soils-regolith produce lower recharge and higher 
salinity groundwater. 
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Mineral replacement reactions are very common in the 

geological world. One specific class of replacement reactions 
occurs via a fluid-aided, spatially and temporarily coupled 
dissolution and precipitation mechanism. Such reactions 
manifest themselves in numerous possible replacement 
textures and are commonly found in hydrothermal systems. 

In order to test several hypotheses for well-established 
geochronologic inconsistencies between apatite and monazite 
radiometric ages from a hydrothermally altered tin deposit in 
Llallagua, Bolivia, a series of monazite and fluorapatite 
replacement experiments have been performed. Fluid-mineral 
experiments were conducted utilizing hydrothermal line 
autoclaves in a temperature range from 300 C° to 600 C°, at 
100 MPa pressure in an alkali-rich fluid environment (H2O + 
Na2Si2O5). 

Experimental results were evaluated using a scanning 
electron microscope (SEM) and electron microprobe analysis 
(EMPA) on selected areas of the reaction products. 
Exclusively, during the 500 C° and 600 C° runs, zoned 
fluorapatite rim replacement textures formed with sharp, non-
diffusive reaction fronts, suggesting a dissolution-precipitation 
mechanism. Altered areas are significantly enriched in 
Na+(Y+REE) and/or Si+(Y+REE) via the coupled substitution 
reactions Na + (Y+REE) = 2Ca and Si + (Y+REE) = Ca + P. 
In the same experiments monazite was extensively altered. 
This was often accompanied with the formation of a 
symplectite texture. The symplectites are significantly enriched 
in Si and (Y+REE) and seem to indicate a crucial role for Si-
(Y+REE) complexes during chemical mass transfer. Lower 
temperature experiments showed that monazite was also 
partially replaced to a lesser extent, but without symplectite 
formation. Simultaneously, apatite experienced limited 
dissolution, and no rim replacement textures or depletion areas 
were formed. 

Results indicate that low temperature selective replacement 
of monazite in a monazite and apatite vein assemblage can 
occur. This is consistent with the hypothesis that selective 
mineral replacement reactions are the source of the observed 
geochronologic discrepancies at Llallagua. 
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Recent discoveries in the field of calcium carbonate 

(CaCO3) biomineralization, such as prenucleation clusters, 
mesocrystalline biogenic mineral substructure, and a precursor 
bicarbonate-rich liquid condensed phase (LCP), have 
revolutionized our understanding of CaCO3 mineralization and 
challenged the classical view of nucleation theory. The recent 
discovery of a bicarbonate-rich LCP prior to the solid 
nucleation of CaCO3 is particularly important because it 
appears to be a potential non-classical means to nucleation for 
a myriad of carbonate and bicarbonate systems other than 
CaCO3 and suggests that the principle governing its formation 
may be a fundamental nucleation mechanism in general. Using 
Nanoparticle Tracking Analysis (a light scattering technique) 
and other analytical techniques, we demonstrate that the LCP 
phase is present in many other solutions, even non-CaCO3 
systems as phase droplets between 40 nm and 150 nm in 
diameter. The size and amount of droplets depends on the 
system, type and amount of spectator ions present, and 
physical conditions such as pH and temperature. The common 
existence of the LCP phase suggests that the condensation 
mechanism of bicarbonate ion into LCP may be a ubiquitous, 
fundamental pathway to other nucleation systems and may 
require us to re-evaluate and re-interpret many fundamental 
assumptions regarding the behavior of electrolyte solutions, 
including empirically derived solubility coefficients, activity 
coefficients, and the interpretation of recent ocean acidification 
observations. In addition, bicarbonate-rich LCP may be a 
powerful, currently unutilized tool in the field of carbon 
sequestration and utilization.  
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The occurrence of organic matter in the sediment has a 
strong influence on arsenic (As) propagation in the subsurface. 
The meandering nature of the Ganges River has created a large 
number of oxbow lakes in the fluvial plains of Bhojpur 
District, Bihar, India. Here, the upper 60 m of the Holocene 
deposits contain clay-rich oxbow-lake sediment with a high 
organic matter content which is seen as the cause of arsenic 
contamination in the groundwater. With the help of the Google 
Earth image analysis we selected an oxbow lake in the Barhara 
Block as natural laboratory for our research. The thickness of 
the sediment fill of the oxbow lake in the Barhara Block is 
approximately 12 meter. The core data of the oxbow lake 
sediment fill show organic matter deposition intercalated with 
clay. The sediment below the oxbow lake has a low 
permeability due to its high clay content, leading to slower 
drainage after the rainy season. A hydraulic gradient due to the 
high water content in the oxbow lake sediment causes flow 
towards the sand-prone point bars that border the oxbow lake. 
It is asserted that the organic-rich sediment of the oxbow lake 
leads to anaerobic conditions and the reduction of Fe (OH)3 or 
oxidation of organic matter. Due to the hydraulic gradient 
these conditions are transported from the oxbow lake to the 
adjacent point bars where reaction takes place with solid-state 
Fe-As oxide, which leads to the release of As and can therefore 
directly affect the distribution of As concentration in the 
groundwater. Simulations with PHREEQC will be used to 
clarify the transport mechanisms. 
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Redox conditions are critical in governing the mobility and 
accumulation of uranium (U) in subsurface soils and 
groundwater. Mackinawite (FeS), produced during in situ 
bioremediation of U, can serve as an electron source or an 
oxygen scavenger and inhibit UO2 reoxidation upon oxygen 
intrusion once active bioreduction is halted [1, 2]. However, if 
FeS becomes completely oxidized, dissolved oxygen (DO) 
levels may rise, leading to oxidation and remobilization of U. 
The rate controlling redox reactions of Fe and U species during 
an anoxic to oxic transition will dictate the fate and transport 
of U in the subsurface, yet these have not been sufficiently 
characterized. The present study investigated the kinetics and 
mechanisms of UO2 reoxidation and U(VI) transport in the 
presence of oxygen and nanoparticulate FeS using batch and 
flow-through reactors as a function of pH, FeS content, DO 
and calcium concentrations. FeS and UO2 oxidation products 
were characterized by transmission electron microscopy 
(TEM), X-ray absorption spectroscopy (XAS), and X-ray 
photoelectron spectroscopy (XPS). FeS reaction products, i.e., 
Fe(III) hydroxides and aqueous Fe(II), were isolated and 
examined for their influence on UO2 oxidative dissolution rate. 
This study illustrates that FeS serves as an effective oxygen 
scavenger to maintain UO2 stability until it drops below a 
threshold concentration. The dissolution rate of UO2 in the 
presence of FeS is over an order of magnitude lower than those 
in the absence of FeS. After FeS depletion, however, UO2 
dissolution rate is accelerated at neutral pH and low calcium 
concentration as compared to the control. The passivation layer 
on UO2 surfaces may be distrupted during the period of 
inhibited oxidation, which allows for rapid oxidation of U(IV) 
after DO breakthrough. This study shows the critical role of 
geochemical conditions in controlling FeS transformation, 
which in turn strongly influences U remobilization in the 
subsurface environment. These findings have direct 
implications for our understanding of uranium redox transition 
and long-term stability in the subsurface. 
 
[1] Bi et al. (2013), Geochim. Cosmochim. Acta 102,175-190 
[2] Bi & Hayes. (2013), Environ. Sci. Technol 48, 632-640 
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Naturally occuring dolomite exhibets a large variability of 

δ26Mg [1–3]. This variability may represent temporal 
variability of δ26Mg of sea water over time, evolution of a the 
dolomitizing solution in space/time, and/or isotope effects 
related to temperature or kinetics. To constrain Mg isotope 
fractionation in high-temperature dolomites, we conducated a 
searies of hydrothermal batch experiments to dolomitize 
aragonite at diffrent tempratures and salinities using SO4

2- and 
Fe free seawater. Experimental products were characterized 
using FTIR and mixtures of calcite+brucite; dolomite+brucite 
and dolomite were identified. Both the solution and precipitate 
were collected, Mg was sepurated using column chemistry and 
δ26Mg values massured via a Neptuen MC-ICP-MS. 

Initial results from experiments at 180ºC and 210ºC show a 
very weak temprature dependace of the fractionation factors at 
0.7±0.1‰ and 0.6±0.1‰ respectivly. Based on field evidance 
from modern/recent dolomites from the Bahamas the 
fractionation factor at 25ºC is ~2‰, suggesting a <0.01‰/ºC 
temperature dependence for the fractionation of Mg isotopes 
during dolomitization. No significant effects of ionic strength 
were observed. These preliminery results suggest that the 
temperature-dependence of Mg isotope fractionation in 
dolomite is not large and that the Mg isotopic composition of 
the dolomitizing fluid is likely the most important control on 
the Mg isotopic composition of dolomite. 

 
[1] W. Li, S. Chakraborty, B. Beard, Earth Planet. Sci. Lett. 
333-334, 304–316 (2012). [2] A. Geske, J. Zorlu, D. Richter, 
Chem. Geol. 332-333, 45–64 (2012). [3] K. Azmy, D. Lavoie, 
Z. Wang, U. Brand, Chem. Geol. 356, 64–75 (2013).  
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Present study aimed to assess selected industrial waste 

materials for simultaneous removal of arsenic and fluoride 
from drinking water. Commercially available Hydrated 
Cement, Marble Powder (waste) and Brick Powder (waste) 
were used. The surface morphology of adsorbents was studied 
by Scanning Electron Microscopy (SEM). Batch adsorption 
tests were performed to evaluate the percent removal and 
adsorption capacity of adsorbents, under optimum conditions 
of time, dose, pH and adsorbate concentration. Removal %age 
of studied adsorbents followed the decreasing trend: Hydrated 
Cement>>Bricks Powder>Marble Powder. Hydrated Cement 
showed highest percentage removal, 97% and 80% for As and 
F respectively. The applicability of the adsorbents for As was 
assessed under natural conditions with As contaminated 
groundwater. In order to determine maximum adsorption 
capacity of adsorbents and to understand the nature of reaction 
on their surfaces, Langmuir and Freundlich isotherm were 
calculated. This study revealed that this new adsorbent 
(Hydrate Cement) is indigenous, easily available and could be 
easily applied in order to diminish the arsenic and fluoride 
pollution in drinking water e.g., in rural areas of Pakistan. 
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The subsurface science and engineering community is 
being driven to provide accurate assessments of risk and 
engineering performance for important issues with far-reaching 
consequences. The complexity and detail of subsurface 
processes, properties, and conditions that have to be addressed 
has significantly expanded. In the absence of closed form 
solutions for realistically complex applications, benchmark 
problems with an accepted set of simulation results will be 
indispensable to qualifying codes for various environmental 
and engineering applications. 

We present a set of three benchmark problems pertaining 
to relevant processes of concrete alteration in the context of 
radioactive and hazardous waste immobilization and disposal: 
(1) atmospheric carbonation of concrete, (2) concrete-clay 
interactions in a geological repository environment, and (3) 
calcium leaching from fractured concrete. These problems can 
be used to demonstrate simulator conformance with norms 
established by the subsurface science and engineering 
community. In each case, the objective is to present a problem 
that tests the conceptual model capabilities, numerical 
implementation, process coupling, and accuracy.  

Each benchmark contribution consists of several cases with 
gradually increasing complexity. This approach is used to 
isolate key attributes and the most sensitive parameters of the 
benchmark problem for higher scrutiny before addressing the 
full complement of interacting processes, properties, and 
conditions. Agreement between results obtained from a 
number of well-known reactive transport codes are used to 
establish confidence in the benchmarks. These benchmark 
exercices, involving the contribution of about ten international 
research teams, will be published in a special issue of 
Computational Geoscience. 
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A genetic model for iron-oxide apatite (IOA) and iron-
oxide copper gold deposits (IOCG) remains elusive. Working 
hypotheses invoke meteoric fluid, magmatic-hydrothermal 
fluid, and liquid immiscibility [1,2,3]. Here we report new 
high-precision Fe and O isotope data on magnetite separates 
from the Los Colorados (LC) IOA deposit, in the Chilean Iron 
Belt, that allow us to assess whether LC magnetite precipitated 
from aqueous fluid or crystallized from silicate melt. This 
avoids tracing the source of Fe and O by indirect means.  

LC contains 70 M tonnes Fe [4] in two parallel magnetite-
rich (>90 modal %) dykes that measure 1500m strike, 150m 
wide, and ~500m deep. LC is Cretaceous in age, and hosted in 
igneous rocks of the Punta del Cobre Formation [5]. The West 
dyke contains ~63% Fetot and the East dyke ~55% Fetot. The 
dykes are bounded on the west by a fault and the east by a 
brecciated zone, which contains Fetot = ~25%. 

We measured δ56Fe for 20 samples from 2 drill cores from 
the West dyke. Values range from 0.08‰ to 0.26‰, which are 
within the global range of ~0.06 to 0.5‰ for magnetites 
crystallized directly from silicate melts [3]. The variation of 
δ56Fe outside of the 0.05‰ analytical error accords with 
evidence of subtle alteration and/or local magnetite 
dissolution/reprecipitation. High-precision O isotope 
measurements of magnetite and actinolite are: δ18Omagnetite = 
2.04‰; δ18Oactinolite = 6.08‰. The δ56Fe and δ18O values are 
unequivocally magmatic [3,6].  

If the LC IOA deposit represents the deeper level of an 
IOCG system [cf. 1], our new data provide evidence to support 
a role for liquid immiscibility. The application of δ56Fe 
measurements for iron-oxide minerals offers a powerful new 
tool to fingerprint the source of iron in IOCG deposits. 
 
[1] Sillitoe (2003) Mineral. Dep., 38: 787-821 [2] Barton 
(2014) Treatise on Geochem., 2nd ed., 515-541 [3] Weis (2013) 
Diss., Uppsala universitet. [4] Compañia Minera del Pacifico 
(2013) pers. comm. [5] IVACEI General Assembly (2004) [6] 
Bindeman (2008) RiMG, 69, 445-478 
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Deep seafloor sediments (~1000 to ~1900m depth) from 

Mississippi Canyon, salt domes, and a mud volcano in the Gulf 
of Mexico were analyzed in an effort to understand the impact 
of hydrocarbon seeps and oil spills associated with oil 
production on sea sediments.  

Elemental concentrations and stable isotopes of carbon, 
nitrogen, and sulfur of seafloor surface sediments (0 to 1 cm 
depth) and subsurface sediments (1 to 3 cm and 3 to 5 cm 
depth) were analyzed. Sediment organic matter (SOM) related 
to hydrocarbon seeps was characterized by maximum C/N 
atomic ratio (~16.5 to 10.0) and minimum δ13C values (-32.6‰ 
to -20.8‰), suggesting high biological activity nearest seeps 
on the sea floor and a gradual mixing with marine and 
terrestrial organic matter.  

Additionally maximum sulfur concentrations of sediments 
were observed in the vicinity of seeps (~10 to 1% weight) with 
associated δ34S values ranging from 48.3 to -7.2‰. No 
correlation between sediment δ34S and interstitial water δ34S 
was observed. Maximum δ34S and sulfur concentrations of 
subsurface sediments are consistent with the presence of sulfur 
derived from brines. δ13C values of carbonate crusts ranged 
from -35.5 to -20.5‰. Carbonate precipitation, δ13C of 
carbonate, and sulfur data indicate microbial anaerobic 
oxidation of hydrocarbons coupled to sulfate reduction had 
occurred.  
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Coenzyme F430  

Methyl-coenzyme M reductase, an enzyme traditionally 
associated with methanogenesis, has recently been linked to 
the anaerobic oxidation of methane. Coenzyme F430, a 
tetrapyrrole-nickel complex within the active site of methyl-
coenzyme M, is used in methanogenesis and is hypothesized to 
play a key role in archaeal methanotrophy [1]. We adapted a 
method from Mayr et al.[2] to extract and isolate F430 from 
natural sediments so it can be purified for carbon and nitrogen 
isotope analysis. Isotope analysis is performed via a nano-scale 
elemental analyzer isotope ratio mass spectrometer (nano-EA-
IRMS [3]).  

Results  
Here, we report F430 concentrations and isotopic data 

determined for sediment cores from active seeps at Hydrate 
Ridge (California), a well-studied site of anaerobic oxidation 
of methane (AOM). A spike in the concentration of F430 was 
observed at the 3-6 cm depth horizon of the core, which 
corresponds to peak abundance in ANME-
2/Desulfosarcina/Desulfococcus aggregate counts. F430 was 
significantly more enriched in`13C (-23‰ to -26‰) than 
hydroxy-archaeol isolated from the sediment (-60‰ to -
120‰).  

Our observations indicate F430 in this methanotrophic 
sediment is not derived from methane carbon, and potentially 
indicate methanotrophy does not take place via the reversal of 
methanogenesis. In contrast, the 13C-depleted lipids and 13C-
enriched F430 signals reported here could also indicate both 
methane and inorganic carbon were assimilated by ANME. 

Different carbon assimilation pathways during AOM have 
been previously suggested. Hallam et al.,[4] proposed carbon 
assimilation via the serine cycle or formaldehyde 
detoxification, as by methylotrophic bacteria. Bertram et al.,[5] 
reported evidence that ANME coproduced methane during 
methanotrophy, and that ANME can incorporate methane, 
acetate, methanol and bicarbonate carbon into lipid carbon. 
ANME AOM communities appear to have significant 
metabolic flexibility [5], which potentially accounts for the 
wide range of isotope signatures (~50 ‰) observed for AOM 
cell clusters in seep settings. We hypothesize assimilation of 
different carbon substrates by AMNE drive observed isotopic 
differences between Archeal lipids and F430. 

 
[1] Scheller (2010) Nature 465 606-609 [2] Mayr (2008) J. Am 
Chem Soc 130 10758-10767 [3] Polissar (2009) Anal. Chem. 
81 755-763 [4] Hallam et al (2004) Science 305 1457-1462 [5] 
Bertram et al (2013) Environ. Microbio. 15 2384-2393 
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The interaction between the bank and channel in river 

systems is an important factor in mercury behavior in these - 
systems. The channel system has different physical and 
chemical environments which can have an impact on mercury 
mobility and its chemical transformation. Most notably, the 
formation of methylmercury, a more toxic form, can be 
increased in the channel sediments, when compared to the 
bank system. An increase in methylmercury can lead to 
increases in bioacculumation in biota. Mercury in the river 
channel is also more susceptible to movement by advection, 
increasing the mercury impacted area.  

In order to understand how the complex interactions 
between the bank and channel systems influence mercury 
behavior, a variety of parameters were examined at a mercury 
impacted site, the South River (Waynesboro, VA, USA.) 
Sampling of the bank soil and channel sediment for mercury 
was conducted. Groundwater fluxes were measured using 
pressure transducers in monitoring wells in the bank 
environment. Continuosly sampling probes were also used to 
measure groundwater redox conditions in the bank 
environment. Passive samplers -Diffuse-gradient in gel-thin 
film (DGT) devices - were used to measure the dissolved 
mercury and methylmercury in the bank and channel sediment. 
Cyclic voltammetry was used to measure dissolved redox 
sensitive species, such as oxygen, iron, manganese, and 
sulfate, in the channel and bank.  

A better understanding of the role of groundwater in the 
flux of mercury from the bank to the channel will have an 
impact on potential remedies. If bank erosion is the primary 
driver of mercury flux into the channel, bank stabilization will 
significantly reduce risk. However, if the groundwater 
contributes significantly to the mercury flux, other remedation 
strategies will need to be explored. Understanding of these 
systems will contribute to a better overall site conceptual 
model. 
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Sulfonamides (SAs) belong to the most commonly used 

antibiotics worldwide and have wide application range in 
veterinary and human medicine. SAs are polar and fairly 
water-soluble and are detected in wastewater effluents, ground- 
and surface waters. Once released to the environment, they 
undergo different degradation processes, biotic and abiotic, 
e.g. sorption, hydrolysis, redox and photodegradation. 
Therefore it is important to have analytical tools, such as 
compound specific stable isotope analysis (CSIA), to 
understand the fate and processes contributing to their removal 
in situ. Thus far, CSIA approaches were mostly limited to gas 
chromatography amenable environmental contaminants. 
Liquid chromatography (LC-IRMS) methods have only 
recently emerged. 

In this study, we developed a LC-IRMS method for 
sulfamethoxazole (SMX), frequently studied SA, and its 
known metabolite 3-amino-5-methylisoxasole. Reference 
biotic (Microbacterium sp. strain BR1) and abiotic (photolysis) 
degradation experiments were performed to assess and 
compare the carbon stable isotope fractionation. Significant 
carbon stable isotope fractionation of SMX was observed 
during both biotic and photolytic degradation, however, the 
observed isotope fractionation was stronger in the abiotic 
reaction. Biodegradation by strain BR1 proceeds through 
recently described ipso-hydroxylation pathway [1], while for 
the photolysis multiple cleavage sites and degradation products 
have been proposed [2,3,4,5]. Various reaction mechanisms 
may contribute to the observed differences in fractionation in 
biotic and abiotic experiments. Here, we show, for the first 
time the applicability of CSIA for the assessment of 
sulfomethoxazole’s transformation in situ. 
 
[1] Ricken et al (2013) AEM 79, 5550-8 [2] Zhou & Moore 
(1994) Int J Pharm 110, 55-63 [3] Boreen et al (2004) ES&T 
38, 3933-40 [4] Trovo et al (2009) Chemosphere 77, 1292-98 
[5] Perisa et al (2013) ESPR 20, 8934-46 
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Variable manganese oxidation state (Mn2+, Mn3+, Mn4+) 

lends complexity to mineral phase behavior and physical and 
chemical properties. The thermodynamic stability of 
manganese oxide nanoparticles helps determine the robustness 
of such oxides and their behavior in soils and larger scale 
geochemical cycles, as well as in applications in catalysis (1), 
renewable energy and environmental remediation. The 
structure and energetics of nanoparticle surfaces are influenced 
by the phase present and its oxidation state and by the extent of 
surface hydration. Thus, dry surfaces are structurally and 
thermodynamically distinct from hydrated surfaces (2, 3). We 
have shown (4) that the position, in temperature - oxygen 
fugacity space, of oxidation - reduction (redox) equilibria 
among Mn3O4 (hausmannite), Mn2O3 (bixbyite) and MnO2 
(pyrolusite) are shifted at the nanoscale due to differences in 
surface energy. These differences depend on whether such 
surfaces are wet or dry.  

Recently, we examined (5) the role of water chemisorption 
on dry nanoparticle Mn2O3 and found thermodynamically 
controlled rapidly reversible mineral phase transformation as 
confirmed by calorimetry, X-ray diffraction, and manganese 
average oxidation state titrations. Surface reduction of bixbyite 
(Mn2O3) to hausmannite (Mn3O4) occurs in nanoparticles 
arising from differences in surface energies of the two phases 
under conditions where no such reactions are seen or expected 
according to bulk thermodynamics. Measured water adsorption 
enthalpy (endothermic shift) confirms reduction reaction 
coupled with water adsorption. The driving force for reduction 
becomes less unfavorable for nanoparticles, with a 
significantly greater effect for hydrated particles. Thus, both 
size diminution and hydration favor hausmannite over 
bixbyite.  
 
[1] Birkner et al (2013) Proc Natl Acad Sci USA 110 (22) 
8801-8806 [2] Navrotsky (2009) Int J Quant Chem 109 (12) 
2648-2657 [3] Navrotsky et al (2010) Science 330 199-201 [4] 
Birkner & Navrotsky (2012) Am Mineral 97 1291-1298 [5] 
Birkner & Navrotsky (2014) Proc Natl Acad Sci USA, under 
review.  
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The Tonga Trench is unusual among subduction zones in 
that forearc peridotites, thought to be pieces of lithospheric 
mantle originating from the overriding plate, have been 
dredged from the trench. These spinel peridotites, which have 
been collected at 4-9 km depth, appear in dredges along almost 
1000 km of the trench’s length. The samples are very 
refractory, consisting entirely of dunites and harzburgites, with 
no observed lherzolites. Low modal abundances of 
orthopyroxene and high spinel Cr# also indicate large degrees 
of melt extraction. While some samples have been variably 
altered by hydrothermal processes, a large fraction of them are 
remarkably unaltered, making them ideal targets for 
geochemical investigation.  

Oxygen fugacity is an important geochemical control on 
phase stability, the composition of volatiles, and the position of 
the mantle solidus. Previous studies have suggested that 
subduction zone processes result in arc magmas with increased 
oxygen fugacity (fO2) relative to ridge magmas [1], but few 
direct observations of mantle wedge fO2 are available. Oxygen 
fugacity values for the Tonga peridotites were determined by 
spinel oxybarometry, following the procedures of Wood et al. 
[2] and Lopez et al [3]. Results from one dredge show average 
oxygen fugacity values of 0.5 log units below the QFM buffer, 
close to the ridge peridotite average of QFM -1. In contrast, 
five other dredges along approximately 600 km of trench show 
significantly more oxidized values of QFM +1. Interaction 
with oxidized fluids in the mantle wedge has been proposed as 
a mechanism for oxidizing forearc peridotites relative to ridge 
peridotites. This interaction may not be pervasive, however, 
leading to the observed heterogeneity in oxygen fugacity 
values. 
 
[1] Kelley et al Science (2009) [2] Wood et al Science (1990) 
[3] Lopez et al EOS Trans., T51D-2632 (2012). 
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Carbonaceous meteorites are the most primitive objects of 
the solar system. They contain up to 4% of carbon, mainly 
occurring as insoluble organic matter (IOM). This IOM 
contains key information about the organo-synthesis processes 
taking place in the Solar system, which are so far poorly 
understood. Its chemical structure was recently investigated 
using a combination of analytical approaches including various 
spectroscopic methods, chemical and thermal degradations and 
high resolution transmission electron microscopy observations. 
This led us to propose a model for the IOM chemical structure1 
and a synthesis pathway.  

To test experimentally this pathway, we submitted 
hydrocarbons to a plasma discharge under vacuum. 15% of this 
precursor was converted into OM among which 85% is 
insoluble. Solid state 13C NMR and pyrolysis GC-MS analysis 
of this synthesized IOM revealed that aromatic moieties are 
produced in the gas phase and pointed to strong similarities at 
the molecular level with the hydrocarbon skeleton of 
Murchison IOM. These results strongly support the proposed 
synthetic pathway for meteorite IOM. Additional 
characterization of the synthesized IOM is in progress using 
the same analytical techniques as those previously used for 
Murchison. They will allow a deeper comparison of the two 
materials especially with respect to the aliphatic chains.  

 
[1] Derenne and Robert, 2010 MAPS, 45, 1461-1475 
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Permafrost environments of the northern hemisphere 
preserve 50% of the global belowground stored organic carbon 
(OC)1. Rising atmospheric and soil temperatures is causing 
destabilization of permafrost deposits and increases the re-
distribution of terrestrial OC to the Arctic Shelf, by erosion of 
coastal areas and transportation via the major Arctic rivers. To 
advance our understanding of the export and 
deposition/degradation of soil OC by the easternmost Great 
Russian Arctic Rivers (GRARs) to the East Siberian Arctic 
Shelf (ESAS), this works aims to track characteristic microbial 
biomarkers, bacteriohopanepolyols (BHPs)2, along a 
terrestrial-estuarine-marine transect and determine its fate after 
remobilization. Here we focus on elucidating the distribution 
of these ubiquitous biomarkers in terrestrial endmembers 
including the first data on BHP distributions in Arctic 
permafrost ice complex and Arctic lake sediments. New data 
from the major estuaries of the easternmost GRARs and the 
ESAS are presented with BHP based proxies, R’

soil
2, used to 

trace the mobilisation and fate of terrestrial material in this 
unique environemt. 

 
[1] TARNOCI et al 2009. Global Biogeochem. Cycles 23, 
GB2023. [2] DOĞRUL SELVER et al 2012. Org. Geochem. 
51, 63-72 
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Akaganéite and schwertmannite are crystallographically 
related ferric minerals that include 0.5 nm2 tunnels in their 
structure occupied by anions. Akaganéite has Cl- or F- in the 
tunnels [1,2], whereas schwertmannite has SO4

2- [3]. The 
visible/near-infrared (VNIR) spectral properties indicate 
akaganéite and schwertmannite have similar Fe environments 
and abundant H2O [4]. Mid-IR spectral analyses of akaganéite 
showed that akaganéite readily adsorbs extra H2O from its 
environment and that it can incorporate additional ions quickly 
into the tunnels [5]. 

 
Figure 1: VNIR spectra of akaganéite and schwertmannite 
under ambient (dashed) and dehydrated (solid) conditions. 

Akaganéite has recently been identified on Mars through 
VNIR spectra acquired by CRISM using the band at 2.45 µm 
[6]. Schwertmannite is consistent with some CRISM spectra of 
Mars, although it has not yet been positively identified. Both 
minerals could be part of the “amorphous” phase identified at 
Gale crater by the MSL (Mars Science Lab) rover; however, 
only akaganéite has been unequivocally identified to date [7]. 

 
[1] Cornell & Schwertmann (2003) The Iron Oxides, Wiley-
VCH. [2] Post & Buchwald (1991) Am. Min. 76, 272-277 [3] 
Bigham et al (1994) Min. Mag. 58,	   641-‐648	   [4]	   Bishop & 
Murad (1996) Mineral Spectroscopy, Geochem. Soc. 337-358 
[5] Murad & Bishop (2000) Am. Min. 85, 716-721 [6] Carter et 
al (2014) LPSC 45, #2364 [7] Ming et al (2014) Science 343, 
#6169 
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Aluminosilicate glasses quenched from melts at pressures 
of 6-10 GPa show significant increase in AlO5 and AlO6. In 
this study we look at compositiions in excess of non bridging 
oxygen- CAS(Ca3Al2Si6O18), NS3 (Na2Si3O7 with 0.5% 
Al2O3) as well as Jadeite compostion (1:1 Na:Al) glasses in 
pressures ranging 1-3 GPa. 

We observed, even at shallower mantle pressures of 1-3 
GPa, compositions with excess modifier cation contain up to 
10’s of percent of AlO5 and AlO6. 27Al MAS NMR of the 
jadeite composition glass (Na:Al 1:1) at 2GPa quenched from 
740°C (near to Tg) did not show any distinguishable AlO5 or 
AlO6 species. 

NS3 and CAS glasses were compressed and held at 
temperatures ranging from near to their ambient glass 
transitions (Tg) up to temperatures above the liquidus. Samples 
that were quenched from above the melting point showed 
substantially lower recovered density and lower Al 
coordination number compared to the samples that were held 
near to Tg. For example, sodium aluminosilicate glass 
quenched from 510°C (near to Tg) had 70% more AlO5 than 
samples from 1200°C. Based on the measurement of actual 
cooling rates, fictive temperature differences for the glasses 
from these two extreme temperatures are not large enough to 
account for this apparent loss in density and Al-coordination 
during quench. Glasses held at near to Tg were held at target 
temperature and pressure for different durations and spectra 
were compared to confirm they were fully relaxed. The most 
likely cause for these differences is therefore probably the 
pressure drop during cooling from temperatures above liquidus 
as liquid contracts upon cooling. Results from previous high T 
and P quenching studies thus give only minimum estimates of 
pressure effects on melt structure.  
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Spinel peridotite and garnet pyroxenite xenoliths from 

Hawaii provide important clues about the composition of the 
oceanic lithosphere, and can be used to assess its contribution 
to mantle heterogeneity upon recycling.  

The peridotites have lower bulk H2O (~70-114 ppm) than 
the MORB source, qualitatively consistent with melt depletion. 
The garnet pyroxenites (high pressure cumulates) have higher 
H2O (200-460 ppm, up to 550 ppm accounting for phlogopite) 
and low H2O/Ce ratios (<100). The peridotites have relatively 
light Fe-isotopes (δ57Fe = -0.34 to 0.13) that decrease with 
increasing depletion, while the pyroxenites are significantly 
heavier (δ57Fe up to 0.3). The observed xenolith as well as 
MORB and OIB Fe-isotope variability is larger than can be 
explained by existing melting models.  

The high H2O and low H2O/Ce ratios of pyroxenites are 
similar to estimates of EM-type OIB sources, while their heavy 
δ57Fe are similar to some Society and Cook-Austral basalts. 
Therefore, recycling of mineralogically enriched oceanic 
lithosphere (i.e. pyroxenites) may contribute to OIB sources 
and mantle heterogeneity.  

The Fe3+/ΣFe systematics of these xenoliths also suggest 
that there might be lateral redox gradients within the 
lithosphere, between juxtaposed oxidized spinel peridotites 
(ΔFMQ = -0.7 to 1.6, at 15 kb) and more reduced pyroxenites 
(ΔFMQ = -2 to -0.4, at 20-25kb). Such mineralogically and 
compositionally imposed fO2 gradients may generate local 
redox melting due to changes in fluid speciation (e.g. reduced 
fluids from pyroxenite encountering more oxidized peridotite). 
Formation of such incipient, small degree melts could further 
contribute to metasomatic features seen in peridotites, mantle 
heterogeneity, as well as the low velocity and high electrical 
conductivity structures near the base of the oceanic 
lithosphere.  
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Crassostrea virginica is one of the most common oyster 

species in eastern North America and is frequently found in 
archaeological sites and sub-fossil deposits. Although there has 
been extensive sclerochronological studies utilizing δ13C and 
δ18O data from the shells of this species, little is known about 
δ15N stored within the organic matrix of the shells. Such data 
could potentially be a useful paleoenvironmental proxy to 
determine nitrogen loading and the subsequent anthropogenic 
impacts within an area.  

Ninety archaeological shells ranging in age from ~120 to 
3,400 years old and thirty-two modern shells were collected in 
Chesapeake Bay at the Smithsonian Environmental Research 
Center in Edgewater, Maryland. One valve from each shell 
was sub-sampled and analyzed without acidification using an 
EA-IRMS system equipped with a CO2 trap to determine %N 
and δ15N content of the shells.  

Comparison of %N and δ15N in C. virginica shells from 
the six different time periods studied show relatively constant 
values from ~3,400 years ago to 1820 AD. Between 1820 and 
1890 AD, there are rapid increases in both %N and δ15N in the 
shells, which continue to exponentially increase in value to the 
modern shells. The increases in %N and δ15N are correlated 
with increased anthropogenic impact due to human population, 
sewage discharge, and urbanization in Chesapeake Bay at this 
time. These data demonstrate the utility of δ15N data from C. 
virginica shells as a paleoenvironmental proxy to measure the 
anthropogenic impact of a specific area over time.  
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The Sheepbed mudstone, the lowermost observed member 
of the Yellowknife Bay formation at Gale Crater, is interpreted 
to be a lacustrine deposit at the distal end of an alluvial fan [1]. 
Two samples of this unit, John Klein and Cumberland, were 
drilled and subsequently analyzed by the CheMin XRD/XRF 
instrument.  

The <150 µm fraction of drill fines analyzed by CheMin is 
typical of the mudstone matrix, with some incorporation of 
white veined material seen in the walls of the drill hole. The 
mudstone contains detrital basaltic minerals, calcium sulfate, 
iron oxide and sulfide, amorphous material and a trioctahedral 
smectite clay [2]. The basaltic minerals are broadly similar to 
those sampled in a nearby eolian deposit called Rocknest [3,4], 
with notably less Fe-forsterite and more magnetite. A detailed 
analysis of the 001 and 02l diffraction band suggests that the 
phyllosilicate is a trioctahedral Fe-saponite rather than a 
dioctahedral phyllosilicate like montmorillonite or nontronite. 
Relative to eolian material as seen at Rocknest, the presence of 
~20% smectite and excess magnetite with the near absence of 
Fe-forsterite suggests that saponitization (a reaction akin to 
serpentinization) occurred. On the basis of its mineralogy, the 
Sheepbed unit is hypothesized to have been a shallow lake 
deposit with circumneutral pH and low ionic strength, with 
evidence of mineral reactions that occurred in situ and could 
have supported chemosynthetic life. 

 
[1] Grotzinger, J.P. et al (2013) Science, 
10.1126/science.1242777. [2] Vaniman, D.T. et al (2013) 
Science, 10.1126/science.1243480. [3] Bish, D.L. et al (2013) 
Science, 10.1126/science.1238932. [4] Blake, D.F. et al (2013) 
Science, 10.1126/science.1239505. 
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Arsenic contamination of surface and subsurface aquatic 

systems is a critical problem affecting access to safe drinking 
water supplies. Adsorption onto iron oxides is an important 
control on arsenic concentrations in aquatic systems and is 
used is water filtration processes. Iron oxide minerals are often 
modeled as having their reactivity towards adsorbates 
dominated by a single surface site type. However, surface 
functional groups in multiple coordination states exist on iron 
oxide surfaces and these may display different adsorption 
affinities and rate for a given adsorbate. Predictive models of 
arsenic adsorption will be more accurate if they account for 
differing affinities among surface sites. This project 
investigates the importance of distinct surface site by studying 
As(V) adsorption onto hematite particles displaying two 
different morphologies under neutral conditions. 

Hematite particles with pseudocubic and platelet 
morphologies were synthesized using established methods. 
The psesudocubic particles are bound by six {012} surfaces of 
approximately equal surface area; adsorption to {012} surface 
occurs at singly coordinated functional groups. In contrast, the 
platelets are enclosed by two {001} basal faces and six {012} 
side faces in a roughly 2:1 proportion. {001} surface may only 
display doubly coordinated surface functional groups. The 
platelets should thus show distinct As(V) adsorption behavior 
from the pseudocubes if adsorption affinity varies with surface 
site coordination state. As(V) adsorption isotherms were 
measured on each particle type at pH 7. X-ray adsorption fine-
structure (XAFS) spectroscopy was then used to determine if 
As adsorption mechanisms differed between the two particles. 
XAFS analyses show that both bidentate and monodentate 
surface complexes form on the platelets but only bidentate 
complexes form on the pseuocubes. These results suggest that 
surface functional group coordination state affects As(V) 
adsorption affinity and mechanism. 



 Goldschmidt2014 Abstracts  

 

215 

215 

Origin and evolution of dissolved 
inorganic phosphate δ18OP signatures 

R. E. BLAKE1*  
1Department of Geology and Geophysics, Yale University, 

P.O. Box 208109, New Haven, CT 06520-8109, USA 
(*correspondence: ruth.blake@yale.edu)  

 
The 18O/16O ratio (δ18OP) of dissolved inorganic phosphate 

(DIP) has been increasingly applied toward tracing sources and 
cycling of phosphorus in aquatic, soil and marine 
environments due to several advances in methods of sampling 
and analysis over the past decade. Tracing of P along a flow 
path or mixing line, or tracing the evolution of DIP δ18OP 
within a water mass, requires knowledge of the starting/ source 
δ18OP value, which in the case of wastewater effluent and 
agricultural runoff, can be determined from direct 
measurement. For open marine environments and the deep 
ocean, however, the predominant source of DIP is surface-
formed primary organic matter (i.e., biomass) or secondary 
biomass formed in the water column or pore waters, which 
have not yet been directly measured.   In addition to 
knowledge of the isotopic composition of source DIP, 
interpretation of DIP δ18OP values has depended on 
comparisons of measured δ18OP values to an equilibrium 
endpoint , but with no quantitative measure of specific factors 
promoting equilibrium, or rates of evolution of δ18OP toward 
equilibrium. Furthermore, the equilibrium end point has 
typically been defined by empirically-derived equations 
describing the temperature dependence of presumed 
equilibrium O-isotope exchange between bioapatite and water, 
which could be different from that between dissolved 
phosphate and water. Here we present new data on direct 
measurement of δ18OP values of organically-bound and 
biomass -PO4--the source of marine DIP, as well as new 
controlled laboratory–determined calibrations and rates of 
dissolved PO4-water exchange coupled with rates of cellular 
respiration (e.g., sulfate reduction), to begin to address the 
above mentioned issues and also further our insights into 
transformations of marine P based on measurement of δ18OP 
values of DIP.  
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We present a novel process that analyses gas inclusions 
(GI) in geologic materials for procuring direct measurements 
of gas contents in seawater and the atmosphere, and in 
meteoric, diagenetic, hydrothermal and magmatic fluids. This 
applies equally to terrestrial (TE) and extraterrestrial (ET) 
materials of all ages. We are able to obtain gases from samples 
as small as 25 mg, hosting groups of inclusions as small as 1 
micron, using the incremental crush and fast scan (ICFS) 
method at room temperature. The small sample and gas 
inclusion sizes minimizes problems of cross contamination and 
thus gives gas contents with greater homogeneity, and more 
importantly, avoids many of the pitfalls experienced by other 
fluid inclusion gas methods. Acquisition of gases is achieved 
with two quadrupole mass spectrometers (Pfeiffer PrismaTM) 
operating in the fast-scan, peak-hopping mode. Detection 
limits with mass spectrometry for most inorganic gas species is 
about 0.2 ppm, and slightly higher for organic species. The 
novel procedure allows us to determine routinely the 
following: H2, He, CH4, N2, O2, H2S, Ar, CO2 and H2O, as well 
as C2H4, C2H6, SO2, C3H6, C3H8, C4H8, C4H10, and C6H6. 
Accuracy of gases in artificial inclusions is ~0.5%, and 
precision for major gases is ~ 5% and ~ 10% for minor species 
in natural materials. In addition, the cryogenic trapping of the 
primary H2O allows for the separate analysis of δ18O and δD 
compositions. 

Our method allows for the chemical characterization of 
dissolved gases in biogenic carbonates, ancient seawater – and 
as such – the gas content of the overlying atmosphere.  

 

 

 

 

 

 

 

 

 

 

 

 



 Goldschmidt2014 Abstracts  

 

217 

217 

A selection of thermodynamic 
properties for zeolites: application to 

the cement/clay interactions 
P. BLANC1*, P. VIEILLARD2, S. GABOREAU1, 

H. GAILHANOU1, F. CLARET1, B. MADE3 AND E. GIFFAUT3 
1BRGM, BP36009, 45060, Orléans, France  

(*correspondence : p.blanc@brgm.fr) 
2Hydrasa, 5 Av. Albert Turpain, 86022 Poitiers-Cedex, France 
3Andra, F-92298 Châtenay-Malabry Cedex, France 
 

Deep disposal concepts are usually based on a multibarrier 
concept that may involve a physical contact between clayey 
and cementitious materials. In such context, zeolites are a 
group of important phases, which group most of the transition 
phases between cement and the clayey barrier since zeolites 
have been shown to form readily after the weathering of clays 
in a hyperalkaline environment [1]. Thermodynamic properties 
can be found in the literature for some of the zeolites of 
interest in deep disposal contexts. However, there is still a lack 
of consistency among the available thermodynamics datasets. 
A first task realized in the present work consists in a critical 
selection of the thermodynamic datasets published so far. The 
selection could be achieved with some confidence for a rather 
large list of minerals. Some questions and uncertainties still 
remain for phases like phillipsite, chabazite or gismondine.  

Cases from the previous critical selection indicate the role 
of kinetics in the precipitation of zeolites, which can help in 
moderating the phase relations indicated by thermodynamics 
and can be related to field observations or experimental results. 
In addition, the concept of rock acidity can applied with 
success in order to investigate the phase relations between 
cements, zeolites and clayey materials.  
 
[1] Gaucher and Blanc (2006) Waste Management 26, 776-788 
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Subduction of fracture zones has been shown to have a 
pronounced effect on the distribution and geochemistry of arc 
volcanism [1, 2, 3, 4]. In the case of the Mexican Volcanic 
Belt, geochemical and petrologic data from volcanism in the 
region indicates that the Tziztio Gap (TG), a prominent ~100 
km indentation in the front of the volcanic belt, and anomalous 
compositions of young volcanism behind the TG, are caused 
by subduction of the Orozco Fracture Zone (OFZ) beneath the 
North American Plate at the Middle America Trench [1]. 
Several recent studies support this conclusion and allow for a 
multidisciplinary approach to understanding fracture zone 
subduction.  

Investigation of coastal deformation in the region shows 
that Pleistocene and Holocene tectonic uplift rates are 
significantly higher across the OFZ than in the rest of the 
Mexican subduction zone [5], consistent with surface 
roughness or buoyancy due to hydration of the oceanic 
lithosphere in proximity to the OFZ. Detailed studies of the 
seismic structure and anisotropy of the Mexican subduction 
zone show that there is an ultra-slow velocity layer at the top 
of the subducting Cocos Plate [6], which ends at the western 
margin of the of the projected OFZ, consistent with the 
interpretation of a tear in the Cocos Plate [7] that separates a 
North Cocos Plate from a South Cocos Plate, analogous to the 
10 Ma Rivera-Cocos tear. Reconstruction of the volcanic 
history of the Tacámbaro-Puruarán region directly west of the 
TG documents anomalously high eruption rates of basaltic 
andesite to andesite magma in the Holocene [8], which could 
be explained by a tear in the slab at the OFZ and influx of 
asthenospheric mantle into the source region. This new 
geologic and geophysical data, combined with our 
geochemical data and model [1] provide a well-constrained 
example of on-going fracture zone subduction.  
 
[1] Blatter & Hammersley (2010) J. Volcanol Geoth Res 197, 
67-84 [2] Singer et al (1996) AGU Geophysical Monograph 
Subduction: Top to Bottom, 285-291 [3] Jicha et al (2004) J 
Petrol 45, 1845-1875 [4] Grove et al (2002) Contrib Mineral 
Petrol 142, 375-396 [5] Ramírez-Herrera et al (2011) Pure 
Appl. Geophys, 168, 1415-1433 [6] Dougherty et al (2012) J. 
Geophys Res 117, B09316 [7] Stubailo et al. (2012) JGR 117, 
B05303 [8] Guilbaud et al (2012) Bull Volcanol, 74, 1187-
1211 
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Dacites and rhyodacites (63-71 wt% SiO2) dominate 

explosive volcanism in the Cascades, including historic 
eruptions at Mt. St. Helens (1980) and Lassen Peak (1915). 
Pre-eruptive conditions of several such magmas have been 
determined experimentally, quantifying pressures, 
temperatures, H2O concentrations, and fO2s of upper crustal 
storage [1, 2, 3]. However, growing evidence from zircon 
geochronology points to prolonged incubation periods for 
some evolved arc magmas [4], consistent with their generation 
in the mid– to lower crust where high ambient temperatures 
and mafic replenishment can keep intrusive complexes 
hovering near the solidus. Such evolved arc magmas may 
aggregate to sufficient volumes that they can temporarily 
overwhelm and dominate the ordinarily andesitic feeder 
systems, leading to atypically explosive silicic eruptions. 
Recent experiments on arc basalt [5] confirm that dacitic 
liquids can be generated by crystallization of typical arc basalt 
at mid– to deep crustal pressures.  

In ongoing experiments using a pumice from the plinian 
Mt. St. Helens Yn tephra of ~4000 ybp (SiO2 = 65.2 wt% 
normalized anhydrous), we are mapping the near-liquidus 
saturation surface at various H2O concentrations (3, 6, 9 wt%) 
and pressures (400, 700, 900 MPa), buffered at Re–ReO2. We 
characterized the starting material with XRF and ICPMS 
analyses of single pumices and found little compositional 
diversity within the unit. We measured dissolved H2O in 
plagioclase-hosted melt inclusions using ATR–FTIR [6], 
yielding 5 to 6.5 wt% H2O, similar to published values [2], and 
determined fO2 as just below Re–ReO2 through analyses of 
magnetite–ilmenite pairs and application of the Ghiorso and 
Evans [7] oxybarometer. Regions of near-liquidus multiple 
saturation with plagioclase, oxides, and one or more mafic 
silicates would be candidate T–P–H2O conditions for the 
generation of the Yn and similar magmas.  

 
[1] Rutherford, et al (1985) J Geophys Res. B. 90, 2929-2947 
[2] Geschwind & Rutherford (1992) Geology 20, 1011-1014 
[3] Gardner, et al (1995) Bull Volcanol 57, 1-17 [4] Bachmann 
et al (2007) Geology 35, 73-76 [5] Blatter, et al (2013) Contrib 
Mineral Petrol 166, 861-886 [6] Lowenstern and Pitcher 
(2013) Am. Mineral 98, 1660-1668 [7] Ghiorso and Evans 
(2008) Am. J. Sci. 308, 957-1039. 
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Authigenic carbonates are capable of generating 

anomalous carbon isotope values in marine sediments, but 
their contributions to ancient sedimentary sections are difficult 
to assess. In this study of dolomite from the Monterey 
Formation of offshore California, Mg and Ca isotopes are 
shown to vary with stratigraphic depth as they respond to early 
diagenetic processes. The relationship of δ26Mg and δ44/42Ca to 
traditional δ13C and δ18O measurements represents a new 
geochemical tool for identifying authigenic carbonates in the 
geological record. 

The dolomite of the Miocene-age Monterey Formation 
occurs as beds and nodules throughout the organic-rich, 
predominantly siliceous sequence. The dolomite is an early 
diagenetic (pre-compaction) phase, with δ13C ranging from 
–16 to +9‰. Light δ13C values were likely acquired from the 
sedimentary zone of microbial sulfate reduction and heavy 
δ13C from the zone of methanogenesis. Mg and Ca isotopes are 
roughly anti-correlated, with intervals of negative δ13C 
associated with low δ26Mg and high δ44/42Ca excursions that 
yield distinctly different values than primary marine carbonate. 

The data can be explained either by variation in Mg and Ca 
isotope fractionation factors associated with changes in 
precipitation rate, or by changes in the depth distribution of 
dolomite formation within the sediment column. Regardless of 
the underlying mechanism, these data suggest that Mg and Ca 
isotopes can provide unique insights into the formation of 
authigenic carbonates which complement preexisting datasets 
of C and O isotope variability. 
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We measured major and trace element concentrations and 
147Sm-143Nd and 176Lu-176Hf compositions for 18 komatiites 
from the ICDP core in the Barberton Greenstone Belt, South 
Africa. Two fractions of magmatic clinopyroxene (cpx) from a 
surface sample were also analyzed. All samples are of the Al-
depleted Barberton-type komatiite and all show the 
geochemical signature of residual garnet in the source (low 
Al/Ti, depleted HREE). One sequence, however, is unusual in 
that it reveals petrographic and geochemical evidence that 
orthopyroxene (opx), as well as olivine, was on the liquidus. 
For the Lu-Hf isotope system, the whole-rocks and cpx define 
a linear array whose slope corresponds to an age of 3419±25 
Ma, which is within error of the accepted age of the rocks 
(3.48 Ga). The Sm-Nd whole-rock and cpx data likewise fall 
along a linear array but yield a younger age of 3371±20 Ma. 
The high MSWD values for both systems indicate substantial 
scatter likely owing to element mobility that disturbed even 
these relatively robust isotopic systems. The average initial 
εNd(T) and εHf(T) for the whole-rocks are +0.2 and +1.5, 
respectively, while the cpx separates have εNd(T) = -1.1 and -1.5 
and εHf(T) = +3.3 and +4.1. Given the scatter of the whole-rock 
data, and the evidence of secondary processes, the most robust 
constraint on the composition of the komatiite source comes 
from the two cpx. Their positive εHf(T) is in line with other 
results from komatiites from the Barberton Greenstone Belt but 
their negative εNd(T) is surprising in that it indicates an enriched 
source with low Sm/Nd. The peculiar characteristics of this 
source – low Sm/Nd and high Lu/Hf – is also found in the 
trace element compositions of the komatiites, which have 
moderately enriched LREE and negative Hf anomalies. The 
enriched LREE are consistent with that of a liquid extracted 
after deep melting but the origin of the Hf deficit is uncertain. 
The opx-phyric komatiites are isotopically indistinguishable 
from the other komatiites indicating that their Si-rich character 
was acquired during melting rather than derived from an older 
source. All the komatiites were produced by about 30% batch 
melting, at about 300 km depth, under conditions in which 
garnet remained in the residue during the melting process. 
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Garnet-whole rock (Grt-WR) ages of metapelites 
determined by the Lu-Hf decay system are almost always older 
than Sm-Nd ages obtained from the same aliquots. 
Unambiguous interpretation of the observed age differences 
has been hindered by a lack of adequate information about 
grain size, diffusion data for Hf in garnet, and in many cases 
about peak metamorphic conditions and cooling rates, all of 
which affect the significance of the ages obtained from these 
decay systems. 

As part of this work, the diffusion kinetic properties of 
Hf4+ and Lu3+ in garnet were determined as functions of 
temperature, pressure and oxygen fugacity; these data were 
then input into a numerical model in order to address the 
complexities which arise from the dissimilar diffusion kinetic 
properties of these two elements in garnet. The results of this 
model explain the commonly observed age discrepancies 
between Lu-Hf and Sm-Nd Grt ages, and also show that Grt-
WR Lu-Hf isochrons do not generally yield ages which 
correspond to an unambiguous temporal event in the history of 
the host rocks. 

The numerical model developed in this study was used to 
explain the Lu-Hf and Sm-Nd Grt-WR ages of basement rocks 
from the Andean Putumayo foreland basin in south-central 
Colombia. By dissolving handpicked garnets of uniform 
radius, we obtained a Lu-Hf Grt-WR age that is 63 Myr older 
than the Sm-Nd age obtained from the same aliquots. By 
modeling retrograde Fe-Mg zoning in garnet adjacent to 
biotite, the initial cooling rate of these rocks was constrained 
independently of the geochronological data. Because SIMS 
transects of garnet within these samples reveal complete 
diffusive relaxation of REE growth-zoning profiles at peak P-T 
conditions, a peak metamorphic age that is younger than the 
Lu-Hf Grt-WR age is inferred from the Sm-Nd Grt-WR age 
and cooling rate discussed above. By imposing a parabolic 
prograde T-t path and a garnet growth model that assumes 
garnet radius is proportional to the square root of the elapsed 
time since garnet nucleation, the numerical model accurately 
reproduces the observed Lu-Hf and Sm-Nd Grt-WR ages, and 
predicts a garnet nucleation age that is 12 Myr younger than 
the Lu-Hf age. Thus, although Lu-Hf Grt-WR ages are 
commonly spurious, they can still be used to constrain the 
duration of prograde garnet growth. 
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In nature, magnetotactic bacteria synthesize intracellular 

mineral magnetic nanoparticles [1]. These nanoparticles 
surrounded by a membrane (magnetosomes) are produced in 
microoxic zone in presence of iron in environmental 
conditions. To understand the effect of magnetic field on the 
growth of magnetic biogenic nanoparticles, encapsulation of 
bacteria in a silica matrix has been performed. The 
bioencapsulation via sol-gel process permitted to prevent the 
move of bacteria along magnetic field lines and improved the 
viability of the cells over the long-term [2]. The silica gels 
were placed in a set-up to expose encapsulated bacteria to an 
external magnetic field (80 mT). To evaluate the 
cytocompatibility of the matrix, viability tests were performed 
using plate-count technique which gives the number of 
culturable bacteria and monitoring of metabolic activity. The 
viability tests were realized using bacteria without 
magnetosomes (non magnetic cells) and with magnetosomes 
(magnetic cells). After 7 days of encapsulation, 40 % of non 
magnetic cells and 30% of magnetic cells were still viable. The 
tests have shown that the viability of magnetic cells decreases 
more quickly than that of cells without magnetosomes. In order 
to evaluate the capacity of non magnetic cells to produce 
magnetosomes in presence or not of a magnetic field, the 
bacteria were encapsulated during 7 days. On the long term, 
the bacteria could produce magnetosomes in determined 
conditions (iron supply and low oxygen concentration). In this 
case, the presence of an external magnetic field had an effect 
the form or orientation of the biogenic nanoparticles and likely 
stimulated their production. 

 
[1] Faivre & Schüler (2008) Chem. Rev. 11, 4875–4898 [2] 
Blondeau & Coradin (2012) J. Mater. Chem. 22, 22335-22343 
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The Agilent 4200 MP-AES produces a robust and stable 
nitrogen plasma using magnetically coupled microwave 
energy. This system provides superior detection limits, 
extended working range and improved time of analysis for 
multi element determination compared to flame atomic 
absorption. A nitrogen gas generator can be used to feed the 
plasma and source lamps are not required. This significantly 
reduces operating costs while improving laboratory safety by 
eliminating flammable and oxidizing compressed gases. The 
design and operation of this new instrument for elemental 
determinations will be discussed. Methods developed and 
results obtained for the multi-element determination of metals 
in sulfide ore certified reference materials will be presented 
and compared to results obtained by ICPOES. 
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Recently, the isotopic analysis of peridotite sulfides, a 

trace phase in the mantle, has been demonstrated to provide a 
record of mantle Pb isotopic evolution [1,2,3].  

1. Mantle sulfides in abyssal peridotites consist 
mainly of pentlandite, pyrrhotite and 
chalcopyrite with very low modal abundances of 
<0.03% [4] and highly variable Pb 
concentrations, 0.1-10 ppm [2]. We examine the 
Pb isotopic composition of the oceanic mantle by 
in situ analysis of Pb isotopes by the ion probe in 
peridotite sulfide grains from the Southwest 
Indian Ridge (SWIR), particularly the Oblique 
Segment and the Atlantis II Fracture Zone, and 
from the Gakkel Ridge in the Arctic Ocean. 
Samples from the SWIR and Gakkel Ridge 
contain sulfides with a range of compositions, 
corresponding to both residual mantle sulfides 
and those crystallized from melts percolating 
through the peridotite. Sulfides from the SWIR 
confirm the presence of ancient refractory 
material in the oceanic upper mantle. Gakkel 
Ridge sulfides show a large range of isotopic 
variability reflecting both pre-existing 
heterogeneity and the complicated nature of the 
melt- rock reaction process.  

The Pb isotopic composition of sulfides confirms that the 
oceanic upper mantle is heterogeneous with both unradiogenic 
and radiogenic materials present. Sulfides show that peridotites 
generally cover a larger isotopic range than basalts from the 
same area. The occurrence of individual samples with a range 
of sulfide isotopic compositions suggests that melt-rock 
reaction can produce significant compositional heterogeneity 
in the upper mantle at relatively small length-scales. The large 
range in isotopic compositions among individual melts and the 
signature of refractory mantle components are averaged out 
when melts coalesce to produce basalts. 
 
[1] Burton et al (2012) Nature Geosciences 5, 570-573 [2] 
Warren & Shirey. (2012) EPSL 359-360, 279-29 [3] Blusztajn 
et al (2014) Geology 42, 159-162 [4] Luguet, et al (2003) GCA 
67, 1553-1570 
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Most clinopyroxenes of the Earth’s crust and upper mantle 
contain only tetrahedrally coordinated silicon. However, some 
high-pressure experiments [1-3] demonstrate the capability of 
clinopyroxenes to accommodate VISi. This suggests that the 
stability field of such minerals may be expanded to the 
lowermost upper mantle and transition zone. The first 
synthesis of the Na(Mg0.5Si0.5)Si2O6 pyroxene at 10 and 15 GPa 
and its unit-cell parameters measured by X-ray single-crystal 
diffraction were reported in [1]. The stability field of Na-
pyroxene and the pyroxene/garnet transition was studied in [4]. 
Here we report the high-pressure behaviour of a Fe-bearing 
Na-pyroxene, Na0.884Fe2+

0.199Mg0.475Si2.442O6, up to 30 GPa at 
room temperature by synchrotron X-ray single-crystal 
diffraction. 

The diffraction pattern of a crystal, loaded in a diamond 
anvil cell at ESRF (ID09A), can be indexed with the following 
monoclinic unit cell (space group C2/c): a = 9.5059(9), b = 
8.6667(2), c = 5.2715(7) Å, β = 108.04(9)°, V = 413.1(6) Å3. 
The lattice parameters decrease gradually with pressure 
reaching a = 9.0339(14), b = 8.056(17), c = 4.9585(7) Å, 
β = 105.47(7)°, V = 347.9(4) Å3 at 30 GPa. No amorphization 
or phase transitions were detected in the studied pressure 
range. 

The variation of the unit-cell volume is rather smooth and 
can be described with a third-order Birch-Murnaghan equation 
of state giving a bulk modulus of K0 = 124(4) GPa and K’ = 
3.7(3) in the same range.  

This study was supported by the Russian Foundation for 
Basic Research (project no. 12-05-00426). 

 
[1] Angel et al (1988) Nature 335, 156–158 [2] Gasparik 
(1989) Contributions to Mineralogy and Petrology 102, 156–
158 [3] Yang et al (2009) American Mineralogist 99, 942–949 
[4] Dymshits et al (2013) Geochimica et Cosmochimica Acta 
105, 1–13 
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One of the most significant concepts to emerge from the 
Apollo-era lunar exploration is the hypothesis that a late, heavy 
bombardment (the LHB) occurred in the inner solar system at 
~3.9 Ga, possibly caused by a sudden massive delivery of 
planetesimals from the outer solar system. The nature of the 
LHB has profound implications for the emergence of life on 
Earth [1], the role of giant planet migration in mitigating 
habitability [2], and the calibration of ‘crater counting’ 
chronologies [3]. Unfortunately, the majority of the evidence 
for the LHB comes from misinterpretations of apparent plateau 
ages on thermally disturbed Apollo samples and appears to 
contradict bombardment histories inferred from lunar 
meteorites [4]. 

In the present study we undertake a thermochronologic 
investigation of Apollo 16 samples from North Ray Crater to 
examine their post-crystallization thermal histories. In contrast 
to practice over the past 40 years, we conducted high-
resolution 40Ar/39Ar step-heating analyses using both 
isothermal duplicate heating steps and temperature cycling to 
maximize resolution of kinetic information needed to couple 
with high precision age measurements to reveal accurate 
thermal histories. Data are modelled using a refined 
formulation of the multi-diffusion domain [5] model that 
incorporates multiple phases and activation energies to 
estimate episodic loss thermal histories. This approach 
demonstrates the significant limitations inherent in arbitrary 
selection of plateau ages. The highly variable initial ages 
recorded in our age spectra demonstrate a more protracted 
bombardment history than generally believed. 

 
[1] Sleep, N.H. et al (1989) Nature 342, 139–142 [2] Gomes, 
F. et al (2005) Nature, 435, 466-469 [3] Head, J.W. (1976) 
Rev. Geophys., 14, 265–300 [4] Cohen, B.A. et al (2005) 
MPS, 40, 755-777 [5] Lovera, O.M. et al (1991). JGR, 96, 
2057-2069 



 Goldschmidt2014 Abstracts  

 

228 

228 

Uranium migration and stabilization 
during weathering of granitic waste 

rock piles  
FLORA BOEKHOUT1*, MARTINE GÉRARD1, 

GEORGES CALAS1 AND MICHAEL DESCOSTES2  

1Institut de Minéralogie et de Physique des Matériaux et de 
Cosmochimie, Université P&M Curie, IRD, France, 
flora.boekhout@impmc.upmc.fr, 
martine.gerard@impmc.upmc.fr, calas@impmc.upmc.fr 

2AREVA, BG Mines, R&D, Paris la Défense, France, 
michael.descostes@areva.com (*presenting author)  

 
Mining took place in France between 1945 and 2001 

during which time ~ 210 different sites were exploited and/or 
explored. A total of 76 Kt of uranium was produced, 52 Mt of 
ore was extracted, but also 200 Mt of waste rocks were placed 
onto rock piles, the majority of which with uranium levels 
corresponding to the natural environment. So far, the processes 
of uranium migration in waste rock piles are not well 
understood but have important implications for understanding 
the environmental impact and long-term speciation of uranium 
in this setting. Understanding the processes behind uranium 
migration in waste rock piles is essential to determine their 
environmental impact and the effectiveness of possible 
remediation techniques. The main objectives of this work are 
to assess 1) the presence of neo-formed U-bearing phases and 
2) the migration of uranium in waste rock piles that have been 
subjected to weathering since the time of mining.  

The site that was chosen is the Vieilles Sagnes waste rock 
pile in Fanay (Massif Central France) that is representative of 
more or less hydrothermally altered samples that have been 
exposed to weathering since the construction of the waste rock 
pile approximately 50 years ago. This site serves as a key 
location for studying weathering processes of waste rock piles, 
as it has not been reworked after initial construction and has 
therefore preserves information on the original petrology and 
mineralogy of the waste rock pile enabling us to assess post 
emplacement processes related to weathering.  

Weathering of the waste rock pile appears to be 
dominantly mechanical. The majority of U in the waste rock 
pile is immobile due to its incorporation into dominantly 
primary magmatic accessory minerals as zircon and monazite 
which are resistant to weathering. However, as disseminated 
uraninite (UIVO2) can occur as inclusions in the main rock-
forming minerals, limited migration of U(VI) into the 
surrounding environment is coupled to major mineral 
alteration. The sandy technic paleosoil underneath the waste 
rock pile is enriched in uranium and seems to function as a 
natural liner. Retention of uranium occurs by sorption of U on 
Fe oxides and different clay minerals. In the arenized matrix of 
the rock pile we see these retention processes, as well as the 
neo-formation of different insoluble uranyl phosphates (e.g. 
torbernite, autunite) due to weathering. Therefore, despite 
oxidizing conditions prevailing in such environment, U 
migration is limited. 
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In 2012, sea ice in the Central Arctic declined to a record 

minimum. During Polarstern expedition ARKIIVII-3 we 
observed dense ice-algal aggregate accumulations in melt 
ponds, in and below the sea ice, as well as in the water and on 
the deep-sea floor, indicating a substantial export of sea ice 
life. Diatoms inhabiting Arctic sea ice such as Melosira arctica 
can form large aggregates and sub-ice filaments, which rapidly 
sink from the ice upon disturbance. In August-October 2012, 
we observed a widespread deposition of ice algal biomass into 
the traps and at the deep-sea floor in the Eurasian basin of the 
Central Arctic. We were able to obtain aggregates for 
comparative analysis from sea ice, meltponds, traps, surface 
sediments >4000m water depth, including the guts of deep-sea 
holothurians. We compared the microbial community 
composition of different kinds of aggregates collected from 
these habitats by 16S rRNA gene sequencing and by 
microscopic analysis. A substantial fraction of diatoms 
(Melosira, Fragilariopsis, Chaetoceros), but also many 
bacterial taxa (members of the Beta-, Gammaproteobacteria, 
Bacteroidetes), were shared between the aggregates sampled 
from the different habitats, including the surface seafoor, This 
suggests a significant export of sea-ice life to the deep ocean 
due to sea-ice melt. This presentation discusses the nature of 
the associations of bacteria and diatoms in ice, factors 
controlling their aggregation and sinking, as well as the fate of 
ice algal aggregates at the seafloor. This work was supported 
by the ERC Abyss project. 
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The anaerobic and aerobic consumption of methane by 
seafloor communities — before it is emitted to the hydrosphere 
— is termed ‘the benthic filter for methane’. The efficiency of 
this filter can be quantified as the proportion of total methane 
oxidized anaerobically and aerobically to total methane flux. 
Generally, at continental slopes, methane flux to the 
hydrosphere is almost fully controlled by benthic microbes in 
the diffusion-dominated sulphate–methane transition zones. 
Also, at cold seeps, the majority of the dissolved methane 
transported to the sea floor by upward fluid flow is used by 
benthic biota, including animal-microbe symbioses. However, 
the efficiency of the benthic methane filter at cold seeps is 
reduced from around 80% in systems with low fluid flow, to 
around 20% in systems with intermediate flow, and even less 
at high flux seeps with vents emitting free gas to the 
hydrosphere. Furthemore, at active mud volcanoes impacted 
by gas eruptions and sediment mixing, microbial communities 
may be displaced and their ability to oxidize methane reduced. 
Here we present and discuss a few case studies from deep-sea 
cold seeps, where environmental disturbances limit the 
efficiency of the benthic filter in removing the potential 
greenhouse gas methane. Repeated time-series sampling has 
allowed us to quantify fluid flow rate, methane and oxygen 
consumption, microbial community composition, and to 
constrain the temporal and spatial scales of community 
disturbance and recovery at cold seeps such as the Amon Mud 
Volcano of the Nile Deep Sea Fan (Eastern Mediterranean) 
and the Haakon Mosby Mud Volcano of the Barents Sea. This 
work was supported by the Deep Carbon Observatory project.  
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Paleoclimate proxies based on isotopic fractionation in 

biogenic calcium carbonate minerals constrain 
paleotemperatures and aid in assessments of the current rate of 
anthropogenic global warming. Corals and some other 
calcifiers tend to display δ13C and δ18O at isotopic 
disequilibrium with surrounding waters (so-called “vital 
effects”), introducing potential errors to paleoproxies [1]. 
Some research attributes vital effects to slow isotopic exchange 
during the hydration reaction between CO2 and H2O to form 
H2CO3 in the semipermeable membrane-bound calcifying 
space (the “kinetic” vital effect model) [2]. 

We present atomistic, ab initio simulations to elucidate the 
potential contribution of kinetic vital effects to non-
equilibrium C and O isotope fractionation in the skeletons of 
calcifying organisms. The model utilizes density functional 
theory and transition state theory to evaluate isotopologue-
specific reaction rates for CO2 hydration. Model accuracy is 
tested against experimental, non-isotopologue-specific reaction 
rates and against equilibrium fractionation factors using both 
forward and reverse reactions. More accurate results are 
obtained when using more H2O molecules in the hydration 
shell surrounding CO2, highlighting the importance of 
accurately modeling the local chemical environment around 
the reactive species and suggesting the usefulnes of cluster-
based ab initio models. These ab initio models will show 
whether or not the kinetics of hydration and hydroxylation 
reactions can account for vital effects in calcifiers, or whether 
other models are necessary to account for non-equilibrium 
fractionation. 

Initial thoughts will also be presented on an alternative 
explanation for the source of vital effects in corals: 
precipitation via an amorphous calcium carbonate (ACC) 
intermediate. Ab initio models of whole nanoparticles are to 
computationally demanding to be feasible, but the usefulness 
of cluster models to describe their properties will be discussed.  

 
[1] Felis et al (2003) Coral Reefs 22, 328-336 [2] Cohen & 
McConnaughey (2003) Rev. Min. Geoch. 54, 151-187 
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Bioelectrochemical systems (BES), in which solid 

electrodes serve as either electron donor or acceptor for 
microbial metabolism, enjoy potential applications ranging 
from treatment of agricultural and chemical waste to 
generating power for remote sensing devices [1]. We examine 
the applicability of a three-electrode BES for controlling the 
fate and transport of iron and arsenic at landfills where these 
redox-reactive metals are dissolved and mobilized from 
minerals in subsurface sediments by metal-reducing bacteria 
(Albrectsen and Christensen, 1994).  

Recent research demonstrates that electrode surfaces can 
support iron-oxidizing bacteria by serving as the sole source of 
electrons in lieu of Fe(II) (Summers, et al, 2013). Our research 
uses a similar approach, with the exception that electrodes 
buried below grade serve as anodes to stimulate the oxidation 
of Fe(II) under fully anaerobic conditions. Controlling these 
reactions using this method avoids the formation of iron and 
perhaps arsenic-bearing minerals at the surface where they 
may threaten wildlife and domestic drinking water sources. 
Moreover, this method may serve to concentrate iron and 
arsenic and reduce the overall volume of problematic leachates 
by converting the anode into a cathode and allowing iron-
reducing bacteria to use freshly precipitated iron oxides as 
electron acceptors. The resulting small volume of water 
containing high iron and arsenic concentrations can then be 
collected for offsite treatment or disposal. 

 
[1] Rabaey, K. et al (2007) ISME J., vol. 1, pp. 9-18 
[2]Albrechtsen, H. J. and T. H. Christensen. (1994). Appl. 
Environ. Microbiol., vol. 60, no. 11, pp. 3920-3925, 
[3]Summers, Z. M. et al (2013) mBio, vol. 4, no. 1, pp. 1-4, 
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Accurate 187Re/188Os,187Os/188Os data in geochronological 

and geochemical investigation of Early Earth and subsequent 
evolution of silicate mantle is important for Re-Os isotope 
system. HPA acid digestions are complete for peridotites e.g. 
UB-N, but there has been observations that HNO3/HCl acid 
attacks on basaltic material e.g. TDB-1 even with high 
temperature and pressure are not satisfactory for complete 
extraction of Re [1]. Only the addition of HF acid in 
combinition with HPA proves to be effective [2&3]. HF acid is 
hazardous, contact poison and causes MgF2 precipitation . 

Here we undertook a study of basaltic reference material 
TDB-1 for complete digestion and recovery for accurate Re 
determination without using HF. We claim to present a simple, 
safe, effective, and inexpensive digestion technique i.e. Na2O2, 
sintering that leads to clear solutions that can be applied to ID-
MS. 500 mg test portions of TDB-1 were digested with Na2O2 
sintering, spiked with PGE, pre-concentrated with anion 
exchange column and measured with ICP-MS. Data obtained 
shows 1.1 ng/g of Re with 1% precision which is in accordance 
with recent literature data [2]. High precedural blanks are of 
concern which will be optimised in furthur PGE-Re study. 

 

 
 
[1] Meisel, T., C. Dale, et al (2009). GCA. 73: 867 [2] 
Ishikawa A, Senda R, Suzuki K & Dale C (2013) Min Mag, 77 
(5) 1362 [3] Dale, C. W., C. G. Macpherson, et al (2012) GCA 
89 (0): 202-225 
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Uranium contaminates many sites throughout the world. 
Within the United States, mine waste is a partuclarly ubiqitous 
problem as exemplified by Rifle, Co where U groundwater 
concentrations exceed the EPA limit as a result of past mining 
activities. Thin lenses of organic matter-rich, anoxic sediments 
(referred to as naturally reduced zones, NRZs) are distributed 
within the aquifer. Our group has recently shown that these 
sediments harbor up to 95% of the total U in the aquifer, 
mainly as U(IV) species, which are non-crystalline and more 
labile than biogenic uraninite (UO2) [1]. Thus, the NRZ 
sediments may act as a source of U, maintaining the 
groundwater U plume.  

Knowledge of the U(IV) speciation is thus key to modeling 
efforts that seek to elucidate U transport within the aquifer. 
However, the speciation of the non-crystalline U(IV) in the 
NRZ sediments is currently unknown: U may be complexed by 
Fe or Si functional groups on mineral surfaces or with P or C 
funtional groups associated with natural organic matter (NOM) 
[1].  

To investigate the speciation of U(IV) in the NRZ 
sediments, we employ a model system containing 
homogenized partially-decayed plant material innoculated with 
Rifle groundwater and incubated with U(VI) under anoxic 
conditions (which leads to U(IV) production). The model 
includes a mixture of degraded plants materials and living and 
dead microbial biomass, thus providing a simplified analogue 
of sedimentary NOM. We investigate the NOM and NOM-
mineral models using a combination of extended X-ray 
absorption fine structure (EXAFS) spectroscopy to obatin bulk 
U speciation, scanning transmission X-ray microscopy 
(STXM) to co-locate U with organic macromolecules, 
microbes and minerals, and scanning electron microscopy-
energy dispersive spectroscopy (SEM-EDS) to co-locate U 
with morphological features (e.g. cells), C, P, Si and Fe. Our 
work provides insight into U(IV) speciation in complex 
organic-rich sedimentary environments. 

 
[1] Campbell et al (2012) Applied Geochemistry 27, 1499-
1511 



 Goldschmidt2014 Abstracts  

 

235 

235 

Halogen stable isotopes (δ37Cl and 
δ81Br) in volcanic systems  

MAGALI BONIFACIE1 AND PASCALE LOUVAT1 
1Institut de Physique du Globe de Paris, Sorbonne Paris Cité, 

Univ Diderot, UMR 7154 CNRS, F-75005 Paris, France 
(bonifaci@ipgp.fr) 

 
Among the main volatile precursors, halogens show a 

unique combination of geochemical features that can be used 
to inimitably trace the history of magmas from their origin 
through their differentiation, degassing and interactions with 
meteoric or hydrothermal fluids. Indeed, chlorine and bromine 
are: the latest (i.e. shallowest) degassed from magmas, and 
mainly as halogenated acids (HCl, HBr); highly hydrophilic 
and can thus be completely trapped as chloride and bromide 
forms in shallow groundwaters or lakes overlying magma 
bodies; and unlike most other main volatiles, they are 
considered as conservative (i.e., chemically non reactive).  

We will present a review of the knowledge on halogen 
stable isotopes systematics (δ37Cl and δ81Br that are 
respectively referring to deviations of 37Cl/35Cl and 81Br/79Br 
ratios in measured sample relative to seawater, in per mil units) 
and their potential as tracers of magmatic processes and 
interactions with hydrothermal systems. While δ37Cl 
compositions already provided such constraints in both oceanic 
[1,2] and aerial settings [3], we anticipate that δ81Br 
compositions (recently developed at IPGP) should significantly 
improve our understanding of volcanic systems. We will 
indeed present results from experiments that have been 
designed to evaluate isotopic variations in volcanic fluids in 
order to improve our understanding of the evolution of 
magmatic and hydrothermal activity, with possible 
applications toward volcano monitoring.  
 
[1] Bonifacie et al (2005), Chemical Geology 221, 279-288 [2] 
Bonifacie et al (2008), Science 319, 1518-1521 [3] Sharp et al 
(2010), GCA 74, 264-273 
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Mg/Ca ratios in foraminifera are often used as a proxy for 

past ocean temperatures. However, over the last decade, it has 
become clear that Mg/Ca ratios in foraminifera are not 
constant throughout the shell. Instead the Mg/Ca ratios within 
the foraminiferal calcite vary systematically between day and 
night, a phenomenon that has yet to be explained 
mechanistically. This has been shown to occur even under 
constant temperatures, and represents an Mg/Ca change of 
several fold. Determining whether elements other than 
magnesium also exhibit sub-micron banding is essential in 
order to properly interpret Me/Ca-based paleoproxies and to 
understand the mechanism causing Me/Ca variability. Using 
time-of-flight secondary ion mass spectrometry (ToF-SIMS), 
an isotope mapping technique with a spatial resolution of 
roughly 200 nm, we discovered systematic Na/Ca banding in 
individuals of the symbiont-bearing planktic foraminifera 
Orbulina universa that had been cultured at constant 
temperature. Using stable-isotope time stamps, we have been 
able to show that this Na/Ca banding exhibits three distinct 
patterns, depending on which part of the foraminifer test was 
analyzed. For much of the test, Na/Ca varies inversely with 
Mg/Ca, with high Na/Ca during the day and low Na/Ca at 
night. In contrast, it appears that both Mg/Ca and Na/Ca are 
high at the location of the primary organic membrane. 
Additionally, Na/Ca is low in the slower-growing inner leaflet 
of the O. universa terminal sphere. Using a combination of 
analytical models and complementary instrumental techniques, 
we test whether these patterns can be explained by active 
exchange of 2Na+ for Mg2+ during biomineralization, by 
kinetic mineral growth effects, and/or by organic-templating 
processes. 
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In 2000, the European Union established the Water 

Framework Directive requiring its members a good ecosystem 
status of all the water bodies for 2015. One of the aspects 
addressed by this directive is the anthropogenic impact on 
metal concentrations in rivers. Since urban and industrial 
sources yields major anthropogenic inputs to the Seine River, 
this element is used as a marker of metal pollution in this 
watershed. However the origin of the variability of the 
dissolved and particulate Zn fluxes in the Seine River are still 
poorly understood. 

Zn isotopic measurements provide information on metal 
sources (natural versus anthropogenic) in the watershed [1]. 
However, Zn isotopic fingerprint alone will hardly unravel the 
processes acting in the water column (biogeochemical 
processes [2,3,4] versus sources mixing). As a result, 
complementary knowledge of Zn speciation with the help of 
X-ray absorption spectroscopy (XAS) is needed. 

Two sampling campaigns have been conducted on the 
whole Seine River watershed during two contrasted 
hydrological regimes. This wide sampling scheme offers the 
opportunity to estimate the impacts of the environmental 
conditions, especially water-flow, on the Zn signal, and to help 
locating the potential metal sources in the watershed. The 
changes in isotopic compositions are discussed together with 
the solid-state speciation obtained by XAS. Distinct types of 
speciation can be related to the nature of the geochemical 
background and soil use, and may be associated with specific 
isotopic signatures in some cases. In addition, both XAS and 
isotopic data yield evidences for a significant effect of 
hydrological conditions on the relative contributions from 
different Zn sources. 

 
[1] Chen et al (2008), ES&T 42, 6494-6501 [2] Gélabert et al 
(2006), GCA 70, 839-857 [3] Jouvin et al (2009), ES&T 43, 
5747-5754 [4] Juillot et al (2008), GCA 72, 4886-4900  
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Soil carbon (C) and nitrogen (N) are major elemental pools 

that are being redistributed due to climate change. 
Belowground, elemental cycling is a microbially mediated 
process and dissolved organic matter (DOM) is the atomic 
currency through which reactions take place. We examined 
changes in the molecular composition of the DOM pool via 
meta-metabolomics over two years (2011 and 2012) as a way 
to assess shifts in the collective belowground plant and 
microbial metabolism as a result of climate change, including 
the effects of combined and separate elevated CO2 and 
warming treatments in the Prairie Heating and Carbon 
Enrichment site (PHACE) located outside Cheyenne, WY. The 
drier year, 2012, had higher metabolite concentrations than the 
wetter year, although plant biomass was lower and microbial 
biomass was higher than in 2011. Year was the major 
significant driver of DOM compositional differences, with 
46% of the variability within the dataset described along PC1 
for liquid chromatography (LC) mass spectrometry (MS) data 
(p < 0.001) and 65% for gas chromatography (GC-MS) data (p 
< 0.001). Examining the enriched metabolic pathways based 
on identified driver molecules is expected to provide insights 
on collective belowground metabolism, and enhance our 
knowledge of DOM processing in response to global 
environmental change.  
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Mushrooms are efficient accumulators of metals but the 
mechanisms of element uptake and transport from soils to fruit 
bodies are poorly known. Pb isotopic analyses of 
environmental samples are considered an efficient tool for 
tracing the sources of Pb pollution but further applications 
might be possible. We have analyzed a representative set of 
four saprotrophic mushroom species collected from four sites 
with differing sources of Pb pollution. To some extent, the Pb 
isotopic fingerprints of the fruit-bodies reflected those of the 
organomineral topsoils. However, at most sites the 206Pb/207Pb 
ratio varied in a rather wide range, suggesting possible Pb 
uptake from lower soil layers. A detailed study was therefore 
conducted at a traffic-polluted site where contrasting vertical 
distribution of 206Pb/207Pb ratios was detected in the soil profile. 
In 19 samples of Agaricus bernardii collected from a single 
plot (10×3 m), the 206Pb/207Pb ratio varied between 1.124 and 
1.175. In five specimens, the majority of accumulated Pb was 
undoubtedly transported from topsoil (0–5 cm) characterized 
by low 206Pb/207Pb ratios (1.11–1.13), corresponding with 
gasoline-derived Pb from traffic emissions. In most samples, 
however, Pb must have been transported from lower depths. 
Since the mycelium of A. bernardii was not restricted to the 
topsoil but could be detected both visually and using PCR with 
specific primers even in a depth of 30 cm, such uptake appears 
to be possible. At suitable sites, Pb isotopes might therefore 
represent an interesting tool for tracing the macrofungal uptake 
and transport of Pb in soils. 
 

This research was supported by the project 504/11/0484 
(Czech Science Foundation). 
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Marine calcium carbonate (CaCO3) polymorphs, as calcite 
and aragonite (e.g., foraminifera and corals), have an important 
role to reconstruct past climate and past ocean circulation, in 
particular when stable isotopes (e.g., O, C, B) and trace 
elements (e.g., Li, B, Mg, Sr) are analyzed. The investigation 
of trace element uptake and stable isotope composition of 
abiotic calcite crystals is already a developed field of study 
[e.g., 1-2] and the comparisons between biotic and abiotic 
systems [e.g., 3] is a very useful strategy to better characterize 
trace element incorporation in biological systems, where “vital 
effects” could complicate data interpretation.  

In order to improve our understanding of trace element 
incorporation in CaCO3 crystals, we developed a new 
technique to promote unseeded precipitation of inorganic 
CaCO3 crystals in a closed system from a non-mechanically 
stirred artificial seawater solution. Because CaCO3 solubility is 
lower at higher temperatures, in our system CaCO3 
precipitation is induced by the development of a thermal 
gradient between a small, warmer area (where crystals 
precipitate over a substrate) and the colder surrounding 
medium (artificial seawater), which composition remains 
nearly constant throughout each experiment. We emphasize 
that the growth rate of crystals precipitated with our technique 
is relatively low. To test our method, we characterized the 
chemical composition (i.e., Li, B, Mg, Mn, Sr, Ba) of calcium 
carbonate crystals precipitated in our experimental setting at 
different temperatures and pH values. Chemical analyses were 
conducted using LA-ICP-MS technology and two standards: 1) 
the glass reference material NIST612; and 2) a calcite matrix-
matching secondary standard (marble).  
 
[1] Gabitov et al (2012) Chem. Geol. 306-307, 92-102 [2] 
Watson (2004) Geochim. Cosmochim. Ac. 68, 1473-1488 [3] 
Marriott et al (2004) Earth Planet. Sci. Lett. 222, 615-624 
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The long-lived and mobile radionuclide 79Se is a fission 

product of 235U and 239Pu and contained in high-level nuclear 
waste (HLW). In the near field of an HLW repository, the 
interaction of dissolved Se(IV) or Se(VI) species with mineral 
phases is a main process for Se immobilization. In this study, 
the retention of Se by hematite was investigated, since iron 
oxides are known for their high adsorption capacity and occur 
in the host rock and barrier materials of HLW repositories as 
well as in corrosion products of steel canisters. 

In contrast to the reversible adsorption of charged Se 
species on the hematite surface, incorporation processes may 
represent a possibility for a permanent Se immobilization. To 
investigate the Se fixation by hematite during the mineral 
formation, a published synthesis method for hematite [1] was 
adapted to reflect the expected hydrochemical conditions of an 
HLW disposal site. The synthesis took place in solution at 
temperatures of 50 °C and under neutral to slightly alkaline pH 
conditions. 

The results of co-precipitation experiments show an uptake 
of more than 99 % for Se(IV) during the formation of hematite 
at initial concentrations of 10-5-10-3 mol/l, whereas in the case 
of Se(VI), the decrease of the initial Se content is only about 
10-15 %. In order to find indications of a Se retention by 
incorporation processes, the results of co-precipitation 
experiments were compared with Se adsorption studies on 
hematite under the same hydrochemical conditions. The results 
indicate that for initial Se(IV) concentrations of more than 10-

3 mol/l the uptake of Se(IV) by co-precipitation is significantly 
higher than by adsorption. In the same way, the data of 
desorption studies reveal that the amount of desorbed Se(IV) is 
much higher (~75-90 %) for hematite samples of a former 
Se(IV) adsorption than for samples of a former co-precipitation 
(~15-35 %). Therefore, Se co-precipitation seems to be the 
predominant immobilization process compared to adsorption. 

 
[1] Schwertmann & Cornell (2000) Iron Oxides in the 
Laboratory. Wiley-VCH, Weinheim. 
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In Northwest Africa, a huge mafic intraplate cenozoic 
volcanism extends along a NE-SW strip, through the Middle- 
and Anti-Atlas mountains (Morocco). A hundred strombolian 
cones and maars emitted numerous mafic lava flows. They 
cover a surface of ca. 960 km2 and range in composition from 
nephelinites to subalkaline basalts. This alkaline volcanism, 
associated to an abnormally shallow lithosphere-asthenosphere 
boundary (ca.70km thick), expands from Middle and Late 
Miocene to Plio-Quaternary. Trace elements and Sr, Nd, Pb 
and Hf isotopes have been measured on 30 samples selected in 
order to cover the variability of differentiation degree and age. 
Nephelinites form small volcanoes built during the Middle-
Late Miocene and the Plio-Quaternary. The three other types 
are exclusively Plio-Quaternary. All samples show strong 
LREE-enrichments combined with enriched Pb-Pb, εNd 
(+2.2< εNd>+5.6), εHf (+1.7< εHf>+8.9) and εSr (-
19.1< εSr>14.2) signatures. Excluding the local crustal 
contamination processes detected in some samples, no 
significant isotopic variation has been detected between the 
different lithologies or eruption ages. Various scenarios have 
been proposed to explain the origin of the intraplate alkaline 
province: 1/ A “HIMU-origin” model, in connection to a trans-
lithospheric corridor connected to the Canary hotspot for the 
Middle-Atlas area [e.g. Duggen & al., 2009] and; 2/ A 
“lithospheric mantle” model [e.g. Missenard and Cadoux, 
2012; Pilet et al. 2008] proposing an origin from a lithospheric 
mantle metasomatised by upwelling of the surrounding 
asthenosphere. These new geochemical constraints allow us to 
unravel the relative contribution of the African continental 
crust and of the lithospheric mantle and that of the underlying 
asthenosphere in the genesis of the Middle Atlas magmas. In 
addition, we propose a constrained model for the origin and 
genesis of the Middle-Atlas intraplate alkaline volcanic 
province. This model is discussed at a global-scale in 
comparison to the other peri-mediterranean alkaline volcanic 
provinces.  
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Beryllium isotopes have provided a useful tool in the field 

of geochronology and geomorphology over the last 25 years. 
The amount of cosmogenic meteoric 10Be and native 9Be 
absorbed to soils often scales with the residence time and 
chemical weathering of sediments in a landscape, respectively 
[2, 3]. Thus, the concentrations in river sediment may be used 
to quantify the denudation of specific watersheds [1]. When 
deposited in ocean sediment, these concentrations are thought 
to record the history of denudation on Earth over the last ~10 
Ma. The use of both isotopes often relies on the premise of 
beryllium retention to sediment surfaces in order to preserve a 
landscape’s erosion and weathering signature. Changes in 
setting, en route from the soil to fluvial system to the ocean, 
can cause beryllium desorption and may preclude some 
applications of the 10Be/9Be system.  

We find that four major processes increase the mobility of 
beryllium in solution after absorption including: a reduction in 
pH, an increase in ionic strength and complexation with 
soluble organic and inorganic species. By both reducing the pH 
and increasing the ionic strength, competition for adsorption 
sites increases, liberating beryllium from the sediment surface. 
In addition, organic and inorganic ligands can complex 
beryllium causing it to be mobilized. To test which of these 
properties affect beryllium desorption and to quantify the 
effect, we prepared separate solutions of beryllium bound to 
minerals, organic matter, and natural well-described soil 
samples and measured solute Be concentration before and after 
adjusting the pH, ionic strength, and inorganic and organic 
ligand concentrations. 

 
[1] von Blanckenburg, F., Bouchez, J. (2014) Earth and 
Planetary Science Letters 387: 34–43 [2] Willenbring, J. K., 
von Blanckenburg, F. (2010a) Earth-Science Reviews, 98: 
105–122 [3] Willenbring, J. K., von Blanckenburg, F. (2010b) 
Nature, 465: 211-214  
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In many countries a significant legacy of radioactive 

wastes exists. The strategy for radioactive waste management 
includes, for intermediate level wastes, containment in a 
Geological Disposal Facility (GDF) in the deep sub-surface 
which typically will contain cementitious materials. Interaction 
of groundwater with the cement and wastes will form a plume 
of a hyperalkaline leachate (pH 13 – 10) [1]. Under these 
conditions, thermodynamic modelling predicts that U(VI) 
solubility will be limited (ppb or lower) and controlled by 
equilibrium with alkali and alkaline-earth uranates [2]. In 
addition to transport in the dissolved phase, colloidal transport 
of radionuclides may be significant [3]. However, the potential 
formation of hexavalent uranium (U(VI)) colloids has received 
little interest despite the observation that U(VI) will be 
stabilised at elevated pH conditions relative to U(IV) [4]. Here, 
we focussed on the formation and characterisation of such 
colloidal phases. 

We applied conventional geochemical and microscopy 
techniques combined with synchrotron based in- and ex-situ X-
ray techniques (SAXS and XAS) to indentify and characterize 
colloidal U(VI) nanoparticles in a synthetic cement leachate 
(pH ≈ 13) with 10-60 ppm U(VI). The results show that in the 
10 ppm system, 1-60 nm U(VI) nanoparticles formed within 
hours and remained stable as colloids for at least 2.5 years and 
in the presence of several mineral phases. Additional structural 
analyses showed that the nanoparticles had a clarkeite (Na-
uranate) type structure. Understanding the formation of such 
colloidal U(VI) nanoparticles is essential in understanding and 
constraining the behaviour of U in cementitious GDFs.   
 
[1] Small and Thompson (2009) Scientific Basis for Nuclear 
Waste Management 1124, 327-332 [2] Gorman-Lewis et al 
(2008) J. Chem. Thermodyn. 40, 980-990 [3] Silva and Nitsche 
(1995) Radiochim. Acta. 70-1, 377-396 [4] Gaona et al (2012) 
Appl. Geochem. 27, 81-95  
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Located in Central Africa, at the fringe between Sahel and 
Sahara, the Lake Chad Basin (LCB) is an endorheic basin of 
2,5.106 km2. This sedimentary basin contains a multilayer 
aquifer system. The Quaternary unconfined aquifer represents 
the main water resource in this region: it covers 500 000 km2 
and is characterized by the occurrence of poorly understood 
piezometric depressions and flow paths. Two underlying 
confined aquifers (early Pliocene and Continental Terminal) 
are artesian but have undergone significant piezometric decline 
due to extensive abstraction since the 1960's. 

To identify the origin of the recharge and flow dynamics in 
this multilayer aquifer, more than one hundred surface and 
groundwater samples have been collected. Together with major 
and stable isotope analyses, measurements of 36Cl have been 
carried out at CEREGE, on the French 5MV AMS National 
Facility ASTER. Moreover, 14C activities have been analyzed 
for 17 samples on the French AMS ARTEMIS. 

The geochemical and isotopic signatures of the Quaternary 
aquifer show very large variations. In the southern part of the 
LCB and near the Chari/Logone Rivers and the Lake Chad, 
groundwaters are of Ca-Mg-HCO3 type with high 36Cl/Cl ratio 
(>1000 at/at). This 36Cl/Cl signature is similar to the one of 
surface waters indicating that these groundwaters are recent 
and very likely imprinted by the 1950s' bomb pulse. 
Elsewhere, waters are more concentrated and evolve to Na-
SO4-Cl type. Their 36Cl/Cl ratio is lower and less variable 
(around 200.10-15 at/at). The 14C contents for these latter 
groundwaters are above 50 pmc, suggesting recent or 
Holocene recharge. A flow pattern and a groundwater recharge 
scheme for the Quaternary aquifer is proposed based on these 
geochemical data. 

In contrast, the confined aquifers have a more 
homogeneous geochemical and isotopic signature. 14C contents 
are all below 0.5 pmc and mainly below the detection level, the 
36Cl/Cl ratios are under 100.10-15 at/at and stable isotopes show 
more depleted waters. This consistently indicates a major 
episode of recharge of the confined aquifers during a humid 
period older than 50ky. 
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Potassium (K) could be a main source of heat in the 
Earth’s core, due to its radioactive disintegration. It remains 
controversial, however, how much K has entered the core at 
the early stage of the core-segregation from a deep magma 
ocean. Quantum mechanical calculations as well as 
experiments suggest a change in electronic structure of K with 
pressure (at ~30 GPa), which would enhance the tendency of K 
to alloy with other transition metals such as iron [see ref 1 and 
references therein] or nickel.  

To provide new constraints on the K content of the core at 
the time of Earth’s core formation, Laser-Heated Diamond 
Anvil-Cell (LHDAC) experiments were carried out to 
determine the partition coefficients of K (DK) between molten 
silicates and iron alloy liquids (S-free and S-bearing alloys), 
between 25 and 65 GPa, 2500 – 3500 K, and at an oxygen 
fugacity about 2 log units below the iron-wüstite buffer. State 
of the art X-ray fluorescence (XRF) technique with a sub-
micron beam (Beamline ID21 at the ESRF) has been used to 
determine the concentration of K in the iron-rich alloys and 
silicate melts. No pressure dependence of the DK coefficients 
was found in the investigated conditions. The dominant 
controlling parameters appear to be the temperature and the 
chemical composition of the metallic phase, with DK 
increasing with temperature, and with the sulphur and oxygen 
contents of the Fe-alloy liquid. 

We will discuss all available high-pressure data to obtain 
the most constrained concentration of K into the Earth’s core. 
 
[1] Lee K.K.M. and Jeanloz R. (2003) Geophys. Res. Lett. 30, 
2212, doi:10.1029/2003GL018515. 
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The 3.09–2.97 Ga Murchison Greenstone Belt (MGB) is 
one of several Archean volcano-sedimentary belts within the 
Kaapvaal Craton in southern Africa [1]. In the MGB, the 
structures are explained by pop-down tectonics of upper-
crustal units within an underlying weak crust submitted to 
horizontal regional shortening [2, 3]. Among the diverse ore 
deposits found within the belt, a set of Sb-(±Au) deposits is 
located along a major brittle–ductile structure known as the 
Antimony Line. The structure is a steeply dipping deformation 
zone, marked by substantial sub-vertical crustal stretch.  

The Antimony Line is marked by intense metasomatism 
with common talcificated, albitized, silicified and carbonated 
rocks associated to Sb-quartz-carbonate veins. Petrological and 
geochemical investigations indicate that albitization developed 
at the expense of a granodioritic protoliths under high 
fluid/rock ratios and that Sb enrichment was concomitant with 
albitization [4, 5]. Oxygen isotopes on albitites point to a 
crustal origin for the hydrothermal fluid responsible for the 
albitization process. Geochronology on zircon and 
hydrothermal monazite identifies a 2.97–2.92 Ga magmatic 
crystallization event, disconnected from a ca 2.8 Ga 
hydrothermal alteration, and a potential younger event around 
2.0 Ga. 

Microthermometric measurements on fluid inclusions 
hosted in Sb-mineralized quartz-carbonate veins, together with 
vein and host rocks paragenesis, indicate pressure-temperature 
of precipitation in metamorphic ambient conditions of about 
350-450°C, 200-300 MPa, which are unusually high 
temperature for an antimony deposit [6]. Taken together, fluid 
inclusion and stable isotopes data point to a metamorphic 
origin for the fluids responsible for the mineralization, likely 
escaped from the nearby Sb-enriched greenstone lithologies, in 
a horizontal regional shortening context, akin to Archean lode-
gold deposits. 
 
[1] Poujol et al 1996, Econ Geol., 91, 1455-1461. [2] Jaguin et 
al. 2012, S Afr J Geology, 115, 65-76. [3] Gapais et al 2014, 
Tectonophysics, in press. [4] Jaguin et al. 2012, Min Deposita 
47, 739-747. [5] Jaguin et al 2013, Lithos, 168-169, 124-143. 
[6] Jaguin et al accepted, Am J of Sc. 
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The behavior of heavy metals in aquifers downgradient 
from polluted sites is of major concern. We investigated a 
nickel plume originating from infiltration ponds near 
Birmingham (UK).  

Multi-level samplers installed along a 300-m long transect 
enabled the collection of depth-specific groundwater samples. 
Two surveys 8 years apart were available on this site. Chloride 
and conductivity enabled us to locate the polluted plume, 
indicating a migration rate of ca. 30 m/year. 

Amongst the many parameters analyzed, we identified 
dissolved organic carbon (DOC), dissolved inorganic carbon 
and dissolved sulfide as being relevant to the nickel transport. 
Chloride was used as a tracer of mixing of contaminated water 
and pristine water to identify the Ni solubility controlling 
processes. 

During the 8-year interval, dissolved Ni and DOC 
(originally up to 100 µmol/L and 100 mmol/L, respectively) 
decreased simultaneously by a factor of ca. 2. The Ni plume is 
limited in extension by zones rich in dissolved sulfide (up to 
20 µmol/L). 

 The solubility and therefore transport of Ni away from the 
infiltration ponds is closely related to the presence of DOC. As 
DOC is consumed by microbiological processes, Ni is 
removed from solution by precipitation as sulfide. 
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The structure electrical double layer (EDL) on charged 

mineral surfaces—the manner in which ion adsorption screens 
interfacial charge—is a recurrent theme in geochemical 
modeling. It plays important roles, for example, in studies of 
ion adsorption, colloidal aggregation, water film thickness in 
unsaturated porous media, and chemo-mechanical coupling in 
clayey media. Current theories of EDL structure are based 
primarily on macroscopic-scale measurements, mean-field 
theories such as the Gouy-Chapman model, and implicit-
solvent theories and calculations (e.g., Brownian dynamics 
simulations) [1]. A more detailed atomistic-level of EDL 
structure is emerging from all-atom theoretical calculations [2], 
X-ray reflectivity experiments [3,4], and molecular dynamics 
(MD) simulations of charged mineral-water interfaces [5,6]. 
However, these techniques have not yet been applied in 
parallel to elucidate the structure of the EDL in a same system. 

Here, I describe MD simulations of the structure of the 
EDL formed by alkali chloride electrolytes at muscovite mica-
water interfaces, in conditions similar to those examined in 
recent X-ray reflectivity experiments [3,4]. The simulations 
reveal the existence of three types of adsorbed species (inner-
sphere surface complexes, outer-sphere surface complexes, 
diffuse layer ions), in agreement with the X-ray reflectivity 
results. The identity of the three species is consistent with the 
tenets of the well-known triple layer model (TLM) [7]. Ion 
density profiles in the diffuse ion swarm are consistent with the 
Gouy-Chapman model, suggesting that they are adsorbed 
primarily through long-range electrostatic interaction with the 
charged mineral surface. 

 
[1] Sposito G., The Surface Chemistry of Natural Particles, 
Oxford University Press (2004). [2] Woelki S., Kohler H.-H., 
Krienke H., J. Phys. Chem. B 112, 3365 (2008). [3] Lee S.S., 
Fenter P., Park C., Sturchio N.C., Nagy K.L., Langmuir 26, 
16647 (2010). [4] Lee S.S., Fenter P., Nagy K.L., Sturchio 
N.C., Langmuir 28, 8637 (2012). [5] Tournassat C., Chapron 
Y., Leroy P., Bizi M., Boulahya F., J. Colloid Interface Sci. 
339, 533 (2009). [6] Bourg I.C., Sposito G., J. Colloid 
Interface Sci. 360, 701 (2011). [7] Davis J.A., James R.O., 
Leckie J.O., J. Colloid Interface Sci. 63, 480 (1978). 
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The last caldera-forming eruption at Rabaul (Papua New 
Guinea) occurred 1400 y BP, and produced ~10 km3 of crystal-
poor, two-pyroxene dacite. Since then, five eruptive episodes 
have occurred from vents along the caldera rim. This is an 
ideal setting to investigate the temporal evolution of a 
magmatic system after a cataclysmic event. The most recent 
period of eruptive activity started in 1994 with the 
simultaneous eruption of Vulcan and Tavurvur on opposite 
sides of the caldera, and was preceded by decade-long unrest 
(since 1971). This provides a great opportunity to investigate 
the temporal and spatial evolution of the magmatic system 
prior to eruption. Most eruptive products are andesitic in 
composition and show clear signs of mixing/mingling between 
a basalt and a high-K2O dacite. The hybridization is in the 
form of banded pumices, quenched mafic enclaves, and hybrid 
bulk rock compositions. Tavurvur 1994 eruptive products are 
slightly more mafic (61-63 wt% SiO2) and clearly more 
heterogeneous than those of Vulcan 1994 (63 wt% SiO2). They 
also preserve clear signs of the basaltic (An90-94 plagioclase, 
olivine phenocrysts) and dacitic (An50 plagioclase, 
clinopyroxene Mg#<72) magmas they formed from, whereas 
Vulcan samples are more hybridized (max An85-90, sieve 
textures, no olivine). Storage depths and temperatures 
estimated from volatile contents, mineral-melt equilibria and 
rock densities suggest that basalts ascended from ~20 km 
(~600 MPa) to ~7 km (200 MPa) and cooled from ~1150-
1100°C before intruding the dacitic magma reservoir at 
~950°C. All of these observations are in agreement with 
geophysical studies (seismic tomography, GPS and seismicity). 
Basaltic magmas are injected into the main reservoir from the 
east near Tavurvur and mix as they progress westwards toward 
Vulcan. Time scales of hybridization were constrained from Fo 
and Mn zoning in olivine and Mg and Sr zoning in plagioclase 
and coincide with the duration of unrest.  
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Reconciling the archives preserved by different minerals in 

a same sample has proven to be difficult. In the case of 
plagioclase- and olivine-bearing basaltic-andesites from 
Volcán Llaima (Chile), it is surprising to see how zoning of 
olivine phenocrysts is always simpler compared to An-zoning 
of plagioclase. The general model is that Llaima basaltic 
andesites stall at the base of the edifice, where they crystallize 
to large extents and form mush bodies. Frequent magma inputs 
from a deeper reservoir remobilize these crystal mushes, 
maintain them in a rheologically viable state, and trigger 
eruptions. Magmas are stored in a plexus of dike-like 
reservoirs, which implies that individual magma batches 
experience variable frequencies of replenishment and reach 
different degrees of magma differentiation. This model 
explains a number of chemical and textural features observed 
with melt inclusions and olivine and plagioclase phenocrysts. 
However, it raises the question of why plagioclases record a 
series of recharge events whereas olivines systematically 
record one only? In this study we examine major and trace 
element zoning patterns of olivine phenocrysts, measured by 
electron microprobe (profiles and maps) and laser ablation 
ICP-MS (profiles), within a theoretical framework of crystal 
growth and element diffusion. We show that combining 
elements recording changes in magma composition (i.e. 
magma recharge or mixing: Fe, Mg, ±Ca, Mn, Ni) with 
elements recording disequilibrium crystallization (i.e. rapid 
growth: P, ±Al, Ti, Sc, V), while bearing in mind their 
individual diffusivities and partition coefficients, enables the 
recovery of a much more complex history than could be 
inferred from Fo-zoning alone. It is only after such a detailed 
analysis that the olivine archive could be reconciled with the 
plagioclase archive of magma reservoir processes at Volcán 
Llaima. 
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On the mysterious 176Hf excesses 
A. BOUVIER1, M. BOYET2 AND F. JOURDAN3 
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Anomalous old Lu-Hf ages of meteorites are found in 
some meteorites that crystallized before 4.56 Ga. It was 
proposed that irradiation effects could produce 176Hf excesses 
[1], and alternative Lu-Hf parameters for the Solar System and 
present-day BSE were suggested [2]. These effects are 
nevertheless not observed in selected CAIs [3], the oldest 
solids that condensed within the protoplanetary disk, as well as 
in some internal isochrons of angrites [4]. Such irradiation 
process would thus have to be rapid (within a few Ma) or 
localized in some regions of the protoplanetary disk. 

We investigated the Sm-Nd and Lu-Hf isotopic 
compositions of several reduced enstatite chondrites and 
achondrites which, based on their O isotopic compositions, 
accreted within the Earth’s forming region of the 
protoplanetary disk. Although they appear unshocked and 
unbreciated, we also carried out the 40Ar/39Ar chronometry of 
these meteorites to constrain their thermal history.  

When taking all litterature Lu-Hf data on bulk chondrites 
[5-8], we find an apparent age of 4848 ±120 Ma and 
176Hf/177Hfi = 0.27962 ±8. When selecting only the types 1-3, 
we find 4636 ±150 Ma and 176Hf/177Hfi = 0.27975 ±10 
consistent with the value deduced from modern CHUR values 
[7]. Pristine type 3 EH & EL chondrites have Lu-Hf and Sm-
Nd averages comparable to CHUR values of [7], and corrected 
142Nd/144Ndi of –7 ±7ppm relative to terrestrial standard. Using 
the most fractionated basaltic meteorite Itqiy and E chondrites, 
we find a formation model Lu-Hf age of 4762 ±61 Ma and 
176Hf/177Hfi = 0.27967 ±7, and Sm-Nd apparent age of 4593 
±62 Ma with µ142Nd= 342 ±13ppm. Preliminary single-grain 
40Ar/39Ar data suggest a closure age >4.0 Ga for Itqiy. Our 
observations suggest that anomalous slopes and initial values 
for Lu-Hf bulk and internal isochrons are the consequence of 
secondary thermal processes. Additional results will be 
presented at the conference. AB acknowledges NSF award 
EAR-1119135. 

 
[1] Albarède et al (2006) GCA 70, 1261. [2] Bizzarro et al 
(2012) G-Cubed 13, Q03002. [3] Bouvier & Boyet (2013) Min. 
Mag. 77, 754. [4] Sanborn et al (2012) 43rd LPSC, 2039. [5] 
Bizzarro et al (2003) Nature 421, 931. [6] Patchett et al (2004) 
EPSL 222, 29. [7] Bouvier et al (2008) EPSL 273, 48. [8] 
Dauphas & Pourmand (2011) Nature 473, 489. 
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Lunar impact breccias record the bombardment history of 
the Moon’s surface. Recent findings of >4 Ga impact ages in 
Apollo 16 and 17 breccias [1-3] call into question whether the 
surface of the Moon was subjected to a spike in the impact rate 
(“lunar cataclysm”) at ~3.9 Ga. As an alternative, it is possible 
that there was a steady decline in the impact rate, such that the 
earliest impact melts did not survive [4]. Application of 
multiple radiochronometers with different closure 
temperatures, such as Ar-Ar, Pb-Pb, and U-Pb in various 
minerals, can provide better constraints on the lunar impact 
history.  

We investigated Apollo 16 and lunar meteorite impact melt 
and fragmental breccias to compare the impact records in 
different chemical groups of the central highlands as well as 
random sites sampled in feldspathic meteorite breccias. All of 
these breccias were either fully recrystallized or contain 
abundant impact melt with lithic clasts. We performed Pb-Pb 
dating (methods in [5]) of separated fragments of impact melt 
in MIL090034 and NWA6355, of bulk sample and/or mineral 
separates from crystalline breccias 65015, 62235, 67016 and 
Shişr 166, and of an individual clast from the polymict breccia 
67016. We find impact ages of ~4.19 Ga for feldspathic 67016, 
and 3.92-3.93 Ga for KREEP-rich 65015 and 62235. Pb-Pb 
ages of the studied meteorites are 3.57 Ga (Shisr 166), 3.86 Ga 
for MIL09, and 3.96 Ga (NWA6355). So far, there are no 
impact Ar-Ar and Pb-Pb ages in lunar meteorites older than 4 
Ga, and several younger events can be identified [6]. Ar-Ar 
ages of these breccias are, in all cases, younger than Pb-Pb 
ages [3]. These results indicate that Ar-Ar ages are susceptible 
to resetting by a subsequent strong impact shock event, while 
Pb-Pb and U-Pb in U-rich phases are disturbed to variable 
degrees. An early protracted period of high cratering flux that 
rapidly decayed with a half-life of 50-100 Ma, combined with 
a short period of cataclysm at ~3.9 Ga, could explain these 
impact records. 

 
[1] Grange et al (2011) GCA 75, 2213. [2] Fernandes et al 
(2013) MAPS 48, 241. [3] Norman & Nemchin (2014) EPSL 
388, 387. [4] Hartmann (2003) MAPS 38, 579. [5] Bouvier et 
al (2011) GCA 75, 5310. [6] Cohen (2008) Work. Early Sol. 
Syst. Impact Bomb., 27. 
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Apatite is a common resistate mineral occurring across a 

range of host-rocks and alteration assemblages. Study of 
several porphyry copper deposits in British Columbia indicates 
that the unique physical and compositional characteristics of 
apatite can be used as marker to evaluate chemical condition of 
rock formation or associated hydrothermal alteration. Apatite 
under visible light and SEM shows no notable differences 
between fresh and altered varieties but cathodoluminescence 
reveals significant differences. Apatite in fresh rocks displays 
yellow, yellow-brown and brown luminescence, whereas in K-
silicate altered rock displays characteristic green luminescence. 
The green-luminescent apatite replaces yellow or brown-
luminescent apatite and locally overgrows it. Apatite occuring 
with muscovite alteration displays characteristic grey 
luminescence. 

The chemistry of apatite from electron microprobe and 
laser ICP-MS analyses reflects its alteration and luminescence. 
The yellow-luminescent apatite has high concentrations of Mn 
(0.3-0.5%) and high Mn:Fe (>1), while the brown-luminescent 
apatite has low Mn, but higher concentrations of Cl, S and 
REE. The green luminescence is caused by lower Mn:Fe ratio 
(ca. 1). Other trace elements such as Cl, S, and Na were also 
depleted during K-silicate alteration. Grey-luminescent apatite 
occuring with muscovite alteration results from significant Mn 
and trace element loss (Mn:Fe of <0.3) during low pH phyllic 
alteration in calc-alkalic porphyry deposits. 

The correlation between apatite texture, luminescence and 
composition with the degree and intensity of porphyry 
alteration offers a fast and effective method to utilize it as 
indicator for porphyry mineralization in glacial, fluvial and 
regolith terrains. These findings indicate that knowledge from 
apatite and other porphyry indicator minerals can be more fully 
developed to understand the link between ore deposits and 
sedimentary cover and to improve exploration decision-making 
similar to the contributions that accessory minerals and G10 
garnets made to diamond exploration. 
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The Tuareg Shield, NW Africa, consists of oceanic 

terranes interlayered with Palæoproterozoic and Archæan 
basement. It was thrust westwards during the Pan African 
orogeny over the eastern margin of the West African craton, 
and eastwards over the LATEA metacraton in central Hoggar. 

The LATEA metacraton represents parts of a deformed 
passive margin in Central Hoggar consisting of Archæan, 
Palæoproterozoic and Neoproterozoic assemblages. High-level 
post-collisional intrusions of Early Ediacaran layered troctolite 
(631 Ma, εHf -5.55 to -4.99) and norite in the Laouni terrane 
are contemporaneous with a monzogranite (637-594 Ma) 
exhibiting a crustal signature (εHf -14.52 to -6,45); all are 
emplaced into a 2087 Ma migmatitic granite-gneiss basement 
(εHf -2.09 to +1.66). The Palæoproterozoic granite derived 
from Late Archæan sources (TDMc 2.68 Ga).  

Late Ediacaran granitic ring complexes ranging in 
composition from high-K calc-alkaline to alkaline are 
collectively referred to as Silet Tourirts. The Late Ediacaran 
monzogranites (483-537 Ma) have εHf values (-6.27 to +0.25) 
suggesting a depleted mid-Mesoproterozoic mantle source 
(TDMc =1.60 Ga) with a less sigificant crustal component 
compared with the Early Ediacaran granites in the Laouni 
terrane. The Iskel alkaline granites (496-596 Ma) show more 
juvenile signatures (εHf +5.5 to +11.9; +2.58 to +7.52; TDMc = 
1.24Ga) possibly related to the influence of their rapid passage 
through a megashear zone.  

Thus the key feature of final Gondwanan assembly in the 
Tuareg Shield is the juvenile alkalinity of the Late Ediacaran 
granite suites due to linear lithospheric delamination along 
megashear zones. Monzogranites represent contamination by 
the crust of alkaline granite magma derived more directly from 
the mantle.  
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Many abandoned mine sites are characterised by elevated 
concentrations of arsenic which can cause contamination of 
surrounding soil and water resources. Often these sites have 
important historical and cultural value that requires access to 
be maintained, despite the potential toxicity of arsenic. The 
assessment of arsenic bioavailability is often confused with 
general environmental tests that do not compare the same 
conditions.  

At two historic mines, one in Cornwall and the other in the 
Comstock in Nevada a series of geochemical and 
bioavailability tests have been undertaken on different types of 
arsenic bearing waste. The purpose was to compare typical 
regulatory environmental assessment tests to Physiologically 
Based Extraction Tests (PBET). 

The results show that for different types of mine waste, 
different approaches are acceptable. Where arsenic is in a 
highly soluble form, then all tests show comparatively similar 
results. Where stable secondary arsenic phases are present or 
arsenic is dominantly held in sulfide minerals then the 
environmental leach tests tend to underestimate arsenic 
concentrations compared to PBET results. The main factor in 
this is the slow dissolution of the more stable arsenic minerals 
in the environmental leach tests. A solution to this, would be to 
supplement environmental leach testwork with mineralogy of 
mineral speciation analysis, such as selective extraction 
procedures and then use this data to modify leach results 
accordingly. 

The development of PBET tests for arsenic bioavailability 
provides useful insight into potential toxicity related to 
accidental digestion of arsenic bearing mine waste and in terms 
of human health issues probably a more pertinent 
determination than more traditional regulatory environmental 
leach tests. 
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Natural organic matter (NOM) is known to play important 

roles in metal ion sorption and transport, and NOM is often 
found associated with minerals in the soils, oil shales, and 
suspended colloids in natural waters. However, the impact of 
NOM on the interfacial dynamics of ions and H2O in hydrated 
mineral systems (particularly smectites and other 
phyllosilicates) has yet to be explored in great detail and is 
essential to understand a variety of issues in geochemistry and 
energy science. In this work, we present variable temperature 
43Ca and 23Na solid-state nuclear magnetic resonance (NMR) 
results that provide unique insight into the types of cation 
binding environments and molecular-scale dynamics in 
Suwannee River NOM-hectorite (a smectite clay) composites. 
Our data from composites equilibrated at two different H2O 
activities show that the 43Ca NMR signal is more like that of 
the base Ca-hectorite than Ca2+ bound in aggregated NOM 
despite evidence of significant Ca2+ association with the OM. 
The data also show that the presence of OM broadens the 43Ca 
resonances at all temperatures compared to the base Ca-
hectorite, shifts the resonance frequency to more negative 
values, and leads to line narrowing between 198 K and 173 K 
not observed when OM is absent, yet the Ca2+ dynamics appear 
to be dominated by fast motion effects. The specific NOM 
fraction (humic acid, fulvic acid, etc.) has little influence on 
the Ca2+ behavior. Na+ in Na-hectorite-OM systems generally 
yields interlayer peaks with kHz-scale dynamics and sharp 
peaks for H2O-accessible Na+ with MHz-scale dynamic 
averaging. Sites appear similar to the base Na-hectorite, but the 
dynamic rates are changed when OM is present. Residual Na+ 
in the Ca-hectorite-OM composites shows either unique 
dynamics or selective retention of a specific Na+ population 
during Ca2+ ion exchange/NOM intercalation. We conclude 
that Ca2+ and Na+ binding structures and dynamics at hydrated 
smectite interfaces are affected by the inclusion of NOM, 
which may have significant consequences for predicting the 
fate and transport of metal contaminants in soils. 
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Clay minerals are common constituents of rocks in 

potential geological CO2 repositories, however, very few 
studies examine the role that natural organic matter in these 
rocks plays in controlling the structure and dynamics of 
cations, organic matter, CO2 and water. We report the results 
of novel 13C and 23Na solid-state NMR studies performed in 
situ at 50°C and 90 bars examining the effects of scCO2 and 
natural organic matter (NOM) on the binding and dynamics of 
CO2 and Na+ in Na-hectorite (a smectite clay) and a Na-
hectorite-Suwannee River humic acid (HA) composite. We 
observe broadening of the 13C NMR resonance for CO2 in the 
composites with respect to pure scCO2 indicating association 
of CO2 with the solid phase that increases when HA is present. 
No NMR evidence of scCO2 reacting to form carbonate species 
or new mineral phases is observed. We also observe changes in 
the 23Na line-width, position, and intensity when scCO2 is 
present and that the effects of scCO2 on the 23Na resonances 
are significantly more pronounced in the HA-composite. 
Combined with 23Na relaxation data for these systems that 
show one of two unique dynamic domains is affected by the 
presence of OM and of scCO2, our results suggest that NOM 
may promote incorporation of CO2 into the interlayer galleries 
or increase its association with the exterior surface, and that 
scCO2 stimulates more rapid Na+ motion and the sampling of 
additional Na+ structural environments. These results are 
consistent with published computational modeling and 
experimental studies of clay-polymer systems and suggest that 
in situ NMR methods hold great promise for probing the 
behavior of metal ions, CO2 and water in storage reservoirs. 
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Lunar apatites are far too H-rich for their volatile-depleted 

hist rocks. Several hypotheses have been invoked to explain 
this paradox: One is that the Moon is far more H-rich than 
would be indicated by depletion of other moderately to highly 
volatile elements. However, it is also possible that the H 
content of apatite (Hap) is not a suitable proxy for the H content 
of melt (Hmelt), or is poorly understood. 

It has been argued that the partitioning of H, Cl, and F 
between apatite and melt can be adequately described by 
independent linear (“Henry’s Law”) partitioning relationships. 
However, this model is only appropriate for one element if the 
others are invariant in the melt.  

A more general formulation considers the H-F-Cl 
exchange reactions between apatite and melt, andequilibrium 
constants like KF-H = (Fmelt/Fap)/(Hmelt/Hap). Thus, the H content 
of apatite in equilibrium with melt will depend on KF-H, Fmelt, 
and Hmelt. At equilibrium, low Fmelt can lead to high Hap, and 
estimates of Hmelt that are higher than the Hmelt implied by 
Henry Law models. 

 Heterogeneous apatites [1, 2] and populations of 
apatites from single samples [2] indicate that apatites are not 
universally in equilibrium (i.e., substantial variation in 
F:Cl:OH is observed). These variations have been interpreted 
to be the result of competing processes of fractional 
crystallization (FC) and degassing. However, FC of nominally 
anhydrous minerals does not result in significant changes to 
H:F:Cl. Adding apatite to the FC assemblage results in bulk 
compatibility of F. This sequesters F in early growing apatite, 
resulting in melts with high H/F and Cl/F. Apatites growing 
late will have elevated H and Cl, and if P/F ratios are high 
enough, Cl can be consumed leaving only H to make apatite. 
There are several testable predictions of this model that appear 
to have been confirmed.  
 
[1] McCubbin, F.M., et al 2010, Proceedings of the National 
Academy of Sciences, 107, 11223-11228 [2] Greenwood, J.P., 
et al 2011, Nature Geoscience, 4, 79-82  
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There are several ways to parameterize the relationship 

between the H content of a mineral and the H content of a 
melt. For many phases, “Henry’s Law” partitioning (controlled 
by a constant DH) is adequate, as the incorporation of H into 
the crystal is mainly a function of the H content of the magma. 
More complex versions of this model (e.g. where DH is a 
function of the major or minor element composition of the 
crystal) also exist, and describe many systems adequately. 

It does not appear that apatite is one such system. 
Incorporation of H into apatite is as an essential structural 
constituent (as OH-), and as such is controlled in part by 
stoichiometry. Fluorine, Cl, and OH all reside on the same site 
in the lattice, and are therefore in competition for space in the 
crystal. Assuming stoichiometric totals [1], this means that the 
abundance of any of these elements is inexorably linked to the 
others, and none can be treated as Henrian unless the 
abundances of the others in the melt are invariant. 

Because of this, we instead suggest that we model the 
incorporation of H into apatite using another simple 
relationship. For the system F and H, we can write an equation: 
Hmelt + Fap  Hap + Fmelt, and from this a relationship for the 
equilibrium constant for that reaction. If we are interested in 
Hmelt, we can write two nearly independent, equally valid 
equations (one for H-F exchange, one for H-Cl exchange). 
These are the basis of the equilibrium exchange model. Given 
the H, F, and Cl content of an apatite, it should be possible to 
predict the H, F, and Cl content of the melt with one more 
piece of information: either the H, F, or Cl content of the melt. 
That is, we can have the other two Xmelt if we know one Xmelt. 
But without that extra information, we cannot perform magma 
hygrometry etc. using apatite. In this poster we will compare 
and contrast the Henrian and equilibrium exchange models, 
provide tests of the models, and suggest avenues for further 
research. 

 
[1] Boyce, J.W., J.M. Eiler, and M.C. Channon, 2012, Am. 
Min., 97, 1116-1128  
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Human exposure to arsenic through rice consumption is an 

increasing health concern. High sulfur paddy soils may 
decrease total uptake and grain concentration of As in rice, but 
a mechanistic understanding of the inhibition process is 
lacking. Here we disentangle the fate-controlling processes of 
sulfur that affect As within the rice rhizosphere in order to 
determine their relative importance on As uptake. We use a 
multiple scale approach, combining plant-soil system 
experiments and bulk analyses with micro-scale observations 
and single component tests. Within a pot trial using As-
containing Cambodian Ultisol, we examined the effect of 
gypsum addition and the following organic amendments on 
arsenic uptake: rice husks (charred or dried), rice straw 
(charred or dried) or cattle manure. We monitored pore water 
chemistry through extraction with rhizosamplers and analyzed 
total As uptake in different parts of the rice plant. In addition, 
we studied bulk As, Fe and S speciation in the soils before and 
after the experiment and mapped As and S speciation in the 
intact rhizosphere of selected roots. Differences in treatment 
effects between the soils occurred, with addition of organic 
matter increasing dissolved As concentrations in all cases 
except for charred straw in one soil. Gypsum addition only 
decreased As mobility in one soil, suggesting that the sulfur 
control on As uptake in rice is non-universal. 
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In the Lunar Magma Ocean model (LMO), ferroan 

anorthosites (FANs) are thought to represent the first crust 
formed by plagioclase flotation during LMO crystallization 
(e.g. Wood et al., 1970). We have measured 146,147Sm-
142,143Nd systematics in FAN whole rocks (15415, 62236, 
62255, 65315, 60025). Most of these samples, except 62236, 
have not been exposed to galactic comic rays for a long period 
and thus require minimal correction to their 142Nd isotope 
composition. These samples do not define a single isochron in 
either 146Sm-142Nd or 147Sm-143Nd systematics, suggesting 
that they have different crystallization ages, come from 
different sources, or have suffered isotopic disturbance. All 
FANs have measured deficits in 142Nd relative to the JNdi-
1terrestrial standard in the range -45 to -16 ppm. We explore 
the implications of their initial isotopic compositions for 
possible crystallisation ages in the range of 50-300 Ma after 
solar system formation, an interval covering all the ages 
determined for FANs as well as different estimates for the 
crystallization of the LMO. The range in initial isotopic 
compositions at any given age suggest that most FANs are not 
a primary product of the LMO, but were formed by a more 
complicated and prolonged petrogenetic mechanism. 62255 
has the largest deficit in 142Nd and does not appear to have 
followed the same differentiation path as the other FANs. The 
large deficit in 142Nd of FAN 62255 may suggest a 
crystallization age around 60-100 Ma after solar system 
formation. If the Sm-Nd systematics for this sample have not 
been significantly disturbed, this sample could be the only 
FAN studied here that might have formed by plagioclase 
flotation during the crystallization of the lunar magma ocean.  

 
[1] Wood et al Lunar anorthosites and a geophysical model of 
the Moon. Proc. Apollo 11 Lunar Sci. Conf. 1, 965-988 
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Although I have worked on many problems over the years, 
in the spirit of “what have you done for us lately?” I will talk 
about our work on the International GEOTRACES project, 
which has taken up the biggest chunk of my time during the 
past 10 years as a part of the national and international project 
leadership and through fieldwork and lab efforts. Many people 
around the world have contributed to GEOTRACES and I 
thank them all for their contributions which multiply all of our 
efforts. In another talk, Jessica Fitzsimmons will talk about our 
lab’s work on iron in the ocean, so in this talk I will focus on 
our work on Pb and Pb isotopes in the global ocean. 
Anthropogenic Pb emissions from high temperature industrial 
activities and alkyl lead gasoline consumption during the past 
200 years make the study of Pb in the ocean one of the great 
inadvertent tracer experiments where we can see sources rise 
and fall and new ones replace them. The radiogenic character 
of lead imprints different Pb sources with three distinct isotope 
ratios. In some cases, sources are sufficiently temporally or 
spatially isotopically distinct that we can tell where lead in a 
portion of the ocean came from, and sometimes even when it 
sank from the surface into the depths. In this presentation, I 
will present data on Pb and Pb isotopes from ~1500 
measurements on seawater, coral, and marine sediment 
samples collected within the past decade in collaboration with 
my couthors. This data comes from samples from most of the 
major ocean basins: North and South Atlantic Ocean, North 
and South Pacific Ocean, Indian, and Southern Oceans. We 
will show how the surface and deep water masses of the ocean 
are imprinted by their regional anthropogenic signatures and 
how these have evolved in time over the anthropogenic era. 
Regional and temporal differences in Pb isotope ratios allow us 
to evaluate sources and timing (e.g., how long did it take Pb to 
get from the surface of the northern North Atlantic to the 
bottom waters of the Eastern Atlantic and South Atlantic?). 



 Goldschmidt2014 Abstracts  

 

264 

264 

Trace element characteristics of 
deformed and undeformed olivine 

from Kilauea Iki 
RICHARD W. BRADSHAW1*, ADAM J. R. KENT1  

AND PHILIPP RUPRECHT2 
1Oregon State University, Corvallis, OR 97330, USA 

(*Correspondence: bradshar@geo.oregonstate.edu) 
2LDEO of Columbia University, Palisades, NY, USA 
 

As the first silicic phase to crystallize in most mafic 
magmas, olivine may provide information about early 
magmatic processes. However, fast diffusion rates of divalent 
cations also means that olivines compositions may rapidly re-
equilibrate, and as a result major and minor elements may not 
retain information about possible different olivine origins 
(phenocryst, antecryst, xenocryst). We present trace element 
and textural data from olivine-rich magmas from the 1959 
Kilauea Iki eruption as an alternative approach to distinguish 
different olivine populations. Kilauea Iki picrites, like many 
other olivine-rich magmas from oceanic magmatic systems 
contain both deformed (with kinkbands, undulose extinction or 
subgrains) and undeformed olivine grains [1]. A common 
interpretation is that deformed olivine is plastically deformed 
during storage in dunite cumulate piles. However, this 
interpretation has recently been challenged [2,3] suggesting 
instead formation from collisions or via differences in growth 
rates.  

EMP (spot analyses and compositional mapping) and LA-
ICP-MS data on deformed and non-deformed olivine 
populations show subtle but consistent differences in trace 
element chemistry between these two textural groups. In 
particular Kilauea Iki olivine grains document higher Al, Ti, V, 
Cr, and Ni and lower Ca and P contents on average (Student’s 
T-test P<0.001 for each element) in deformed grains versus 
undeformed grains. This is the first time to our knowledge that 
deformed olivine have been shown to have consistently 
different chemical compositions, and suggests that the different 
textural types of olivine derive from distinct chemical 
reservoirs. In turn this is consistent with picritic magmas being 
assembled by mixing of diverse liquid and olivine populations.  

 
[1] Claque & Denlinger (1994) Bull. Volcanol. 56, 425–434 [2] 
Welsch et al (2013) J. Petrology 54, 539–574 [3] Natland 
(2003) J. Petrology 44, 421–456  
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Since Lowenstam (1961)3 paper, it has been generally 
inferred that brachiopods incorporate δ13C into shell calcite in 
equilibrium with ambient seawater δ13CDIC. But this hypothesis 
- speculation has remained largely untested. A few recent 
studies provide results with different outcomes, but generally, 
they are in favour of equilibrium incorporation of δ13C into 
secondary and tertiary layer shell calcite.  

We are presenting carbon isotope results of a systematic 
study of modern shallow-water brachiopods from the poles to 
the equator ranging from the intertidal zone down to a depth of 
~ 200 m. 417 brachiopod specimens from 16 localities, 
supplemented by material from other authors, form the 
database for our evaluation. Our database represents 30 species 
from 24 sublocalities and of several age groups (group 1 – 
collected in the past 20 years, and group 2 – collected 40 years 
or more ago). Seawater was collected at these localities and 
tested for temperature, salinity, trace chemistry, and for δ18O 
and δ13CDIC. The study by Brand et al1 demonstrated that 
brachiopods incorporate δ18O in equilibrium, and this one 
represents the second installment of our investigation into the 
incorporation of elements and isotopes into brachiopod shell 
calcite.  

Using well established calcite-bicarbonate enrichment 
factors for 13C (εcalcite-HCO3- = 0.1 to 2.6 ‰), their ambient 
seawater δ13CDIC and shell δ13C compositions, we can conclude 
that brachiopods, as a group, incorporate carbon isotopes in 
equilibrium into secondary and tertiary layer shell calcite. This 
confirmation applies only to their secondary and tertiary layer 
calcite, but not to their primary layer calcite nor to other shell 
parts2. Also, group 2 brachiopods support the 13C-Suess effect 
on brachiopod-shell δ13C compositions. Our results confirm the 
importance of brachiopods as archives and proxies for 
paleooceanography and paleoclimatology. 
 
[1] Brand, U. et al 2013. Oxygen isotopes and MgCO3 in 
brachiopod calcite and a new paleotemperature equation. 
Chem. Geol. 359, 23-31 [2] Carpenter, S.J. &Lohmann, K.C. 
1995. d18O and d13C values of modern brachiopod shells. 
G.C.A. 59, 3749-3764 [3] Lowenstam, H. 1961. O18/16O 
ratios, and strontium and magnesium contents of recent and 
fossil brachiopods and their bearing on the history of the 
oceans. J. Geol. 69, 241-260 



 Goldschmidt2014 Abstracts  

 

266 

266 

Carbon cycling in a well-constrained 
southeastern US salt marsh 

J. A. BRANDES1*, C. R. EDWARDS1, A. STUBBINS1, 
C. Y. ROBERTSON1, T. BITTAR1 AND W. B. SAVIDGE1 

1Skidaway Institute of Oceanography, The University of 
Georgia Athens, Savannah, GA 31406 
(*correspondence:jay.brandes@skio.uga.edu) 

 
Salt marshes form an important filter between terrestrial 

and marine environments along much of the temperate eastern 
US. Such marshes exhibit highly complex interactions between 
tides, insolation, temperature, rainfall, and biology. Unraveling 
these interactions is critical to understanding how marshes 
function in the local and global carbon cycle. The Groves 
Creek salt marsh, near Savannah, GA, has been instrumented 
to continuously measure physical, optical, and chemical 
properties. Additional discrete measurements were collected 
for chemical, stable isotopic, and microbiological analyses. 
Together with previous work mapping the topography of the 
study site to within ~2 cm, and a Delft 3-D hydrodynamic 
model, the influence of residence time under different 
environmental conditions upon carbon composition and fluxes 
can be examined.  

Early results indicate that summertime rainstorms in 2013 
strongly affected the carbon composition within marsh waters 
and, more subtly, the quality of organic carbon exported by the 
marsh. Respired organic carbon, represented by low δ13C-DIC 
values, remained high well after water column bacterial and 
phytoplankton levels declined, suggesting a switch between 
dominant processes effecting marsh C outflow. The influence 
of the 2014 ‘polar vortex’ cold events on carbon export will 
also be discussed.  
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The δ34S ratios in arc lavas range from ~0 to +10 ‰ 

(relative to Canyon Diablo Troilite) [1,2]. In contrast, mid-
ocean ridge basalts (MORB) have δ34S ratios plot in a more 
restricted range from -2 to 0 ‰ [3]. These differences between 
arc lavas and MORB may be the result of heavy sulfur dervied 
from seawater in subducted sediments cycling through the 
mantle wedge and manifested into arc magmas. Equally 
possible is that the heavy sulfur in arc lavas may result from 
crustal or surface sulfate contamination.  

To examine this issue, bulk rock (via GSMS) and 
individual sulfides (via SIMS) in subcontinental mantle 
peridotite xenoliths from Dish Hill California, Kilbourne Hole 
New Mexico, Simcoe Washington, and Ichinomegata Japan 
were anaylzed for their sulfur isotope compositions. The 
Simcoe and Ichinomegata xenoliths have radiogenic 
187Os/188Os isotopic compositions consistent with slab-derived 
Os that is presumably contained within their sulfides [4,5], 
whereas Dish Hill and Kilbourne Hole peridotites do not. The 
Dish Hill and Kilbourne Hole bulk rock acid volatile fractions 
and individual sulfides have δ34S ranging -5 to +1 ‰ and -3 to 
+1 ‰, respectively, typical for subcontinental mantle 
peridotite elsewhere [6], and MORB. The δ34S for 
Ichinomegata and Simcoe individual sulfides are on average 
systematically heavier ranging from -0.5 to +3 ‰. The bulk 
rock and bulk rock sulfate for all of the locales range from δ34S 
of –2.3 to +11 ‰. The δ34S individual sulfides from 
Ichinomegata and Simcoe are coinsistent with a scenario of 
metasomatism via slab derived components and confirm the 
mobility of sulfur during slab dehydration and melting. The 
bulk rock sulfate data have δ34S typical of bulk rock data 
previously reported for peridotites and likely show a pervasive 
effect of surface alteration of the xenoliths. 
 
[1] Alt et al (1993), EPSL 119, 477-494 [2] deHoog et al 
(2001) EPSL 189, 237-252 [3] Labidi et al (2012), Chem. 
Geol. 335, 189-198 [4] Brandon et al (l996), Science 272, 861-
864 [5] Brandon et al (1999), Chem. Geol. 160, 387-407 [6] 
Chaussidon and Lorand (1990), GCA 54, 2835-2846 



 Goldschmidt2014 Abstracts  

 

268 

268 

Ostracod Trace Element Proxies: 
More Complexity, Less Certainty 

OSCAR BRANSON1, SIMON REDFERN1, SERGIO MOLINA2, 
AURORA ELMORE3 ANDHENRY ELDERFIELD1 

1Department of Earth Sciences, University of Cambridge 
2BESSY II, Helmholtz, Berlin 
3Department of Geography, Durham University 
 

Ostracods are a prominent source of freshwater [1,2] and 
marine [3] palaeoproxies. The Mg/Ca and Sr/Ca ratios of their 
‘calcitic’ carapace are used as proxies for salinity and 
temperature. Recently, a number of uncertainties have been 
raised regarding several aspects of our understanding of these 
proxies: the hydrological processes ostracods are used to 
reconstruct, the biology of the ostracoda [4], and the effect of 
carbonate ion concentration on trace elements [5,6]. 

We focus on the biological complexity of ostracods, which 
has the potential to confound the interpretation of their trace 
elements. Ostracods are crustaceans, and are thus more 
biologically complex than the ‘workhorse’ of the palaeoproxy 
community: foraminifera. Particularly, the ostracod carapace is 
a complex, organo-mineral structure [7], which has been 
shown to contain amorphous calcium carbonate (rather than 
calcite) in other crustaceans [8]. We address a fundamental 
aspect of trace element incorporation in ostracods: the internal 
distribution, and elemental coordination of Mg, Na, S and Fe 
in the carapace. 

We use Photo Emission Electron Microscopy (PEEM) to 
probe the distribution and coordination of trace elements in a 
Krithe ostracod carapace. This synchrotron X-ray spectroscopy 
technique allows the nano-scale analysis of specific elements 
within a structure, by targeting the binding energies of 
particular electron levels in the atom of interest. Although 
primarily designed for application in the materials and 
magentic sciences, we were able to adapt the technique to 
investigating carbonate biominerals, and demonstrate its 
potential in the field of palaeoproxy research. 

This novel approach reveals a previously unobserved 
complexity in the incorporation of trace elements in the 
ostracod carapace, with significant implcations for the 
interpretation of ostracod palaeoproxies. 

 
[1] Chivas et al (1985) Nature 316, 251–253 [2] Chivas et al 
(1986) Palaeogeog, Palaeoclim, Palaeoecol 54, 43–61 [3] de 
Dekker et al (1988) Palaeogeog, Palaeoclim, Palaeoecol 66, 
231–241 [4] Ito et al (2008) Hydrobiologia 620, 1-15 [5] 
Elmore et al (2012) G3 13, Q09003; [6] Farmer et al (2012) 
Paleoceanography 27,02305; [7] Turpen & Angell (1971) Biol 
Bull 140, 331–338 [8] Raz et al (2002) Biol Bull 203, 269-274 
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Weathering is both an acid-base and a redox reaction in 

which rocks are titrated by meteoric carbon dioxide (CO2) and 
oxygen (O2). These reactions are catalyzed by biota to 
disaggregate rock into regolith –	  the fractured or granular earth 
material that sustains life on the continental land surface. We 
seek to understand what controls the depth of regolith formed 
on ridges. For example, we thought that the regolith on a 
diabase ridge would be thicker than on a granite ridge because 
the feldspar in the diabase weathers faster than its granitic 
counterpart. However, in the stable Virginia Piedmont where 
erosion rates of adjacent ridges are similar, we discovered that 
weathering advanced 20m	  deeper into a granite ridge than on a 
nearby diabase ridge. The 20 m-thicker regolith is attributed 
mainly to connected micron-sized pores, microfractures 
formed around oxidizing biotite at 20m depth, and the lower 
iron (Fe) content in the felsic rock. Such porosity allows 
pervasive advection and deep oxidation in the granite. These 
observations may explain why regolith worldwide is thicker on 
felsic compared to mafic rock under similar conditions. The 
importance of deep oxidation in controlling regolith thickness 
is also documented in deep shale regolith in Pennsylvania and 
quartz diorite in Puerto Rico. To develop quantitative models 
of regolith formation will require better understanding of such 
deep oxidation and dissolution reactions and how they impact 
porosity and fluid flow during weathering.  
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REE, U and Th are often found as major elements in the 

same accessory minerals and secondary phases, both at whole 
rock and regolith scale. The importance of these phases on 
biogeochemical budgets is often ignored because of their 
relatively low abundance of ≤2% by volume. The mobilization, 
redistribution and fractionation of REE, U and Th during 
weathering processes have been investigated in the 
heterogeneous parent gneiss and soils of the Mule Hole small 
experimental watershed, South India. 

The REE-U-Th mineralogy has been studied by coupling 
SEM-EDX, EPMA and LA-ICPMS analyses. The elemental 
concentrations have been measured by ICPMS in rocks, 
regolith, plants and water reservoirs (rainfall, throughfall, 
overland flow water, pore water, groundwater, stream water). 
Leaching experiments have been carried out on both fresh 
gneiss and soil samples to ascertain the kinetics of the 
elemental sources. 

For REE-U-Th, monazite, allanite, baestnesite, xenotime 
are major bearing minerals and apatite and titanite are minor 
phases. Low temperature hydrothermal processes have a strong 
influence on the replacement of monazite and allanite in the 
fresh rock. Monazite and xenotime, identified in the stream 
sediments, are more resistant to weathering. Allanite, 
baesnesite, apatite and titanite are completely broken down in 
the early stages of weathering. Brockite and thorite have been 
were identified as secondary weathering phases of monazite. 
The initial mineralogical distribution in bed rock has a 
significant incidence of the REE, Th and U mobility at the 
watershed scale.  

Hydrological model-based approach permits to estimate 
the elemental fluxes cycled through the vegetation and regolith 
of REE, U and Th. Vegetation has a significant effect on the 
tranfer of easily available REE in soils. 
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The climate in South Africa shows large variations 

stemming from its location at the intersection of sub-tropical 
and temperate climatic regions. During summer, tropical 
easterly trade winds bring rainfall from the Agulhas Current 
region to the east coast, whereas in winter temperate westerlies 
bring frequent rainfall to the south west. The central south 
coast receives rainfall throughout the year from both systems. 
The different rainfall sources are manifested by seasonal 
changes in rainfall amounts and isotopic composition.  

Air temperature, sea surface temperature (SST), rainfall 
amount and its isotopic compositional variations are recorded 
in speleothem δ18O and δ13C values. C4 grasses dominate the 
summer rainfall region, while C3 grasses are more common in 
the winter rainfall region. The δ18O and δ13C records of 
speleothems from Pinnacle Point [1] on the South African 
south coast cover the interval between 330 and 41 ka with 
several short hiatuses. The speleothem records show good 
compatibility with SST from the western slope of the Agulhas 
Bank [2]. This compatibility reflects both local oceanic 
conditions and a distal contribution from the Agulhas Current 
further east along the South African coast [3]. A strong 
correlation with the speleothem δ13C record suggests that the 
vegetation distribution is strongly influenced by the conditions 
in the Agulhas Current region. Changes in rainfall distribution 
and between dense C3 bushland and grasses of the western 
cape flora and open C4 grassland of the summer rainfall region 
were of major importance for the diet of modern humans as 
well as the source materials and types of tools they used. 
 
[1] Bar-Matthews et al (2010) QSR 29. 2131 - 2145 [2] Peeters 
et al (2013). Ocean GATEWAYS Past and Present - 
Significance for Ocean Circulation and Terrestrial Climates, 
[1] Jerusalem, Israel. Abstract. [3] Simon et al (2013). EPSL 
383. 101-112 



 Goldschmidt2014 Abstracts  

 

272 

272 

Beaker to Boreal: linking mineral 
dissolution to fungal bio-weathering 

ANDREW W. BRAY1,2*, STEEVE BONNEVILLE1,3 
ERIC H. OELKERS2,4 AND LIANE G. BENNING1 

1Cohen Geochemistry, School of Earth & Environment, 
University of Leeds, LS2 9JT, UK  
(*correspondence: a.bray@see.leeds.ac.uk) 

2Géochimie et Biogéochimie Experimentale, GET CNRS, 
UMR 5563, 31400 Toulouse, France 

3Faculté des Sciences, DSTE, Université Libre de Bruxelles, 
1050 Brussels, Belgium 

4Dept. of Earth Sciences, University College London, WC1E 
6BT, UK 

 
Multiple studies have reported large discrepancies between 

experimental, laboratory derived, weathering rates, and those 
measured in the field [1]. Much of the difference is due to 
physical, chemical, biological or temporal effects. Here we 
present a series of experiments linking mineral surface 
properties, element release in the presence and absence of 
organic ligands, and complex plant-fungi symbiosis driven 
weathering. We refine our understanding of fungal mineral 
weathering [2] by quantifying these processes in systems 
where biotite is the sole nutrient source. We measured the 
properties of biotite and its dissolution in complex fluids, and 
evaluated fungal growth rates and growth modes over its 
surface. 

The chemical characteristics of the biotite surface in 
contact with fluids (pH 1–12), determined through 
potentiometric titration and electrokinetic measurements, [3] 
indicate the formation of a dissolution front in the acidic and 
neutral regions after 20 minutes. Longer timescale, closed– and 
open–system, dissolution experiments (pH 2-6) revealed the 
progression of this dissolution front to be both diffusion and 
surface reaction controlled. Microbially secreted organic 
ligands, when present, likely enhance nutrient release through 
chelation, rather than through surface complex formation. 

Finally, the growth rates and modes of the ectomycorrhizal 
Paxillus involutus, in symbiosis with Pinus sylvestris, growing 
over the biotite flake surface were measured in situ by time 
resolved light microscopy and characterized by synchrotron-
based µ-FTIR. These results allowed us to refine our previous 
calculations of fungal mineral weathering rates [2], and 
provided us with a greater understanding of a significant 
portion of bio-weathering in natural settings, such as the 
Boreal forest. 

 
[1] Brantley et al (2011) Geobiology. 9, 140-165 [2] 
Bonneville et al (2011) GCA. 75, 6988-7005 [3] Bray et al 
(2014) GCA. 128, 58-70 
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A decline in the concentration of atmospheric CO2 is 

hypothesized to have driven cooling, Antarctic ice sheet 
growth and the global expansion of C4 vegetation during the 
late Miocne. However, existing records conflict on the 
direction of CO2 change from the middle-to-late Miocene. We 
report a paleosol carbonate-based atmospheric CO2 record 
showing pronounced CO2 decrease from 17-8 Ma, supporting 
the interpretation that late Miocene paleoenvironmental change 
was triggered, or at least accommodated, by CO2 decrease.  

Carbonate nodules were sampled from the paleosols 
preserved in the fluvio-lacustrine depositional sequences of the 
Tianshui Basin, Gansu, China, which have a deposit age of 17-
6 Ma based on magnetostratigraphy. These paleosols are 
characterized by 0.5-2m thick Bk horizons bearing carbonate 
nodules and/or rhizoliths and, near the bottom of the section, 
well-preserved roots up to 0.5 cm in diameter. We measured 
the δ13C values of carbonate nodules collected > 20 cm below 
the top of Bk horizons. We also measured δ13C values of 
organic matter occluded in carbonates.  

The δ13C values of paleosol carbonate nodules decrease 
from -4.0 ± 0.2 ‰ (1σ, n=3) at 16.5-17 Ma to -8‰ at 8 Ma 
whereas the δ13C values of occluded organic matter average -
25.5 ± 0.5 ‰ (1σ, n= 8) with no trend. Assuming the calcium 
carbonates formed at 25°C and using contemporaneous δ13C 
values of atmospheric CO2 from [1], calculated values of R = 
(δ13Cs – 1.0044(δ13Cr) - 4.4 )/(δ13Ca-δ13Cs) [2] decrease by 3 
fold from 17 to 8 Ma. Using a distribution of S(z) values (soil-
respired CO2 concentrations [2]) determined from modern 
Aridisols [3,4], our best values suggest atmopsheric CO2 
decreased from 600 to 200 ppmV from 17 to 8 Ma. 
Consideration of uncertainties on each CO2 determination 
results in 88% probability of CO2 decrease across the interval. 

 
[1] Tipple et al (2010) Paleoceanography 25, PA3202. [2] 
Cerling (1991) AJS 291, 377-400 [3] Moñtanez (2013) GCA 
101, 57-75 [4] Breecker (2013) Geochem Geophys Geosys 14, 
3210-3220 
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NIRAS/ONDRAF, the Belgian Agency for Radioactive 

Waste and Enriched Fissile Materials, is currently preparing 
the construction and operation of a surface disposal facility for 
short-lived, low- and intermediate-level radioactive waste 
(category A waste) in the municipality of Dessel (the cAt 
project). In 2011, the safety report, illustrating that surface 
disposal of such type of waste was feasible and safe, was peer 
reviewed under the auspices of the OECD Nuclear Energy 
Agency (NEA) prior to the submission of the license 
application to the Belgian safety authority FANC, the Federal 
Agency for Nuclear Control. 

During peer review of the safety case, the international 
review team recommended that ONDRAF/NIRAS continues to 
look into the possibility of backfilling inspection rooms with 
alternative materials to add a further defence-in-depth layer to 
the reference design. 

As one of the potential options to satisfy the reference 
design, ONDRAF/NIRAS is considering to fill inspection 
rooms within the disposal concept with a zeolite-based 
material with optimised sorption properties for radionuclides 
within the inventory who limit and prevent detrimental 
radiological impact of the disposal system on the environment. 

Preliminary confirmed results identified clinoptilolite and 
chabasite as those zeolites exhibiting superior performance as 
Cs+ selective sorption sinks in hyperalkaline porewater, which 
is associated with fairly to moderately fresh concrete. In 
addition, and unexpectedly, Cs+ sorption isotherms 
demonstrated a dramatic increase of Cs+ in pH 13 solutions 
compared to conditions at pH 8. Combining these results with 
the observed stability trends in ultra-alkaline zeolite 
transformations, indicated chabasite as highly promising 
sorption sink for Cs+ in ultra-alkaline conditions encountered 
in concrete porewater. This stimulated research activities 
assessing the long-term stability of chabasite in concrete 
porewater and understanding the important CEC increase in 
pH 13 solutions compared to pH 8 solutions. 
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The geochemical behaviour and bio-availability of 

selenium have an unexpectedly intricate impact on modern 
society. While selenium is an essential micronutrient for many 
living organisms, the window between deficiency and toxicity 
is very narrow (0.04 ppm ; essential; 0.04 – 0.1 ppm beneficial; 
3 ppm toxic). Due to its similarity to sulphur, it is commonly 
encountered in subsurface deposits such as coal and uranium, 
phosphate and sulphidic transitionmetal ores. The release of 
selenium to the environment is closely associated with the 
economic exploitation of such deposits. Because of its 
significant contribution to long-term radiation exposure, 79Se is 
considered as one of the important isotopes in the inventory of 
the long-lived radioactive waste produced by nuclear industry.  

In view of redox properties and abundant occurence in 
reducing soils and sediments, iron sulphides play an important 
role in the availability of mobile inorganic selenium in the 
environment. 

While previous studies have demonstrated the formation of 
FeSe and Se0 upon reduction of Se(IV) with respectively iron 
monsulphides and iron disulphides, the mechanistic pathways 
explaining the different outcome are missing. 

Combination of published results in a wide range of 
relevant systems [1-5] with new spectroscopic information (XAS 
and NMR spectroscopy) obtained for specifically synthesized 
key intermediates allows to rationalise all previous 
observations. These results allow to outline the different 
pathways and demonstrate how the intermediary selenium, 
sulphur and selenosulphur species determine the final outcome 
of the reactions. 

 
[1] Scheinost et al (2008), ES&T, 42, 1984–1989 [2] Breynaert 
et al (2008), ES&T, 42, 3595–3601 [3] Scheinost et al (2008), 
J. Contam. Hydrol., 102, 228-245 [4] Breynaert et al (2010), 
ES&T, 44, 6649–6655 [5] Kang et al (2011), ES&T, 45, 2704–
2710 
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Mercury is a ubiquitous environmental toxicant that exists 
in multiple chemical forms. The optimal expression of central 
metabolic genes of an organism can strongly be influenced by 
genes or gene networks related to the resistance or/and 
tolerance to its toxicity. A lack of information exists regarding 
the toxicological effect of inorganic mercury (Hg(II)) to 
sulphate-reducing bacteria and the differences or similarities 
by which this chemical alters the physiology of the cell at the 
molecular level under different environmental conditions.  

Here we report gene fitness analysis of Desulfovibrio 
vulgaris Hildenborough (DvH) pools of mutants following 
toxic exposures to inorganic Hg(II). A collection of unique 20 
bp DNA barcoded transposon mutants in DvH were generated 
by conjugation and transposition of TagModule-marked 
pRL27 mini-Tn5 transposon delivery vector. For simultaneous 
competitive gene fitness assay in the presence of sub- and 
inhibitory concentrations of Hg(II), we used two pools of 3586 
mutants each to minimize redundancy as there are less 
TagModules than insertion mutants. Thus, with 1249 mutants 
common to both pools, a total of 5923 unique insertion 
mutants were tested. These mutants accounted for 2704 of the 
3417 annotated genes in the DvH genome. The negative or 
positive gene fitness scores calculated for each gene are 
indicative of genes whose mutation respectively results in 
lower or higher viability of the harboring strain relatively to 
the typical strain in the pools. 

Bioinformatics analysis will be presented to determine if 
the gene fitness responses observed in DvH indicate that 
different biosynthetic pathways are possibly involved in 
transformation and bioavailability of Hg(II) at sub- and 
inhibitory concentrations under various physiological 
conditions. 
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Saline lakes on the Tibetan Plateau are sensitive indicators 
to enviornmental change and the microbial response can either 
amplify or negate further change by altering the carbon, 
nitrogen, and sulfur cycles. To predict changes in these cycles, 
baseline information is needed on the pathways and the 
potential to withstand stress associated with enviornmental 
change. Therefore, an Illumina metagenomic and 
metatranscriptomic dataset was created from water collected at 
two sites (B and E) in the high elevation (3196 m), saline (12.5 
g L-1) Qinghai Lake. Autotrophic Cyanobacteria dominated the 
DNA samples, while heterotrophic Proteobacteria dominated 
the cDNA samples from both sites. Photosystem II was the 
most active at site B and was associated with photoprotection 
and osmotic stress genes. Oxidative phosphorylation was most 
active at site E consistent with the dissolved oxygen in the lake 
water (8.9 ppm) and was associated with oxidative stress genes. 
The N cycle was dominated by assimilatory pathways for both 
sites. N2-fixation was likely inhibited by the presence of both 
nitrate and nitrite (0.39 and 0.13 mg L-1, respectively). The 
production of sulfate through either the SOX system or sulfite 
dehydrogenase were the most active pathways. These data 
show that the microbial communities in Qinghai Lake are 
involved in the C, N, and S cycle, and provide baseline 
information on the microbial response to environmental 
change.  
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The new record from Lake El’gygytgyn, the largest, 
deepest, oldest unglaciated basin in the circumarctic provides 
the first complete record of Pliocene and Pleistocene climate 
change from the terrestrial high latitudes [1, 2]. Lake 
El’gygytgyn evidence shows 3.6-3.4 Ma ago summer 
temperatures were ~8oC warmer than today when pCO2 was 
~400 ppm and ANDRILL records in Antarctica suggest ice 
sheets were smaller. Multiproxy evidence suggests extreme 
warmth and polar amplification during the middle Pliocene 
with low amplitude changes between cold and warm 
Milankovitch cycles consistent with the LR stack. Sudden 
stepped cooling events during the Pliocene-Pleistocene 
transition recorded at Lake E are consistent with a number of 
marine proxies from the North Pacific and North Atlantic 
suggesting that polar amplification was recorded across the 
northern hemisphere in both marine and Arctic terrestrial 
environments. Summers warmer than present Arctic persisted 
until ~2.2 Ma, after the onset of Northern Hemispheric 
glaciation. The warmth recorded at Lake El’gygytgyn raises 
new questions about the size and geometry of initial ice over 
North America and elsewhere in the Arctic as well as 
challenges the notion of perennial sea ice before 2.5 Ma. Our 
multiproxy evidence is consistent with global sea-level records 
and other proxies indicating that Arctic cooling was really 
insufficient to support large-scale ice sheets until the early 
Pleistocene. 

 
[1] Brigham-Grette et al (2013) Science 340, 1421-1427 [2] 
Melles et al (2012) Science 337, 315-320  
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The Emperor Seamount Chain (ESC) preserves the earliest 
known record of volcanism emanating from the Hawaiian 
Hotspot (85 to 42 Ma). Isotopic data from these seamounts 
have shown a temporal evolution of the hotspot’s magmatism, 
with 3He/4He ratios steadily increasing from a MORB-like 
signature (10 RA) to ratios (24 RA) which are indistinguishable 
from the current Hawaiian Islands [1]. The evolution of the 
seamounts chemistry could reflect a change in the hotspot 
source over time or could be a result of interaction with other 
mantle reservoirs. In order to better constrain the early 
evolution of the hotspot source; olivine samples from three 
seamounts which span 27 Ma have been analysed for their 
halogen and noble gas content. 

Preliminary data suggests there is a trend of increasing I/Cl 
and Br/Cl ratios as the seamounts get younger; with an 
evolution from a MORB-like signature within the oldest 
seamount (Detroit) to a more enriched value in the younger 
seamounts (Suiko and Koko). There is also a variation within 
the K/Cl ratios of the samples. Detroit has an average K/Cl 
ratio of 11.4 similar to that of the MORB value (12.8), whilst 
Suiko and Koko have ratios of 40.1 and 20.8 respectively. 

Although the overall trend is that Suiko and Koko are 
distinct from the MORB-like Detroit seamount, there is no 
clear trend with decreasing age as Suiko (65 Ma) has twice the 
K/Cl ratio of the younger Koko (49 Ma) whilst maintaining 
similar 3He/4He ratios. The MORB-like signature within 
Detroit is most likely a result of the proximity of the plume 
head to a spreading ridge during the Cretaceous [2], whilst the 
younger seamounts are more representative of the hotspot 
source. The higher I/Cl ratios within the younger seamounts is 
further evidence of a primitive mantle signature within the 
Hawaiian source which is masked in the older seamounts by 
the influx of MORB material. This suggests that there is no 
clear linear evolution of the Hawaiian hotspot source through 
time and any fluctuations in chemical composition are a 
function of the tectonic setting. 
 
[1] Keller et al (2004) Geochem, Geophys, Geosyst, v5, n12 
[2] Regelous et al (2003) JPet, v44, n1, 113 – 140 
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Halogens and noble gases are critical tracers of volatile 
interaction between geological reservoirs. The incompatibility 
of the heavy halogens (Cl, Br, I) coupled with their unique 
elemental composition and concentrations within surface 
reservoirs make them ideal tracers of recycled volatiles [1]. 
Analysis of noble gases within pillow basalts has shown that 
there is an exchange of atmospheric volatiles from seawater 
into erupting basalts [2]. Halogens are concentrated within 
seawater and other marine reservoirs so it is possible that they 
are also incorporated and concentrated within basalts during 
eruption. To further understand and quantify the potential 
extent of seawater contamination within volcanic samples we 
have determined the halogen abundance and elemental ratios 
within 7 sections spaced at 2.5 mm intervals along a transect of 
a pillow basalt.  

The glassy rim of the pillow shows an enrichment in the 
halogens compared to the rest of the pillow which have 
distinctly MORB like I/Cl and Br/Cl ratios. The outermost 
section (#1) shows enrichment in iodine with an I/Cl ratio 
similar to marine pore fluids whilst below the surface, section 
#2 shows a significant enrichment in chlorine compared to 
other sections and has a I/Cl ratio more akin to seawater. 

Halogen concentrations and elemental ratios within this 
MORB pillow indicate that the glassy rim of the pillow has 
incorporated a marine halogen signature. The outermost 
section (#1) has an I/Cl signature greater than that of MORB 
and therefore may have incorporated some sedimentary pore 
fluids during eruption. Further into the glass rim the halogen 
concentration changes to a lower I/Cl than the rest of the 
pillow and a higher Cl/36Ar ratio. This implies there has been a 
degree of seawater and sedimentary volatiles incorporated into 
the first 5mm of the glassy rim. This seems to contradict the 
conclusion from the noble gases which has shown the most 
magmatic 40Ar/36Ar ratios within the glass rim [2]. Therefore 
there must be a mechanism which can incorporate seawater 
halogens without loss of magmatic noble gases.  

 
[1] Sumino et al (2010) EPSL, 294, 163 – 172 [2] Kumagai 
and Kaneoka (1998) Geophys. Res. Lett. 25(20), 3891 - 3894 
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The diversity of eukaryotic shapes and forms experienced 
a massive increase in the Neoproterozoic, and several models 
have proposed links between these evolutionary events and the 
large carbon isotopic excursions of the Cryogenian and 
Ediacaran. The Bitter Springs Anomaly (BSA), dated to ~800 
Ma, is the oldest of the large Neoproterozoic excursions. To 
investigate biotic and environmental changes across this event, 
we studied redox chemistry, sedimentology and molecular 
fossils of a particularly well preserved section in central 
Australia. Over ~200 meters of carbonate stratigraphy, the 
BSA records a negative carbon isotope shift from +5‰ to -4‰ 
and back to +5‰. The recovery is associated with a facies 
change from microbial carbonates deposited under (transitory) 
anoxic and ferrous waters, to very shallow carbonates and 
redbeds largely deposited under oxic conditions. Intriguingly, 
hydrocarbons recovered from the stratified ferrous section 
contain biomarkers best interpreted as the lipid remains of 
anaerobic predatory eukaryotes, possibly the oldest clearly 
indigenous biomarker signal of Eukarya in the geological 
record. The anaerobic eukaryotic signal diminishes at the end 
of the excursion and is replaced by the emergence of what we 
interpret as the oldest known signal of clearly indigenous 
crown group steranes. These steranes have a primitive 
homologue distribution and are best interpreted as the remains 
of aerobic heterotrophic eukaryotes rather than algae. We 
investigate causes and consequences of the emergence of these 
two first eukaryotic biomarkers in association with the Bitter 
Springs isotopic anomaly. 
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Dissolved organic nitrogen (DON) is perhaps the most 

poorly understood major component of the modern ocean 
nitrogen (N) cycle. Radiocarbon (Δ14C) isotopic measurements 
have been perhaps the most important data constraining overall 
DOM cycling, however almost no DON-specific data exists. 
Amino acids (AAS) are the major DON component that can be 
isolated at the molecular level. While no Δ14CAA data has been 
published, operationally defined “protein-like” fractions 
(isolated from DOM via resin extractions) have indicated 
generally younger Δ14C ages vs. total DOM, but nevertheless 
millennial Δ14C ages in the deep ocean, together suggesting a 
remarkable preservation of AAs exported from the surface. 
However, the complexity of DOM hydrolysis products, 
combined with possible resin C-blank issues, reduces the 
certainty of such “operational” data. Here we present a new 
HPLC approach, aimed at purifying unmodified AAS for Δ14C 
measurement. We propose that Δ14CAA values from such 
purified fractions can provide the first unambiguous Δ14C 
proxy for DON ages. We present initial data comparing 
operational “protein-like” data vs. compound-specific Δ14CAA 
data from surface to deep DON isolated from the central 
Pacific.  
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Apatite is a common accessory in many igneous rocks, and 
also found in many sedimentary and metamorphic rocks. 
Despite having the general formula Ca10(PO4)6(OH,F,Cl,Br)2 
apatite group minerals are remarkably tolerant to structural 
distortion and chemical substitution, and are consequently 
diverse in composition. The potential of apatite to readily 
incorporate multivalent elements such as Fe, Mn, Eu and Ce in 
multiple oxidation states means that it has potential as a proxy 
for quantifying the oxidation state of the magmas from which 
it crystallised. Recent observations from the zoned Criffell 
granitic pluton (southern Scotland) support the use of 
manganese incorporation in apatite as a tool for determining 
oxygen fugacity. Variations in Mn concentrations of apatites 
across this body are indpendent of changes in whole-rock Mn 
content, and instead appear to correlate with the increased 
compatibility of Mn in apatite under more reducing conditions. 

In order to explore the potential for a Mn in apatite 
‘oxygeobarometer’ we have characterised Mn incorporation in 
a series of natural and synthetic apatites grown in the lab under 
controlled conditions using X-ray absorption spectroscopy at 
the Diamond Light Source, Oxfordshire (UK). Spectra clearly 
indicate that Mn is readily incorporated into the apatite 
structure as Mn2+, Mn3+ or Mn4+, with mixed valence of Mn 
noted in most samples studied. Clearly differences in near-
edge absorption features are noted in samples with Mn 
contents as low as a few hunbdred ppm, which provides a 
ready means for calibrating proportions of different valence 
states. We discuss possible mechanisms for Mn incorporation 
in the apatite structure based on this work and present the first 
data on the influence of fO2 on apatite-silicate melt partitioning 
of Mn in a model silica-rich system. 
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Diel concentrations of filtered and particulate mercury 
(Hg) and methylmercury (MeHg), and associated water quality 
parameters, were evaluated bi-hourly for a 30-hr period during 
the summer and winter seasons in a creek contaminated with 
high levels of inorganic Hg (baseflow unfiltered Hg ~70 ng/L) 
to determine if biogeochemical Hg and MeHg cycles respond 
to the daily photocycle. Results from the summer field 
campaign revealed a doubling of particulate Hg and MeHg 
concentrations during the nighttime periods concurrent with 
increases in total suspended sediment; diel changes in the 
activity of macrobiota affecting the suspension of 
contaminated sediments is likely responsible for these patterns. 
There were no diel patterns in filtered Hg (~11 ng/L) or 
dissolved organic carbon quantity (~2 mg/L) or quality 
(SUVA254 ~2.7 L mg C-1 m-1). Dissolved gaseous Hg (Hg0) 
concentrations, measured on a subset of samples, peaked mid-
day (0.45 ng/L) with a minimum measured just prior to sunrise 
(0.20 ng/L) likely reflecting the effects of Hg photo-reduction. 
Concentrations of filtered MeHg varied, with daytime 
increases of ~50% over nighttime concentrations (nighttime 
low of 0.22 to a mid-day maximum of 0.31 ng/L) representing 
about one third of the variability observed over the annual 
cycle (from 0.1 to 0.4 ng/L). As Hg0 and filtered MeHg 
represent small fractions (2-4%) of filtered Hg and have 
offsetting patterns, no diel pattern was detectable in the gross 
Hg measurement. The large amount of dissolved MeHg 
variability, which appears to be correlated with the daily 
photocycle, implies key controls on net methylation occur 
within the stream or on the stream bed and include factors such 
as small scale temperature changes in the water column and 
photosynthetic activity of stream biofilm. Periphyton biofilms 
in wetlands and lakes and epiphytic microbial communities on 
a dominant filamentous alga in one stream system have been 
implicated in methylmercury production; however, further 
research is required to determine the role of in-stream biofilms 
to MeHg patterns in this stream system. 

 
 



 Goldschmidt2014 Abstracts  

 

285 

285 

Linking Composition, Temperature, 
and Buoyancy of the North Atlantic 

Large Igneous Province Mantle 
Source 

ERIC L. BROWN*1 AND CHARLES E. LESHER1,2 
1Department of Geoscience, Aarhus University, Høegh-

Guldbergs Gade 2 DK-8000 Aarhus C, Denmark  
(* correspondence: ericlb@geo.au.dk) 

2Department of Earth & Planetary Sciences, University of 
California, Davis. 1 Shields Ave. Davis, CA 95616 
(celesher@ucdavis.edu) 

 
Recycled oceanic lithosphere, present in the mantle as 

pyroxenite, is recognized as a fundamental contributor to the 
chemical and isotopic heterogeneity observed in continental 
flood basalts (CFB) and large igneous provinces (LIPs). Yet, 
the geodynamic role fertile pyroxenite lithologies play in 
enhancing melt production in CFB/LIP provinces remains 
controversial because melt productivity also depends on the 
potential temperature (TP) and upwelling rate of the mantle 
source. A prime example of these issues is provided by the 
Paleogene-Recent North Atlantic large igneous province 
(NAIP), which records the breakup of Pangea ~56 Ma and 
subsequent development of the North Atlantic Ocean basin. 
High TP, active upwelling, and melting of pyroxenite 
lithologies have each been considered the primary mechanism 
for the region’s high productivity. Here we present new 
modeling that links the thermodynamics of melting 
lithologically heterogeneous mantle with source buoyancy to 
assess the trade-offs between TP, pyroxenite abundance, and 
upwelling rates in the NAIP. We show that solutions matching 
crustal thicknesses and isotopic compositions of NAIP basalts 
require a dominantly peridotitic source (<8% recycled oceanic 
crust) since the Paleogene. The presence of dense pyroxenite 
lithologies in the NAIP source offsets thermal buoyancy 
related to excess TP, and limits active upwelling to a maximum 
of ~14 times the passive rate. The region’s highest 
productivities require excess potential temperatures >150 °C. 
These results confirm the existence of a long-lived thermal 
anomaly in the NAIP, while also accounting for source 
heterogeneity required by the geochemistry. This analysis 
more broadly highlights that considering the effects of 
compositional buoyancy, in addition to those arising from 
elevated temperature, provides the additional constraint that 
enables one to relate the composition and volume of igneous 
crust to the underlying dynamics of upwelling and partial 
melting in all regions where lithologically heterogeneous 
mantle is involved. 
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Discoveries in science are often associated with major 

advances in experimental methods and instrumentation, in 
theory and modelling capabilities, and, over the past few 
decades, in computational power. The fields of geo-chemistry 
and mineralogy have clearly benefitted from such advances, 
particularly in the areas of earth materials characterization and 
the modelling of geochemical and mineralogical processes. 
Here we will focus on the increasingly important role being 
played by large scientific user facilities, particularly 
synchrotron radiation (SR) sources, x-ray free electron lasers 
(XFEL), and neutron scattering facilities. The termendous 
increases in brightness and decreases of emittance of SR 
sources since 1st generation sources in the 1970’s (~1013 
increase in brightness) have revolutionized the types of 
experiments now possible on earth materials, ranging from 
diffraction, spectroscopy, and tomographic imaging of samples 
simulating Earth’s deep interior at ultra-high pressures to 
nanoscale imaging and x-ray spectroscopy on complex 
environmental samples. The first XFEL at SLAC (the LCLS) 
is now producing hard x-rays that are 109 times brighter than 
3rd generation SR sources, allowing for the first time XRD 
experiments on single nanoparticles. The pulsed time structure 
of the LCLS, with pulses as short as a few fs, allows for the 
first time detection of transition state complexes in catalytic 
reactions on solid surfaces. The Spallation Neutron Source at 
ORNL produces the most intense pulsed neutron beams in the 
world allowing higher resolution experiments in complex 
sample environments, including the unique sensitivity of 
neuttrons to H. Some of the discoveries made possible by these 
advances in large user facilities will be discussed. 
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Cretaceous granitic bodies in the Santa Rosa Range, 

Nevada include a megacrystic K-feldspar intrusion (Granite 
Peak Stock - GPS) that is similar to megacrystic intrusions 
found within the Sierra Nevada batholith.  

GPS megacrysts are commonly euhedral, ranging from 1-
6cm in length. Microscopy reveals abundant plagioclase, 
biotite, quartz, oxide, and accessory phase inclusions. Euhedral 
plagioclase and biotite inclusions are preferentially oriented 
parallel to zonation boundaries. Quartz inclusions form blebs 
and elongate stringers. Nearly all megacrysts are oscillatory 
zoned and display sector zoning that is primarily defined by 
plagioclase and biotite inclusions.  

Microsampling of distinct regions was done using diamond 
coring bits and a Dremel Tool. Following acid leaching, cores 
removed from two megacrysts were analyzed for Pb isotopes 
by TIMS. Analyses reveal no core to rim heterogeneity (avg. 
206/204 = 19.075 ± .015; avg. 207/204 = 15.670 ± .020; avg. 
208/204 = 38.850 ± .063). These megacryst values are within 
error of values collected on non-megacrystic GPS feldspar 
separates, suggesting identical sources. 

Our textural observations support a magmatic origin for 
these megacrysts. However, the Pb isotope data do not allow 
distinction between a magmatic and subsolidus origin because 
1) early-formed megacrysts and interstitial K-feldspars may 
have crystallized from the same homogeneous magma, and 2) 
subsolidus modification may have formed the megacrysts at 
the expense of interstitial K-feldspar grains, yielding K-
feldspar megacrysts with the same Pb isotope composition as 
the non-megacrystic GPS feldspars. 



 Goldschmidt2014 Abstracts  

 

288 

288 

The Ca isotope composition of altered 
MORB  

S. T. BROWN1, M. ANTONELLI1, H. STAUDIGEL2, 
T. L. OWENS1 AND D. J. DEPAOLO 1 

1UC Berkeley and Earth Science Division Lawrence Berkeley 
Lab, Berkeley, CA, stbrown@lbl.gov 

2Scripps Institution of Oceanography, UC San Diego, CA 
 

The alteration of oceanic crust by hydrothermal fluids 
affects the chemistry of island arc lavas, mantle reservoirs and 
the oceans. Understanding the chemical and mineralogical 
changes in ocean crust during alteration is necessary for 
developing quantitative models for geochemical cycles in the 
solid earth and oceans. Despite several decades of research, 
questions such as the mass balance of radiogenic Sr in the 
oceans are still not definitively answered. To develop a better 
understanding of ocean crust alteration we conducted a 
preliminary study of variably altered oceanic basalts from ODP 
cores 417A, 417D and 418A on the southern end of the 
Bermuda Rise in the western Atlantic. 

We report Ca isotope (δ44/40Ca), 87Sr/86Sr and 
concentrations of K, Rb, Sr, Ca on whole rock powders. 
Additionally δ18O and δ13C were determined on the carbonate 
fraction. Whole rock concentrations of CaO (5.6-42 wt%) are 
well correlated with CO2 concentrations (0.4-30 wt%; r2=0.95) 
but poorly correlated with K (270-27,000 ppm), Rb (2-35 ppm) 
and Sr (35-135 ppm) concentrations. Sr isotope ratios 
corrected to magmatic age 87Sr/86Sr120Ma = 0.7038-0.7066 lie 
between fresh MORB 0.7025 and Cretaceous seawater 0.7075. 
δ44/40Cawhole rock varies between +0.05 and +0.8 relative to bulk 
silicate earth (BSE). Cretaceous seawater was likely +0.7+/-
0.1, meaning that the altered samples span 100% of the 
MORB-seawater compositional range. For comparison the 
87Sr/86Sr has a maximum exchange of ~85% between seawater 
and MORB. The δ44/40Ca and 87Sr/86Sr values are not well 
correlated; three samples with the most radiogenic Sr span the 
entire range of observed δ44/40Ca.  

Results so far indicate that there is substantial modification 
of oceanic crust Ca isotopes as well as Sr. Future 
measurements of acetic acid leachates and residues will help 
constrain the degree to which Ca and Sr are exchanged during 
silicate mineral alteration compared to secondary carbonate 
precipitation, and allow us to evaluate whether the altered 
MORB Ca isotope signature could be preserved in arc lavas or 
ocean island basalts.  
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The best mechanism to explain the observed Archean 
coupled evolution of the short-lived 146Sm → 142Nd and 182Hf→ 
182W systems is crystal-liquid fractionation. Thus, magma 
ocean processes could explain both Archean isotopic 
variability and the deviation of 142Nd between the Earth’s 
accessible mantle and chondrites. The model presented here 
indicates that generating the isotopically-required early 
reservoirs is a likely outcome of magma ocean crystallization 
and overturn of shallow enriched dense (i.e. gravitationally 
unstable) cumulates. The magma ocean solidification code of 
[1] and a modified Monte Carlo algorithm, designed to 
randomly choose physically reasonable trace element partition 
coefficients in crystallizing mantle phases, are used to model 
the isotopic evolution of potential early Earth reservoirs. 
Successful runs in the Hf-W system suggest that the most 
likely timespan for core formation on Earth is between 30 and 
80 Myr after Solar System formation, with a peak at 40 Myr. 
This time window shifts earlier when more W is included in 
the bulk silicate Earth composition. The high iron-composition 
and density of the enriched reservoir is compatible with large 
low-shear velocity provinces (LLSVPs) seismic observations 
(i.e. [2]), and any melts are likely to remain isolated deep (i.e. 
[3]), suggesting that the presently observed LLSVPs could be 
fully or partially composed of remnants of an early enriched 
reservoir. 

 
[1] Elkins-Tanton (2008) EPSL 271, 181-191 [2] Trampert et 
al (2004), Science 306, 853 [3] Thomas et al (2012) JGR 110, 
B10206. 
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Pressure-temperature conditions of multiple saturation with 
olivine and orthopyroxene of intermediate and high titanium 
Apollo ultramafic glasses strongly depend on fO2. Piston 
cylinder experiments conducted in both graphite capsules 
(IW+2) and iron capsules (IW-2) bracket the expected range of 
fO2 involved in lunar petrogenesis. The pressure of multiple 
saturation increases by 1 GPa (~200 km) for the Apollo 15 red 
glass (13.5 wt% TiO2), and by 0.5 GPa (~100 km) for both the 
Apollo 17 orange glass (8.8 wt% TiO2) and the Apollo 14 
yellow glass (4.5 wt% TiO2). The change in multiple saturation 
(ΔMSP) is not linear with TiO2 but with TiFe# = molar 
(Fe+Ti)/(Fe+Ti+Mg). We find that the melt activity coefficient 
ratio of FeO to MgO, or (ϒFeO/ϒMgO)melt, decreases at low fO2, 
suggesting that melt speciation of Fe changes with variable 
fO2.  

These two observations limit the nature of melt behavior at 
low fO2. One reaction to describe a melt component oxidation-
reduction reaction that explains the observed behavior is:  

. 
Armalcolite and ilmenite melt components are in 

equilibrium at higher fO2. At lower fO2, some Ti4+ reduces to 
Ti3+. The ilmenite melt component dissociates and donates Ti3+ 
to the modified more-Ti rich armalcolite melt component. To 
satisfy charge balance, (Fe,Mg)O is ejected into the melt, along 
with (Fe,Mg)O from the ilmenite melt component. Increasing 
the available FeO+MgO for the remaining melt components 
explains the deepening ΔMSP. The reduced armalcolite melt 
component is most stable at higher Ti+Fe contents, illustrated 
by the melt component exchange reaction (x=0.5): 

. 
The reaction proceeds to the right as the FeTi# increases, 

explaining both the reduction in (ϒFeO/ϒMgO)melt and the ΔMSP 
– FeTi# linear relationship. 

 
 

(Fe,Mg)Ti
4+
2 O5 + x(Fe,Mg)Ti

4+
O3 �

(Fe,Mg)1−xTi
4+
2−xTi

3+
2x O5 + 2x(Fe,Mg)O + xO2

Mg0.5Ti
4+
1.5Ti

3+
O5 + FeO � Fe0.5Ti

4+
1.5Ti

3+
O5 +MgO
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Zircon is one of the most widely used minerals for 

geochronology because of its persistence in harsh geological 
environments and its afinity for uranium. 238U and 235U both go 
through a number of intermediate daughters before arriving at 
the stable daughter products of 206Pb and 207Pb. Loss of 
intermediate daughters results in loss of the final daughter, and 
a younger than expected U/Pb age. Radon, a noble gas, is an 
intermediate daughter in both 238U and 235U decay chains, 
however, the half-life of 219Rn in the 235U series is only ~4 s, 
leaving very little time for the 219Rn to be transported out of the 
system before decaying. 222Rn has a much longer half-life of 
3.82 days, which increases the potential for 222Rn to escape 
from the system, meaning that 238U/206Pb ages are more likely 
to be affected by Rn loss than 235U/207Pb ages. This study 
investigates high temperature loss of 222Rn from zircon. 

We measured initial activity of 226Ra (vis 214Bi and 214Pb) in 
crushed aliquots of a large (>100 mg) zircon crystal from 
Bancroft, Ontario using gamma spectroscopy. The aliquots 
were then heated at temperatures ranging from 200–975 ˚C for 
durations of 4–48 hours. After heating, samples were returned 
to the gamma spectrometer and 222Rn activity was measured 
via 214Bi and 214Pb every 3-5 days until equilibrium between 
226Ra and 222Rn was reestablished (~30 days). A 222Rn ingrowth 
curve was fit to the data in order to calculate the amount of 
222Rn that was lost during heating. The maximum 222Rn loss 
achieved was ~36%, and occurred at a temperature of 975 ˚C. 
Preliminary data from different temperature steps form a linear 
array in Arrhenius space, suggesting loss by diffusion. 
However, repeated heating steps resulted in dramatically lower 
222Rn loss values of ~10%. We interpret this as a result of 
microstructural change within the crystal during heating, e.g. 
annealing of fission tracks or radiation damage. We will relate 
rates of 222Rn diffusion to microstructure using TEM 
observation of these samples and measurements of 222Rn loss 
from two additional zircons with lower U concentrations and 
thus different initial microstructure. 

Preliminary results suggest that high temperature 222Rn 
diffusion may contribute to discordant U/Pb ages, and that 
microstructure is likely to play an important role in 222Rn 
diffusion kinetics in zircon. 
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The Egéré/Aleksod Terrane in Central Hoggar contains 
high-pressure metasediments closely associated with garnet 
amphibolites and eclogites. According to thermodynamic 
calculations, peak condition of the eclogitic stage is ~800°C, 
15-17 kbar followed by retrogression at ~830°C, 13 kbar and 
cooling to ~525°C, 8 kbar. The investigated sample, a coarse-
grained leucocratic rock interlayered within kyanite-garnet 
metapelites, is a high-pressure aluminous leucosome. It 
contains an euhedral zircon megacryst of c. 3mm long, 
included in K-feldspar and in contact with primary white mica 
on one side. The megacryst shows oscillatory zoning, and a 
HREE-enriched pattern characterized by a positive Ce 
anomaly and no negative Eu anomaly. These features are 
consistent with crystallisation from a melt. The low Th/U ratio 
(Th/U< 0.003) is best explained by coeval crystallisation of 
minerals which partition Th against U (e.g. apatite) in a small 
melt volume. Ti-in-Zrn thermometry indicates that the center 
of the megacryst crystallised at 811±15°C whereas a thin 
(<50µm) rim displays a lower temperature of 717°C in 
agreement with results from Zr-in-Rt thermometry which 
yields a temperature of 702±24°C for the crystallisation of 
rutile. LA-ICP-MS U-Pb geochronology of the center of the 
grain provides an age of 654 ± 5 Ma, which indicates that the 
megacryst grew either at the peak of eclogitic metamorphism 
or during the first stages of retrograde metamorphism and 
decompression. This age is significantly older than exhumation 
of the Western Hoggar eclogites (623±2 Ma after Berger et al, 
2014) or than the age of subduction of the eastern passive 
margin of the West African Craton (620-615 Ma after Jahn et 
al, 2001). This suggests a westward younging of high-pressure 
events which is consistent with a serie of successive collisional 
events affecting the various terranes of the Tuareg Shield 
following eastward directed subductions. 
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The 1.64 Ga Barney Creek Formation (BCF) in the 

McArthur Basin, northern Australia, hosts some of the world’s 
largest stratiform Zn-Pb sulphide deposits. Currently, there are 
two models proposed for ore formation: syngenetic 
precipitation of sulphides from a metalliferous brine pool 
(SedEx), and early diagenetic mineralisation from 
hydrothermal fluids. To examine the possible contribution of 
SedEx processes to ZnS enrichment, we investigated inorganic 
and biological processes in the paleo-water column using 
biomarkers and iron speciation chemistry. The BCF hosts the 
oldest recorded clearly syngenetic biomarkers, allowing 
detailed paleoecological reconstructions [1]. The study yielded 
correlations between redox conditions and biomarkers of 
different phototrophic sulphur bacteria that suggest that 
organic matter degradation was driven by biological sulphate 
reduction (BSR), not aerobic heterotrophy, and that water 
column redox was controlled by the balance of sulphate and 
highly reactive Fe influx rather than organic productivity. 
Moreover, in sediments proximal to a large ore deposit, a ZnS-
enriched horizon coincides with a transition from a fluctuating 
oxic/ferrous water column to sulphidic conditions followed by 
a return to permanently ferrous waters. The data suggests that 
metal and sulphate-rich fluids were emitted from the nearby 
Emu fault system into an anoxic and ferrous basin but not, as 
suggested by current SedEx models, into a sulphidic water 
column. The exhaled sulphate-rich brines presumably caused 
locally sulphidic conditions via BSR and generated a ZnS halo 
around the discharge zone and ore body.  

 
[1] Brocks et al (2005) Nature 437, 866-870 



 Goldschmidt2014 Abstracts  

 

294 

294 

Geochemistry of Northern Stream 
Waters: Metal Mobility and 

Implications for Mineral Exploration 
in the MacMillan Pass, Yukon 

S. E. BRYSON1*, D. FORTIN2 AND M. MCCURDY3 
1Dept. Earth Sciences, University of Ottawa, K1N 6N5, 

Canada (*correspondence:sbrys044@uottawa.ca) 
2Dept. Earth Sciences, University of Ottawa, K1N 6N5, 

Canada (dfortin@uottawa.ca) 
3Geological Survey of Canada, Ottawa, Ontario, Canada, K1A 

0E8 (Martin.McCurdy@NRCan-RNCan.gc.ca) 
 

Stream waters and silt sediments are regularly sampled as a 
mineral exploration vectoring tool. While chemical weathering 
and mineral precipitation in stream sediments are well 
documented, the effect of varying environmental conditions on 
exploration samples are not always well understood or 
accounted for, particularly with regards to redox, pH, and 
sorption to oxides and clays and organics. Thermodynamic 
modelling of metal speciation may allow samples to be 
normalized across varying conditions.  

During the summer of 2013 streams in the MacMillan 
Pass, Yukon, were sampled by the Geological Survey of 
Canada to characterize the stream waters of a natural, northern 
(63° latitude) acid rock drainage (ARD) system. This area 
contains two known ore deposits, acid generating black shales 
and localized carbonates. Streams sampled had pH values 
ranging from 2.9-8.2, conductivities ranging from 30-2100 
µS/cm and moderate water temperatures of 8-14°C. Detrital 
sediments were composed of silt to boulder lag deposits. These 
were overlain by metal-oxides in the most acidic waters  
(pH <3.5), red iron oxide rich precipitates at moderate  
acidity (pH 4-5) and unidentified white precipitates (possibly 
aluminium oxides) in slightly acidic waters (pH 5-6). Neutral 
to basic waters without acidic tributaries had no visible 
precipitates. Highly acidic (pH 3) waters in stagnant pools 
showed signs of microbial mineral formation, however there 
was no indication this was widespread. Valley side tributaries 
were either acidic (pH <3.5), or neutral to alkaline (pH >7). 
Waters with intermediate pH values were only found along the 
main channel after mixing.  

Recently there has been interest in ARD systems being 
created by the exposure of surficial metal sulphide minerals by 
receding glaciers [1]. Being that the upper extents of this 
system were recently glaciated, this system may aid future 
exploration and water quality studies as similar systems are 
exposed. 

 
[1] Fortner et al (2011) app. geochem. 26. 1792-1801 
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The use of Si isotopes to reconstruct patterns of marine 

silica production requires predictive knowledge of the isotopic 
composition of ventilating water masses. Silicon isotopes 
within silicic acid, δ30Si(OH)4, varied with water mass identity 
along the US GEOTRACES North Atlantic section. Low 
δ30Si(OH)4 was observed in the deep waters dominated by 
Antarctic Bottom Water (AABW). High values occurred in 
North Atlantic Deep Water due to the contribution of heavy 
northern waters influenced by the Arctic Ocean. Overall, 
δ30Si(OH)4 behaved as a semi-conservative property with a 
distribution governed by the contrasting Si isotope signatures 
of the polar oceans. The concept of a Silicon Isotope Bipole 
will be presented where a strong contrast in δ30Si(OH)4 
between the Arctic and Southern Oceans leads to strong 
latitudinal gradients in Si isotopes in the Atlantic that are tied 
to the origin of major water masses.  
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Constraining the volatile contents and oxidation state of 
basaltic magmas is critical to understanding their generation 
and evolution. However, quantitatively assessing the pre-
eruptive concentrations of H2O, CO2, and other volatiles in 
magmas is challenging because their solubilities decrease 
dramatically with decreasing pressure, resulting in near-total 
degassing of erupted lavas. Further, the Fe3+/∑Fe ratio of a 
magma can be modified by crustal assimilation, magma 
mixing, or crystallization. Olivine-hosted melt inclusions have 
become an important source of information on magmatic 
volatiles and ƒO2 because they are largely protected from 
degassing or changes in ƒO2 experienced by the external 
magma. However, the major uncertainty involved with 
interpreting volatile and Fe3+/∑Fe heterogeneities preserved in 
melt inclusions is the potential for post-entrapment 
modification by diffusive processes. 

Here, we present a comprehensive set of volatile, hydrogen 
isotope, and Fe3+/∑Fe data from recent dehydration 
experiments on olivine-hosted melt inclusions, which 
demonstrate that diffusive processes result in post-entrapment 
modification of not only H2O, but also ƒO2, CO2, and to a lesser 
extent S. Moreover, these processes may occur on timescales 
of hours to days at magmatic temperatures. We develop an 
integrated open-source analytical model that accounts for post-
entrapment changes to H2O, CO2, D/H ratios, and ƒO2 in a 
spherical melt inclusion located at the center of a spherical 
olivine. Isotropic diffusion of protons, deuterons, and metal 
vacancies is allowed through the olivine crystal, resulting in 
H2O, D2O, and ƒO2 equilibration. Changes in the internal 
pressure of the melt inclusion due to diffusive loss of H2O and 
the resulting change in CO2 are modeled assuming an isochoric 
inclusion and considering expansion of the host olivine during 
decompression. Our model successfully reproduces the 
experimental data, indicating that it robustly accounts for the 
mechanisms of diffusive re-equilibration. Although melt 
inclusions are susceptible to diffusive modification, they 
remain a valuable source of information on crustal magmatic 
processes if interpreted carefully. For example, although 
measured concentrations of H2O & CO2 in initially hydrous 
melt inclusions may only yield estimates of the last depth of 
equilibration within the crust, quantitative modeling of 
multiple proxies for H2O-loss, such as D/H ratios and vapor 
bubbles, can place constraints on pre-eruptive H2O & CO2 
concentrations, and therefore initial pressures of entrapment.  
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Significant evidence exists that arc-related granitoids are 
the complex products of magmatic mixing between melts of 
different compositions. However, as magma mixing is limited 
to magmas with similar viscosities [1,2], composite granites 
must form through the mixing of compositionally distinct 
felsic melts with comparable viscosities. The production of 
‘calc-alkaline’ silicic melts (dominated by tonalities, 
granodiorites, & granites) in arcs through fractional 
crystallization of silica-poor minerals (e.g., amphibole) from 
hydrous basalts is well documented [3,4]. The question then 
arises, however, whether there are other liquid lines of descent 
(LLDs) characterized by different parental melt compositions 
and crystallizing mineralogy that give rise to granitoids that are 
geochemically & texturally distinct from the common calc-
alkaline sequence. Here we present results from a newly 
discovered arc section in the Dariv Range of the Mongolian 
Altaids in support of this idea. In Dariv, a complete hydrous 
alkaline fractionation sequence ranging from biotite-bearing 
ultramafic & mafic cumulates through liquid-like quartz-
monzonites is exposed, which so far has been documented only 
in fragmentary phlogopite-bearing ultramafic xenoliths. We 
consider the rocks to represent an alkali-rich hydrous 
fractionation sequence defined by the appearance olivine + 
clinopyroxene ± Fe-Ti oxides  biotite + apatite  k-feldspar 
+ plagioclase  amphibole + quartz. To quantify the LLD of 
an alkaline arc-related basalt, we present a fractionation model, 
which incorporates a stepwise subtraction of cumulates of a 
fixed composition from a primitive melt. The primitive melt 
composition was constrained from analyses of late-stage mafic 
dykes related to the alkaline sequence. The primitive melt is 
characterized by high Na2O, K2O, LILEs, and LREEs contents 
and depletions in HFSEs typical for arc magmas. The modeled 
LLD reproduces the compositions of ‘liquid’-like plutonic 
rocks and follows the experimentally determined water-
undersaturated Ab-Or cotectic (at 0.2-0.5 GPa). Many 
primitive arc melts have the appropriate composition to follow 
a similar LLD, suggesting that clinopyroxene- & biotite-
dominated fractional crystallization may be a common 
mechanism for producing upper crustal LILE- and LREE-
enriched granitoids in arcs. These alkali-enriched silicic melts 
could mix with calc-alkaline-like granitic melts to produce 
hybrid granitoids exposed in the upper crustal sections of 
paleo-arcs. 
 
[1] Sparks & Marshall (1986), JVGR, 99-124 [2] Scaillet et al 
(2000), GSA Special Papers 350, 61-72 [3] Sisson & Grove 
(1993), CMP 113, 143-166 [4] Jagoutz (2010), CMP 160, 359-
381 
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An estimated 47,000 abandoned mine sites exist statewide 

as a result of the historic mining of gold and silver in 
California. Since the halt of mining operations, communities 
have developed near abandoned mine wastes at certain 
locations. This is of concern because waste material left over 
from the processing and extraction of precious metals often 
contains associated toxic metal(loid)s including arsenic (As), 
which can be mobilized into surrounding communities and 
incidentally ingested by humans. The purpose of this study is 
to characterize trends in initial As concentration, surface area, 
and bioaccessibility as a function of particle size from 
contaminated sites within the Empire Mine region.  

Empire Mine is an abandoned gold mine located in Grass 
Valley, California among the Sierra Nevada Mountains. This 
region contains mine waste piles with As concentrations 
approaching 10,000 ppm. Samples from the Empire Waste 
Dump, Prescott dump, Sabastopol, Prescott Shaft area, Power 
Line Central, Betsy Mine, Sand Dam, Mine Waste, and Native 
Mineralized regions were collected and separated via 
mechanical sieving into eleven distinct size fractions ranging 
from ≥2830 µm to ≤20 µm. Nitrogen absorption surface area 
analysis and initial elemental concentrations (including 
arsenic) were measured for each size fraction. In vitro 
simulated gastric fluid extraction tests were then performed to 
determine the bioaccessibility of As for each discrete particle 
size fraction as well as the ≤250 µm size regime 
(corresponding to the directly ingestible size fraction).  

Initial characterization of the size fractions largely displays 
an inverse correlation between average particle size and initial 
As concentration as well as an inverse correlation between 
average particle size and surface area. This could be due to the 
preferential weathering of matrix phases leaving a higher 
concentration of As behind and/or As dissolution and 
subsequent reabsorption onto fine-grained iron hydroxides. 

The extraction tests exhibit an inverse correlation between 
particle size and mass of As released. When normalizing for 
either initial concentration or surface area, the former appears 
to be a larger contributor to the observed correlation; however, 
accounting for both factors provides the strongest explanation 
for the trend observed. 
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The Katla Volcanic Complex (KVC), one of northern 

Europe’s most active and hazardous volcanic centres, is 
characterised by mainly basaltic activity, >300 explosive 
basaltic eruptions in the last 8.4 ky, and occasional silicic 
eruptions. Previous petrological investigations on historical 
Katla tephras suggest a state of simple plumbing which 
currently supplies Katla with magma from a deep reservoir 
system [1].  

Here we derive crystallisation temperatures and pressures 
from clinopyroxene and plagioclase from historical and 
prehistoric Katla tephra samples which allow us to assess long-
term changes in magma reservoir depth through time. In the 
lead up to the 940 AD Eldgjá Fires, geobarometric models 
suggest a gradual shallowing of the Katla plumbing system 
from 8 to 1.25 ky BP, with the emergence of a pronounced 
zone of magma crystallisation at ≤5 km depth revealed in the 
1.25 ky tephra. 

Geobarometry conducted on the 1918 tephra indicates that 
the system could be building up again, as the data parallel the 
pattern seen in the prehistoric samples, including evidence of 
shallow (≤5 km) crystallisation, consistent with seismic data 
and surface deformation that imply shallow present-day upper-
crustal magma storage also [2–4]. 

As Katla now seems to be re-establishing its pre-Eldgjá 
plumbing pattern, mafic replenishments could intersect this 
shallow reservoir and lead to another, albeit likely bigger 
Eyjafjallajökull-style eruption, without much prior warning. 
This new information is relevant for disaster management, 
contingency planning and hazard mitigation in respect to 
disruptive volcanic consequences to northern Europe and 
beyond.  

 
[1] Óladóttir et al Bull. Volcanol. 70, 475–493 (2008). [2] 
Gudmundsson et al Geophys. J. Int. 119, 277–296 (1994). [3] 
Soosalu et al J. Volcanol. Geotherm. Res. 153, 177–186 
(2006). [4] Sturkell et al J. Geophys. Res. 113, B03212 (2008).  
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Taxonomic surveys indicate a wide diversity of microbial 

communities exist in different coal seams around the world. 
Coal biomethanation is generally accepted to occur  
in 3 steps; initial coal depolymeriztion and solubilzation, 
biotransformation of coal intermediary products to 
methanogenesis substrates and methanogenesis. Many factors 
such as coal rank and pH can affect microbial community 
structure and function. Thus the stimulation of coal 
biomethanation likely requires local strategies to relieve 
biochemical pathway bottlenecks specific to different coal bed 
ecosystems. 

 
 
 
 
 
 
 

 
 
Figure 1. Functional screen of coal and enrichment culture 

metagenomes using conserved protein markers for different 
stages of coal biomethanation process. 

 
Here we compare the metagenome of a methanogenic coal-

degrading culture amended with a nutreint supplement to 
metagenomes from in-situ coal bed communities. Resulting 
enrichment and in-situ profiles exhibit distinct structural and 
functional compositions reflecting successional stages in coal 
biomethanation. The enrichment was more similar to stage 3 
profiles identified in-situ, with over-representation of 
intermediate production and methanogenesis pathways. 
Succession in biomethanoation phenotypes has implications 
for the development of field deployable strategies to enhance 
coal conversion. 
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Sandy forest soils characteristically contain little organic 
matter and dissolved organic carbon (DOC) from leaf litter, as 
it is easily leached from the system. One potential strategy to 
sequester this carbon in course textured forest soils is through 
additions of forest thinning materials as biochar. The unique 
chemical and physical properties of biochar make it a 
promising amendment to enhance carbon sequestration in soils. 
Therefore, the objective of this study is to determine if biochar 
soil amendments produced by pyrolysis of biomass from forest 
thinning for bioenergy can enhance carbon storage in forest 
soils. Biochar from chipped and dried Ponderosa pine trees 
was produced at 300, 500, 700, and 900 °C. Physical and 
chemical properties of these four chars (total C/H/O, ash 
content, surface area, cation exchange capacity, and pH) have 
been analysed. Soil column leaching experiments were 
conducted to quantify changes in the retention of DOC in the 
leachate of forest soils with 2% char additions. Further analysis 
using benzene polycarboxylic acids (BPCA) as molecular 
markers to differentiate transport of pyrogenic carbon from 
native soil carbon is ongoing. The data suggest that biochar 
soil amendments can effectively reduce DOC leaching and 
enhance soil carbon stocks. 
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Micro-analysis of certain, commonly used trace minerals 

by laser ablation multi-collector ICP-MS has become a routine 
instrument for absolute age dating by the U-Pb decay system. 
Instrumental progress during the last decade was made both for 
the laser as for the mass spectrometer instruments, combined 
also with textural imaging of the minerals under investigation 
prior to isotopic analysis. The secrets of data reduction are 
nowadays sufficiently well understood to consider eventual 
pitfalls, apply the necessary corrections and provide reasonably 
precise and accurate data. In this context, it seems even more 
important to stress that, although being precise and accurate, 
many of the U-Pb data so obtained may provoke quite a bit of 
ambiguity, inconsistency or overinterpretation as to their 
geological significance. This is also a result of the high spatial 
analytical resolution achieved today. 

 The daily routine of zircon U-Pb isotopic analyses is 
straightforward, with the micro-structural control, analytical 
set-up and reduction procedure being established, while the 
threats are largely restricted to the interpretation of the data. 
Moving to other, less common U-bearing minerals, a couple of 
precautions and adaptations have to be considered, such as the 
use of matrix-matched standards, possible common Pb 
corrections and different ablation behaviours. Much reserach is 
directed towards these issues, in order to extend the method to 
other U-bearing trace minerals. 

Considerable progress was made combining U-Pb age 
dating with Hf isotope studies in the same grain and even the 
same mineral sector. The retrieval of age coupled with 
provenance information for a particular sample was previously 
quite a laborious task. The identification of crystal sectors 
combined with age and provenance information on a single 
grain is certainly a great step for zircon dating in general. 

We will outline the recent developments in this field, 
considering the progress on an international level, and in our 
laboratory. Some of the basic worries and concerns of this 
method will be considered. 
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The Seblyavr ultramafic–alkaline–carbonatite complex is 
one of the largest (4×5 km) massifs intruded Archean gneisses 
of the Kola Shield. The massif comprises five magmatic rock 
series, which formed in sequence from olivinites to 
clinopyroxenites and ijolites-melteigites and carbonatite series. 
The fluid phase accompanying carbonatite magma played an 
active role at metasomatic contact interaction between 
carbonatite and magmatic rock series. The many rocks of early 
magmatic stages are intensively carbonatized and 
hydrothermally altered. To constrain the fluid sources and the 
fluid phase evolution during formation and alteration of 
Seblyavr massif rocks we have studied major volatiles and 
noble gases in fluid inclusions in calcite and clinopiroxene 
separates using stepwise crushing method. 

δ13C values vary in crushing steps of calcites from -6.6 to -
15‰ PDB, which is lower than mantle signature (-3 ÷ -5‰), 
and could be explained in terms of long time low temperature 
isotope exchange between carbon of CO2 and calcite. 40Ar/36Ar 
ratios in crushing steps of calcites vary between close to 
atmospheric values (296) to 3200, whereas in Cpxs from 
pyroxenites they increase at the last steps up to 33000, which is 
similar to the values of MORB glasses (Trieloff et al. 2003). 
Such a high 40Ar/36Ar ratios in ultramafic rocks of Kola 
Peninsula are obtained for the first time, and require an 
explanation. Based on He-Ne-Ar isotope systematic, Marty et 
al. (1998) have estimated Kola plum 40Ar/36Ar ratio as 5500. 
We have not yet obtained He and Ne isotope data for our 
samples, and hence cannot exclude the role of late 
hydrothermal fluids, which could introduce crustal argon (i.e. 
from Archean gneisses) into fluid inclusions in our Pxs. 
Nitrogen-argon systematic points to mixing between 
atmospheric component and another one – with high 40Ar/36Ar 
and very low N/40Ar ratios down to 1 and lower. Such a large 
fractionation between Ar and N could arise only as a result of 
addition of radiogenic Ar (but not due to diffusion into 
inclusions from the lattice), or multiple process of solution in 
water – bubbles formation, as Ar better soluble in water then 
nitrogen. The mean δ15N values are +1÷+2‰ Atm; N2 and 36Ar 
correlate in Px crushing steps, which points to subduction or 
crustal nature of nitrogen in our samples.  
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Forsterite-bearing Type B inclusions (FoBs) are a type of 
Ca-Al-rich inclusion (CAI) with isotopic and petrologic 
properties indicating significant degrees of melt evaporation 
(see [1] and refs therein). We previously showed that FoBs 
define an evolutionary sequence from sintered aggregates of 
fine-grained pyroxene + spinel + melilite + forsterite, to highly 
melted and partially melt-evaporated objects [1]. However, 
unknown until now is the age relationship between FoBs and 
other – more-refractory – CAIs. Here we report high-precision, 
Al-Mg isotope internal isochron data for seven diverse [1] 
FoBs in order to address the latter question. 

The samples were analysed using the WiscSIMS Cameca 
ims 1280 ion probe (see [2] for experimental details). Only low 
Al/Mg (most <3) phases were analyzed so far: pyroxene, 
spinel, olivine, and Mg-rich melilite. Future analyses of 
anorthite and aluminous melilite are planned. 

The isochrons are generally well-defined (all but 2 have 
MSWD <1), giving initial 26Al/27Al ratios that range from 
(5.6±0.5)×10-5 in the most primitive FoB, Allende SJ101 
(within error of canonical [3]), to (4.2±0.4)×10-5 in another 
primitive Allende inclusion, ALVIN. Two Efremovka FoBs, 
E60 and E64, have (resp.) initial 26Al/27Al = (5.3±0.3)×10-5 (sl. 
higher than anorthite-based value obtained by [4]) and 
(5.0±0.3)×10-5. NWA 3118 #4N has initial 26Al/27Al = 
(4.9±0.3)×10-5. The most extensively melted and volatilized 
FoBs, Vigarano 3137 and Allende TS35-F1, have intermediate 
initial 26Al/27Al, (4.7±0.3)×10-5 and (4.6±0.2)×10-5 
respectively. Anorthite in Vigarano 3137 is completely 
disturbed [5]. 

There is no correlation between isochron slope and degree 
of melting or evaporation in the FoBs. Because the range in 
initial 26Al/27Al ratios overlaps completely with that for other 
CAIs [6], melting and re-processing of FoBs and other types of 
CAIs occurred contemporaneously and continuously, over a 
period of ~200,000 years. 
 
[1] Bullock E. S. et al (2012) MAPS, 47, 2128-2147 [2] Kita 
N. T. et al (2012) GCA 86, 37-51 [3] Jacobsen B. et al (2008) 
EPSL 272, 353-364 [4] Amelin Y. et al (2002) Science 297, 
1678-1683 [5] MacPherson G. J. and Davis A. M. (1992) 
Meteoritics 27, 253 [6] MacPherson G. J. et al (2012) EPSL 
331, 43-54 
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The concentration and binding strength of dissolved iron-
complexing organic ligands were examined using competitive 
ligand exchange-adsorptive cathodic stripping voltammetry 
with multiple analytical windows (α= 100, 60, 30) during a 9-
day incubation experiment. Iron-poor near surface water was 
collected in the southern California Current off the Point 
Conception upwelling center. Changes in the iron-binding 
ligand pool in iron-amended and control incubations were 
tracked over 6 days in the light and 3 days in darkness in 
deckboard incubators. Despite the development of a diatom-
dominated bloom in iron-amended treatments, excess iron 
ligand concentrations remained twice as high in the low-
biomass controls throughout the experiment. The strongest 
ligands (logK > 12) in the controls were measured on day 6, 
versus day 1 in iron-amended bottles. The weakest ligands 
(logK <10) and some strong ligands increased from days 6 to 9 
during the dark incubation period in the iron-amended bottles, 
concomitant with remineralization of 23% of the dissolved 
iron. Ligand production was not related to biomass growth, 
and modeling simulations suggest the microbial community is 
potentially responsible for active stronger ligand production in 
the light and passive weaker ligand production in the dark. 
High excess ligand concentrations found both in this study and 
in the water column appear to be related to high nitrate to iron 
(N:Fe) ratio water masses, a proxy for iron-limitation in many 
coastal upwelling regions. 
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The widespread implementation of energy related activities 

such as carbon storage, including enhanced oil recovery, and 
unconventional oil and gas extraction will require brine 
management strategies. Some of the organic compounds 
associated with the formations in those operations are toxic 
and hazardous, and may potentially threaten the quality of 
water resources. A risk assessment of these activities will 
require a fundamental understanding of the solubility of the 
organic compounds in the saline waters. Organic compounds, 
in the presence of salts, typically exhibit a decrease in aqueous 
solubility with increasing salt content; called the salting-out 
effect. The empirical Setschenow Equation predicts a log-
linear decrease in aqueous solubility with increasing salt 
content.  

The Setschenow Equation has been shown to be valid up to 
seawater concentrations of salts (e.g. up to 1 M NaCl). The 
Setschenow Equation has not been validated for most classes 
of petroleum hydrocarbons up to high salt concentrations 
typical of some oil and gas reservoirs. Representative 
compounds were chosen from the major classes of petroleum 
hydrocarbons found in brines to determine if the Setschenow 
Equation is valid up to 5 M NaCl, 2 M CaCl2, and mixtures of 
the two electrolytes, which is typical of oil reservoir brines. 
Setschenow constants of representative compounds were 
measured with solid-phase microextraction and analysed by 
gas chromatography coupled with a flame ionization detector. 
Results show that the Setschenow Equation is valid up to 5 M 
NaCl for certain compounds, such as thiophene, naphthalene, 
and dibenzothiophene. However, for some organic compounds 
a plateau of the Setschenow Equation was observed after 4 M 
NaCl. This occurred for benzothiophene, phenanthrene, and 
fluorene. It is hypothesized that this occurs for compounds that 
exhibit a larger salting-out effect, i.e., have a larger 
Setschenow constant.  
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We have been studying biogeochemical processes 

associated with the transition from sulfate reduction to 
methanogenesis, the sulfate-methane transition zone, or SMT, 
in the anoxic sediments of Santa Barabara Basin sediments. 
Here the SMT occurs at a sediment depth of ~1.2-1.3 m. We 
have also carried out parallel studies at another California 
Borderland site, Santa Monica Basin. However in Santa 
Monica Basin sediments the presence of extensive turbidites 
have prevented us to-date from directly sampling the SMT. 
Nonetheless, extrapolation of our pore water sulfate profiles 
suggests that here the SMT occurs at a sediment depth of ~1.8-
2 m. These two basins also differ in terms of the sources of 
methane that drive anaerobic oxidation of methane (AOM) in 
the SMT, with in situ methanogenesis being more important in 
Santa Barbara Basin sediments, and methane derived from 
external sources (i.e., relict gas hydrates) being more important 
in Santa Monica Basin sediments. In this talk we will use pore 
water concentration and isotope profiles across the SMT and 
into the deeper methanogenic sediments in Santa Barabara 
Basin sediments to examine the biogeochemical processes 
occuring in the SMT. Our discussion will focus on AOM, 
authigenic carbonate precipitation, pyrite formation, and 
enhanced organic matter reimeralization that may occur in the 
SMT. We will also compare these observations with inferences 
about SMT dynamics we obtain from basal pore water 
gradients and profiles in our Santa Monica Basin cores 
(maximum depth of penetration ~1.2 m). Similarities and 
contrasts between these two different types of anoxic 
sediments will be discussed as they relate in general to 
processes occuring in deeply-buried marine sediments. 
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The Upper Silesia Region is the polish center of industrial 

activities such as hard coal mining, power generation and 
metal industry, and thus is the most highly polluted region of 
Poland. Many sites in the region are contaminated with heavy 
metals and pose a hazard to humans and the environment. 

Fractionation of Zn, Pb and Cd, their mobility and, 
consequently, their bioavailability were determined in soils 
developed from various parent rocks (Carboniferous shale and 
sandstones, Triassic carbonates and Quaternary sands and tills) 
as well as soils at vicinity of different industrial activities (e.g. 
hard coal and Zn-Pb ore mines, iron and zinc smelters, power 
plants). 

The soil samples of anomaly concentrations of zinc, lead 
and cadmium were investigated. The samples were collected 
from two depths: topsoil (0,0–0,3 m) and subsoil (0,8–1,0 m). 
Comparison of elements concentration between topsoil and 
subsoil allows identification the source of pollution (natural or 
anthropogenic). In turn, the sequential extraction experiments 
according to BCR method showed the level of bioavailability 
and mobility of Zn, Pb and Cd. 

On the basis of received results the level of current soil 
degradation in the selected areas of Upper Silesia Region was 
estimated.  
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Water in contact with bauxite residue red mud is highly 
alkaline saline, and can contain problematic concentrations of 
trace metals such as Al, As and V. Treatment of leachates from 
red mud therefore requires some form of neutralisation prior to 
discharge.  

Leachate (pH 13) collected from Ajka, Hungary was 
neutralized to < pH 10 by HCl, gypsum, or seawater addition. 
During acid neutralization >99% Al is removed from solution 
during the formation of a boehmite-like precipitate and 
dawsonite. Some As (24%) was also removed from solution 
via surface adsorption. Gypsum addition results in the 
precipitation of calcite, both in experiments and field samples 
recovered from red mud affected rivers treated with gypsum. 
Calcite precipitation resulted in nonexchangeable removal of 
86% Al and 81% As from solution. As-EXAFS analysis of the 
calcite precipitates revealed only isolated arsenate tetrahedra 
with no evidence for surface adsorption or incorporation into 
the calcite structure, possibly a result of very rapid As 
scavenging by the calcite precipitate. Seawater neutralization 
also resulted in carbonate precipitation, with >99% Al and 
74% As removed during the formation of a hydrotalcite phase 
and via surface adsorption. Half the bound As could be 
remobilized by phosphate addition, indicating that As was 
weakly bound, possibly in the hydrotalcite interlayer. Only 
5−16% V was removed from solution during neutralization, 
demonstrating a lack of interaction with any of the neoformed 
precipitates. High V concentrations are therefore likely to be 
an intractable problem during the treatment of red mud 
leachates.  
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The Maksyutov Complex is a mid- to late Paleozoic high- 

to ultrahigh-pressure (HP-UHP) subduction terrane in the 
southern Ural Mountains of Russia. Rare occurrences of radial 
fractures around quartz inclusions in garnet, omphacite, and 
glaucophane interpreted as pseudomorphs after coesite, and 
microdiamond aggregates in garnet identified by Raman 
spectroscopy suggest that some parts of the Maksyutov 
Complex were subducted to UHP conditions (>2.8 GPa for 
coesite and >3.0 GPa for diamond at 600°C) in the Late 
Devonian. Peak UHP eclogite-facies metamorphism 
(Grt+Omp+Ph+Coe+Rt±Ttn) took place c. 385 Ma, and were 
exhumed through retrograde blueschist-facies conditions 
(Grt+Gln+Ph+Qz±Chl±Ep) by 360 Ma. In order to better 
constrain the petrotectonic evolution of the Maksyutov 
Complex, we constructed isochemical phase equilibria 
diagrams (pseudosections) for several representative 
metabasites in the system Na2O-CaO-K2O-FeO-MgO-Al2O3-
SiO2-H2O-TiO2 based on whole-rock XRF data and estimated 
effective bulk compositions. Both conventional Fe-Mg 
exchange thermometry for Grt+Cpx, and phase equilibrium 
modeling resulted in higher peak equilibrium temperatures 
than have been previously reported for the Maksyutov 
Complex. Isochemical phase diagrams yield minimum P-T 
conditions of 650-675°C and 2.4-2.6 GPa for peak 
assemblages from the least retrogressed eclogites, whereas Fe-
Mg exchange thermometry yields a temperature of 750°C ± 
25°C for a pressure of c. 2.5 GPa. Mineral chemistries in this 
thermodynamic model represent prograde metamorphism in 
the Maksyutov Complex, and conventional thermobarometry 
using garnet rim chemistries suggest they record peak T 
conditions on the retrograde exhumation path. Our modeled 
minimum peak pressure estimate is well below that required 
for coesite stability, and without further evidence of UHP 
metamorphic conditions, it will remain unclear if Maksyutov 
reached UHP depths during subduction. 
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concentrations of primary biogenic 
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Primary biological and biogenic particles (Després et al, 

2012) have been suggested to play a role in cloud process by 
acting as ice nuclei (IN) to trigger heterogeneous freezing of 
cloud droplets at warm temperatures (e.g., -5 to -15 °C). 
Furthermore, biogenic contributions to sea spray aerosol may 
substantially modify the chemical composition of nascent fine-
mode sea spray, thereby potentially affecting its cloud 
nucleating ability. However, the relevance of biogenic particles 
depends greatly on their global distribution. 

I will discuss the development of global emissions 
parameterizations for primary biogenic particles, and 
implications for aerosol-cloud interactions. Continental sources 
of primary biological particles include bacteria (Burrows et al, 
2009), fungal spores, pollen, leaf fragments, and others. 
Estimates suggest that these classes of particles play a small 
role in freezing on a global scale due to their low 
concentrations, although (Hoose et al, 2010). In the marine 
atmosphere, observations suggest that a weak ocean source of 
ice nuclei to the atmosphere may exist and may be sufficient to 
dominate the IN population sampled in the remote marine 
boundary layer, particularly over the Southern Ocean (Burrows 
et al, 2013). 

Finally, some observations indicate a relationship between 
the organic mass fraction of submicron sea spray and ocean 
chlorophyll concentrations, however, the mechanism 
underlying this relationship has not yet been described. We 
have recently developed a model of the chemical composition 
of nascent film drop aerosol based on a simplified model of 
surfactant coverage of bubbles in the ocean, combined with 
estimated oceanic distributions of various classes of organic 
molecules. Observed relationships between chlorophyll and 
fine mode sea spray organic mass can be largely explained by 
the correlation between ocean chlorophyll and ocean 
surfactants (Burrows et al., 2014 submitted). 

 
[1] Burrows, Butler, Jöckel, Tost, Kerkweg, Pöschl, and 
Lawrence (2009), Atmospheric Chemistry and Physics 9, 
9281-9297. Hoose, Kristjánsson and Burrows (2010), Environ. 
Res. Lett. 5, 024009. Després, Huffman, Burrows, Hoose, 
Safatov, Buryak, Fröhlich-Nowoisky, Elbert, Andreae, Pöschl, 
Jaenicke (2012), Tellus B, 64, 15598. Burrows, Hoose, Pöschl, 
and Lawrence (2013), Atmos. Chem. Phys., 13, 245-267. 
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The North Sea is one of the most studied coastal regions on 

the planet, yet inputs of carbon and nutrients form the 
boundaries of the system remain an area of uncertainty for both 
observational and numerical communities alike. Diagenetic 
reactions within sediments and subsequent sediment-water 
column exchange provide inputs of dissolved inorganic carbon 
(DIC), alkalinity (AT) and nutrients (NO3

-, PO4
3-) to the water 

column throughout the North Sea. In the shallow waters of the 
Wadden Sea, similar sedimentary inputs from the mudflats 
combined with freshwater inputs from the adjacent European 
landmass provide a substantial input of dissolved constituents 
into the Southern North Sea. 

This study aims to explore the biogeochemical impacts of 
such boundary exchanges in the North Sea using an extensive 
suite of water column samples collected in September, 2011. 
The dominant controls of the stable carbon isotope signature of 
DIC (δ13CDIC) are determined and isolated. This includes the 
land-based signal, which can affect the paleo records found in 
shelf sediment cores, and can be further modeled to assess the 
impacts of changing river loads on the biogeochemistry of 
coastal waters. The sediments and the coastline are also a well-
defined source of Radium isotopes (224Ra, 223Ra, 228Ra). The 
dispersion of longer-lived 228Ra into the North Sea from the 
coastline can be used to calculate the offshore transport of 
numerous carbon, nutrient and metal species. Meanwhile the 
seafloor provides the dominant source of 224Ra, thus a strong 
relationship between Ra and Alkalinity provides a signature of 
sedimentary AT release.  
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Sediment-water column exchange plays an important role 
in coastal biogeochemistry. We utilize short-lived Radium 
isotopes to understand and quantify the dominant processes 
governing sediment-water column exchange throughout the 
North Sea. Our comprehensive survey, conducted in 
September 2011, represents the first of its kind conducted in 
the North Sea, and to the best of our knowledge, in any other 
region. Two main sources regulate surface Ra distributions: 
minor coastal input from rivers and shallow mudflats, and 
underlying sediments as the dominant source. Porewaters show 
100-fold larger activities than the water column. Large Ra 
enrichments were observed in the overlying water column 
following sediment incubations, allowing us to quantify 
benthic Ra fluxes. Sediment characteristics such as porosity, 
mean grain size, and turbulence at the sediment-water 
interface, are dominant factors contributing to variability of Ra 
efflux. Ra inventory and mass-balance approaches consistently 
yield high benthic Ra effluxes in the Southern North Sea, 
driven by strong tidal and wind mixing, which in turn cause 
high sediment irrigation rates. Our results exceed incubation-
based Ra flux estimates, and the majority of previously 
reported Ra flux estimates for other regions. Ra-based 
estimates of benthic alkalinity fluxes compare well to observed 
values and the high rates of Ra efflux imply a potentially 
significant exchange of other products of sedimentary 
reactions, including oxygen, carbon and nutrient species. 
Passive tracer simulations lend strong support to the Ra source 
attribution and imply seasonal variation in the surface water Ra 
distribution depending on stratification conditions.  
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In the Appalachian coal mining regions of the U.S., several 

sites have been identified in which emergent coal mine-derived 
acid mine drainage (AMD) flows as a sheet (0.5-1 cm deep) 
over the terrestrial surface. Microbiological oxidation of 
AMD-associated Fe(II) gives rise to thick iron(III)-hydroxide 
deposits that are referred to as iron mounds. We characterized 
depth-dependent geochemical and microbiological gradients 
within the an iron mound that had accumulated to 10 cm. 
While organic carbon diminished with depth, total cell 
abundances were uniform throughout the iron mound 
sediments. Similarly, abundances of culturable aerobic Fe(II) 
oxidizing bacteria were uniform throughout the sediments 
despite depletion of O2 at a depth of approximately 3 cm. 
Culturable Fe(III) reducing bacteria (FeRB) were most 
abundant in the top 2 cm of the iron mound sediments, 
coincident with the highest Fe(II) concentrations, despite the 
presence of abundant O2. Fe(II) concentrations decreased at 
depths below approximately 2.5 cm, though it is unclear how 
Fe(II) may have been oxidized in the anoxic regions of the 
sediments. Nucleic acid based characterization of microbial 
communities at discrete depth intervals within the iron mound 
sediments revealed an abundance of phylotypes attributable to 
aerobic FeOB “Ferrovum” spp. and photosynthetic 
microeukaroytes in the upper 3 cm of iron mound sediments, 
and the relative abundances of these phylotypes were low in 
deeper portions of the iron mound. However, phylotypes 
attributable to acidophilic Gammaproteobacterial lineages 
capable of Fe(II) oxidation and Fe(III) reduction comprised at 
least 20% of sequence libraries recovered from all depths 
within the iron mound. Our results indicate that while Fe(II) 
oxidizing and Fe(III) reducing bacterial activities in iron 
mound sediments occur in close proximity to each other in 
oxic regions of the sediments, microbial activities, including 
Fe(II) oxidation, may be sustained in anoxic regions of the iron 
mound sediments. 
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The anthropogenic impacts of human population and 

industrial enterprise have become recognised as “a great force 
of Nature”[1], contributing to change at a global scale in 
biodiversity, biogochemistry, sediment flux and climate. 
Industrialisation and the rapid rise in atmospheric carbon 
dioxide is one of the measures used to mark the onset of the 
Anthropocene[1,2]. Our interest is in the interactions of 
organics with mineral systems of contemporary environments 
and related biogeochemical processes that will be evident in 
the sedimentary record, distinguishing this geological period.  

The fate and dynamics of Fe and S and their interaction 
with trace metals and organic carbon are particularly sensitive 
to the impact of humans[3,4]. Using as an example 
contemporary degraded acid sulfate coastal environments, we 
demonstrate a shift toward accumulation of ferrimegnetic 
mineral greigite and enrichment of pyrite[4], wholesale 
transformation of Fe-mineral assessmblages, the persistence of 
otherwise transient organics and iron sulfide phases, widely 
fluctauting pH and extreme porewater FeII concentrations (i.e. 
> 50mM)[4,5]. Each of these conditions leave their marks on 
the recent sediment record of coastal sediments. The question 
remains as to whether such biogeochemical processes and their 
paelo-markers are unique to the “human impact Epoch”, and 
how the paelo-record of mineral systems in earleir periods can 
help predict the geochemcial tradjectory of our changing 
environment.  

 
[1] Crutzen PJ (2002) Nature 415, 23-23 [2] Steffen W (2011) 
Ambio 40, 739-761 [3] Kraal et al (2013) GCA 122, 75-88 [4] 
Burton et al (2011) GCA 75, 3434-3451 [5] Keene et al 
Biogeochem. (2011) 103, 263-279 
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The south-west coast of India receives high rainfall (250-

350 cm) during the summer. Owing to the abundance water 
resources and development of infrastructural facilities, the 
coastal region of Mangalore around 13o N latitude became a 
centre for rapid urban growth and industrialization. The 
suppression of rainfall as a result of atmospheric pollution has 
being noticed widely in recent years. In the light of this 
consequence, monsoon rainfall of Mangalore has been 
sampled, filtered and measured for trace elemental 
concentrations by ICP MS. The rainwater is generally enriched 
with Na+, Cl-, and NO3

-, sea-salt and non-sea-salt Ca2+, Mg2+, 
K+, SO4

2-, but strongly depleted by H+ as compared to high 
rainfall regions of the tropics, suggesting the potential input of 
sea-salt and mineral aerosol. The pH of rainwater is marginally 
lower when compared to most of Background Air Pollution 
Monitoring Network (BAPMoN) stations and other major 
cities of India implying that the study area is sensitive to acid 
deposition. Compared to average shale, trace elements 
measured in the particulate phase of the rain water are 
anomalously enriched by Ba, V, Cr and Co by factors 30-150, 
Cu and Ni by 400-450, and 1500-2000 (Zn, Ag, Cd and Pb), 
suggesting the impact of anthropogenic inputs from Mangalore 
Chemicals and Fertilizers Ltd. (MCF), Kudremukh Iron Ore 
Company Ltd. for manufacturing the iron pellets (KIOCL), 
steel smelters, Mangalore Refinery and Petrochemicals Ltd. 
(MRPL) as well as many other small scale industries. R-mode 
factor analyses of the trace elemental data suggests that the 
sea-salt aerosol, mineral component of local and long-range 
transported particles together with particles from 
anthropogenic origin are major controlling factors of the 
distribution of trace elements. The insignificant relationships 
of volatile trace elements with those representing crustal origin 
indicates the dominance of anthropogenic activity over natural 
processes. 
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The critical zone is a heterogeneous system where local 
hotspots of activity dominate many processes but critically 
impact functions in other parts of the system. Here we compare 
weathering rates and mechanisms at hotspots in the humid, 
tropical Luquillo Critical Zone Observatory in Puerto Rico to 
watershed- and regolith profile-integrated rates and the 
mechanisms interpreted from them. 

Micro-scale analysis of weathering profiles across rinds 
developed on the surfaces and fractures of andesitic 
volcaniclastic corestones embedded within thick (37+ m in 
some areas) regolith document dramatic mass losses and 
mineralogical transformations across core-rind boundaries. 
Although weathering rinds make up a much smaller volume of 
the watershed than the regolith, they represent hotspots of mass 
transfer. For example, ca. 40% of protolith Mg is lost over ca. 
3 mm of weathering rind, reflecting significantly more and 
faster weathering than the final 20% of protolith Mg, which is 
lost over 8 m of regolith in one ridgetop profile.  

Furthermore, these two weathering profile types (rind and 
regolith) reflect different weathering mechanisms: in fractured 
subsurface rocks, minor sulfide and sulfate phases are 
associated with early weathering of silicate minerals, reflecting 
a weathering mechanism involving sulfuric acid, whereas 
carbonic acid weathers minerals in the regolith, with help from 
organic acids in the surficial layers. In the regolith, chlorite, 
plagioclase and clays weather whereas in the hotspots, 
pyroxenes and other minerals also contribute to weathering 
fluxes. Regolith formation and silicate weathering exports 
from the watershed are controlled by weathering at these deep 
critical zone hotspots. 

In addition to the deep hotspots signified by weathering 
rinds, another weathering hotspot occurs at the soil-saprolite 
transition in the shallow critical zone. In the LCZO, this 
transition (at ca. 1-2 m depth) marks a decoupling of surficial 
mineral nutrient cycles from deep cycles. Here fluctuating 
redox conditions affect secondary phases (Fe(III)-hydroxides 
and microcrystalline disordered clays) that are largely stable 
elsewere in the regolith, creating local isotopic excursions and 
leading to dramatic changes in the microbial community [1] 
and oxygen partial pressures below about 2 m depth.  

 
[1] Liermann et al Subm. to Geomicrobiol. J.  
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Intra-oceanic arcs that are far removed from large 

continental masses are considered ideal sites to study growth 
of new continental crust, as most arc crust additions are 
thought to derive from magmas sourced from the underlying 
subduction-modified mantle, rather than any pre-existing crust. 
Here, we report new geochemical and geochronological data 
on igneous rocks of the Western Belt of the Vanuatu intra-
oceanic arc. Ar-Ar dating of hornblende from hornblende 
andesites and U-Pb dating of igneous zircon from a tonalite 
place formation of these rocks in the late Eocene to Miocene. 
In most respects, these are typical arc igneous rocks, except 
they contain inherited zircon grains with significant age 
populations at ca. 2.8-2.5 Ga, 2.0-1.8 Ga, 1.75-1.5 Ga, 850-700 
Ma, 530-430 Ma and 330-220 Ma. This inheritance signature 
is unlike anything recognized from the oceanic realm of the 
southwest Pacific, but in general does match the age of the 
major crustal blocks of the Australian continent. An exception 
is the significant proportion (~20%) of zircons of Rodinia 
breakup age (~800 Ma), which previously has not been found 
in eastern Australia or the southwest Pacific.  

We propose that part of the Vanuatu arc basement 
comprises continental material transported 1000s of kms from 
northern Australia prior to the late Eocene. The presence of 
ancient continental material within the Vanuatu island arc may 
help reconcile the relatively large thickness and low density of 
the crust of Vanuatu, and provides an alternative source for the 
crustal trace element and isotopic signature of island-arc 
magmas. In particular it may help explain the anomalous 
composition of lavas from central Vanuatu that have 
previously been attributed to inflow of Indian-MORB mantle 
beneath the arc [1]. 

 
[1] Peate, Pearce, Hawkesworth, Colley, Edwards & Hirose 
(1997), Journal of Petrology 38, 1331-1358 
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CryMinal created for simulation of mafic magmas 

equilibrium Crystallization using sum of Minals (end-
members) mole fractions as target function. Concentrations of 
minals in the minerals are calculated using equilibrium 
constants. As an example, here is the equation for enstatite 
MgSiO3 (En) minal: 

 
ХEn=exp((A+βP)/T+B+DlgfO2+ΣJiXi+lnα٭MgO+lnα٭SiO2), 
 
where ХEn is the value of the enstatite mole fraction, Р is 

the pressure in kb, Т is the absolute temperature in Kelvins, fO2 
is the oxygen fugacity, Xi is the mole fraction of i-th 
component of the melt. А, β, C, D, E, F, and Ji are the 
coefficients for corresponding variables, В is the constant, a٭– 
аctivity of the initial components in the melt according to 
network modifiers - network formers model of silicate melt. 

The figure shows the comparison of calculated and 
experimental liquidus temperature (TL). In experimental series, 
we see a deviation from the monotonous increase of TL with 
increasing pressure. In the calculations, these deviations are 
reproduced by changes fO2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P-T diagram for liquidus relations in experimental series: A – 
[1]; B – [2]; C – [3]; D – [4]. 

 
[1] Bender et al (1978), Earth and Planet. Sci. Lett. 41, 277-
302 [2] Takahahshi et al (1998), Earth and Planet. Sci. Lett. 
162, 63-80 [3] Falloon et al (1999), J. Petrol., 40, 255-277 [4] 
Thy, (1991), Lithos, 26, 223-243 
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Iron is essential for microbial life with different oxidation 
states used by some microorganisms as an electron source or 
by others as a terminal electron acceptor. The phototrophic 
Fe(II)-oxidizer Rhodopseudomonas palustris strain TIE-1 uses 
energy from light and electrons from ferrous Fe(II) for growth 
and respiration, whilst Geobacter sulfurreducens combines the 
oxidation of organic compounds or hydrogen with the 
reduction of ferric Fe(III). Magnetite (Fe3O4) is a mixed valent 
iron oxide that is ubiquitous in the environment. As such, its 
interaction with microbes could be expected to be 
commonplace however, often the iron within this highly 
crystalline mineral is not considered to be bioavailable. 
Instead, iron is almost exclusively observed to be accessible to 
the bacteria as aqueous Fe(II) or in poorly crystalline Fe(III) 
(oxyhydr)oxides such as ferrihydrite.  

This study demonstrates how iron metabolizing bacteria 
are able to induce changes in the magnetization, mineralogy 
and Fe redox stoichiometry of magnetite nanoparticles, and 
thereby demonstrate that microbial interactions with magnetite 
are important processes in the natural iron cycle. Through the 
use of different analytical methods, we show that the Fe(II)-
oxidizers are capable of directly oxidizing the surface of 
magnetite nanoparticles. This effect occurs with magnetite as 
the sole electron donor and significantly decreases the in-situ 
magnetic susceptibility and stoichiometry. The addition of 
Fe(III)-reducing bacteria reverses this process, leading to an 
increase in the stoichiometry and an enhancement of the 
magnetic susceptibility of the nanoparticles. Significantly, this 
process can be repeated over several cycles using the same 
magnetite.  

These results demonstrate that iron ions bound at the 
surface of crystalline minerals such as magnetite are 
bioavailable for microbial respiration and can potentially be 
used as a source of iron in reducing or oxidizing conditions, 
with the possibility of cycling the surface redox properties 
depending on the conditions present. Such modifications may 
provide a route towards enhancing remediation strategies that 
are based on the highly reactive surface of magnetite. These 
effects may also have implications on paleomagnetic 
measurements in microbially active environments. 
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Measurements of decay products of extinct radionuclides 

indicate their presence in the early solar system. Among those 
hypothesized to be present at the time of CAI includsion are 
10Be, 26Al, 36Cl, 41Ca, and 53Mn. The provenance of these 
radionuclides has been a topic of considerable debate. Potential 
sources are stellar sources and energetic particle interations. 
Be-10 is noteworthy among these radionuclides since it is not 
formed through stellar nucleosynthesis [1]. 

Nishiizumi and Caffee [2] demonstrated the presence in 
lunar surface materials of live 10Be, unequivocally associated 
with the surface layers in grains. This 10Be, produced by 
energetic protons from O in the solar atmosphere, is entrained 
in the solar wind and implanted on the surfaces of exposed 
mineral grains.  

Based on these observations on the lunar surface Bricker 
and Caffee [3] proposed that 10Be entrained in the solar wind 
could likewise be incorporated into calcium-aluminum 
inclusions at the time of their formation. To test the viability of 
this model Bricker and Caffee used the 10Be data of McKeegan 
et al. [4], who measured the 10Be/9Be ratio in CAIs, using 10B 
as a proxy for 10Be. Using 10Be fluxes and mass inflow rates 
considered reasonable for the early solar system Bricker and 
Caffee [3] were able to produce 10Be/9Be ratios similar to those 
measured by McKeegan et al [4].  

We have now extended this model to other radionuclides 
known to be present in the early solar system. Our model is 
broadly consistent with measurements of 7Be, 41Ca, and 53Mn. 
Our model cannot account for the 26Al found in the early solar 
system. This model makes specific predictions about 
radionuclide production and mass inflow rates. The model, the 
correspondence with measurements, and the specific 
requirements needed for this model will be discussed. 

 
[1] Marhas and Goswami (2004) New Astron. Rev. 48, 139-144 
[2] Nishiizumi and Caffee (2001) Science 294, 352-354 [3] 
Bricker and Caffee (2010) Astro. J. 725, 443-449 [4] 
McKeegan et al (2000) Science, 2898, 1334-1337 
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We have used synchrotron-induced x-ray fluorescence (S-

XRF) to make a model independent comparison of a 
Murchison fragment to Sutter’s Mill 51, showing that for 34 
major and trace elements, the two samples are statistically 
equivalent, with SM51/MUR = 1.05 ± 0.06.  

In April, 2012, UC Davis participated in a consortium 
study to analyze meteorite fragment Sutter’s Mill 51 (SM51)1. 
A fragment of the Murchison meteorite was provided for 
comparison and quality assurance goals2. They were both 
analyzed S-XRF3 using 38 keV mono-energetic polarized x-
rays of our x-ray 0.5 mm milli-probe at beam line 2.2 of the 
Stanford Synchrotron Radiation Lightsource (SSRL), SLAC. 
This method is fully non-destructive, requires no sample 
preparation beyond cleaning, is fast (a few hours for all 11 
SM51/Murchison analyses), and can handle samples of large 
size. The same Sutter’s Mill fragment was also analyzed by 
standard XRF at Lawrence Livermore NL (LLNL) and by 
High Resolution Inductively Couple Plasma- Mass 
Spectroscopy (HR ICP/MS) at UC Davis. The x-ray spectra 
were examined for elements from silicon to barium, and then 
tantalum through uranium. Of the 52 elements examined, 34 
had statistically sound results.  

In order to establish quality assurance, a comparison was 
made of 9 major elements and the 10 least prevalent trace 
elements seen by both S-XRF and HR ICP-MS. The standard 
deviation of the ratio for the 9 major elements, S-XRF to 
LLNL XRF, was 0.11, and for S-XRF to HR ICP/MS, 0.022. 
For the 10 least prevalent trace elements, ranging from Ta 
(0.02 ppm) through In, Tl, Ce, Sb, Pd, Te, Pb, Y to Sr (10.8 
ppm), XRF lacked sensitivity, but the standard deviation of the 
ratios of S-XRF to HR ICP-MS was 0.051.  

Using this technique, the comparison between the 
Murchison fragments with SM 51 is striking, with a ratio of 
1.05 ± 0.06 for 34 elements ranging in concentrations between 
22% (Fe) and 20 ppb (Ta). In summary, the results showed that 
the Sutter’s Mill meteorite was statistically identical to a 
Murchison fragment. 

 
[1] Jenniskens et al Science 338, 1583 (2012), [2] P. G. Brown 
et al Science 290, 320 (2000), [3] S.R. Barberie et al Nucl. 
Instrum. Meth. Phys. Res. A: 729, 930 (2013). 
 



 Goldschmidt2014 Abstracts  

 

323 

323 

The discovery and significance of the 
1.84 Ga alkaline syenite in the 
southern margin of the NCC  

J. H. CAI1*, G. H. YAN2, X. Y. LIU1, K. X. REN2, 
C. X. LIU2, B. YANG2 AND F. T. LI2 

1Institute of Mineral Resources, Chinese Academy of 
Geological Sciences, Beijing 100037, China 
(*correspondence: caijih_cags@163.com) 

2School of Earth and Space Sciences, Peking University, 
Beijing 100871, China (yanguohan@163.com) 

 
1.85-1.60 Ga is the early stage of steady development for 

the cover of the North China Craton (NCC), when the most 
important tectonic movment of the Craton is extension and 
breakup which leads to relatively large-scale extensional 
magmatism (such as alkaline rocks, diabase dykes, rapakivi 
granites, bimodal volcanic rocks and A-type granites etc.) and 
some aulacogens [1].  

The 1.84 Ga Jialu aegirine syenite mass in the 
southwestern margin of the Xiong’er – Zhongtiao trigeminal 
aulacogen is the oldest alkaline intrusive body discovered in 
the southern margin of the NNC for the first time (figure 1). 
Study on the ancient alkaline syenite is of great theoretical and 
practical to discuss the questions about the Paleoproterozoic 
geotectonic evolution of the NCC and the breakup and 
reconstruction of Columbia supercontinent.  
 
 
 
 
 
 
 
 
 
Figure 1: Shrimp U-Pb concordia diagram of zircon in Jialu 
aegirine syenite in Luonan county of Shanxi province, China 

 
In the northern margin of the Xiong’er –Zhongtiao 

aulacogen there still are 1.84 Ga bimodal volcanics of 
Xiyanghe group[2]. It is suggested that this aulacogen began to 
stretch and breakup from 1.84 Ga. The 1.84 Ga probably 
represents the upper limit time of the Lüliang movment in the 
NCC and the collision of eastern and western North China 
block, is also the lower limit of formation time of Xiong’er 
group. 
 
[1] Yan et al (2007) Geol. Jour. Of Chin. Uni. 13 (2), 161-174 
[2] Zhao et al (2004) Chin. Sci. Bul. 49 (22), 2342-2349 
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More disordered than nanomaterials, glasses and melts 

have benefited from molecular scale approaches, which 
provided a deeper knowledge of their structural organization 
and have given potential tools to predict glass/melt properties. 
We will summarize structural data obtained by  
structural (EXAFS, neutron and X-ray diffraction), 
spectroscopic (XANES, UV-visible, EPR…) and numerical 
modeling/simulation approaches, with an emphasis on the 
surrounding of cations, sensitive witnesses of the chemical 
diversity of these materials. 

These approaches have given rise to dramatic progresses in 
the understanding of the structural properties of glasses and 
melts: existence of "exotic" coordination sites and of some 
medium range order, heterogeneous distribution of cations, 
etc… Recent in-situ data at high temperature provide a 
quantification of the thermal expansion of cation sites and 
illustrate structural modifications between glasses and melts. 
All these data show that bond valence rules and the principles 
governing mineral crystal chemistry are also acting in glasses 
and melts, emphasizing the interdependence between their 
local structural organization and the chemical state of 
glass/melt components. 

Many structure-property relationships have been found in 
glasses, within a broad range of fields: crystalline nucleation, 
mineral activity in silicate melts, glass coloration, including 
that of historical glasses and the cultural heritage, or the 
prediction of the stability of nuclear waste glasses under 
forcing conditions (irradiation, alteration…). Glasses and 
melts, once referred to only as amorphous, show indeed a large 
diversity of their structural organization and of their properties. 
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Carbonate clumped isotope thermometry relies on the 

temperature-dependent extent of bounding of 13C-18O within 
CO3

2- ion groups in solid carbonate minerals. The measure of 
the abundance of 13C18O16O2

2- ion groups cannot be performed 
on the carbonate mineral itself and requires the analysis of CO2 
extracted from phosphoric acid digestion (expressed as ∆47, 
i.e., the excess of 13C-18O bonds in extracted CO2 relative to a 
random distribution). Theoretical studies predict variations in 
the degree of 13C-18O clumping within the mineral lattice [1] 
and small but analytically resolvable difference in ∆47 
measured from CO2 extracted from various types of carbonates 
equilibrated at a given temperature [2]. In contrast, published 
calibrations of the dependence of Δ47 to growth temperature for 
various synthetic and natural biogenic and inorganic minerals 
(calcite, aragonite and carbonate-apatites [3]) show 
indistinguishable difference among different types 
investigated. However, some coexisting carbonate minerals 
supposed to have grown or re-equilibrate at the same 
temperature show different ∆47 values [4].  

We present here results from a series of experiments on 
natural carbonates as well as on carbonates for which their 13C-
18O bonds distribution have been experimentally driven to a 
stochastic distribution at very high temperatures (with a piston 
cylinder apparatus imposing required pressure-temperature 
fields). These results allow to experimentally determine that, 
for a given temperature of acid digestion, the isotope 
fractionation factor associated with phosphoric acid digestion 
of calcites, dolomites and aragonites are identical within 
uncertainties.  

This study is relevant for key issues related to the use of 
Δ47, and in particular in refining application of the Δ47 
thermometry to the variety of carbonate minerals found in the 
geological record. 

 
[1] Schauble et al (2006), GCA 70, 2510-2529 [2] Guo et al 
(2009), GCA 73, 7203-7225 [3] Eiler (2011), Quaternary 
Science Reviews 30, 3575-3588 [4] Bonifacie et al (2013), 
Mineralogical Magazine, 77, 735 
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Magmatic rocks in the Greenwater Range vary in age from 
~10 to 4 Ma and comprise several cogenetic plutonic-volcanic 
assemblages. In the southern part of the range, the Shoshone 
(9.7Ma), Miller Spring (9.5Ma), and Deadman’s Pass 
(10.6Ma) plutons intrude or are overlain by Shoshone 
Volcanics (9.7-7.8 Ma). Major and trace element geochemistry 
as well as Nd and Sr isotopes indicate that the plutons are 
cogenetic with the volcanic section (Calzia and Rämö, this 
session). These rocks defined a negative isostatic gravity 
anomaly suggesting that a larger pluton or plutonic complex 
resides in the shallow crust, and that the Shoshone, Miller 
Spring and Deadman’s Pass plutons are stocks related to a 
larger batholith. 

In the northern Greenwater Range a bimodal suite 
(rhyolite-basalt) of the Funeral Formation (4.9-4.0 Ma) forms 
the second cogenetic suite (Smith et al this session). 4.9Ma 
rhyolite originated by partial melting of Mesozoic crust and 
may represent the surface expression of shallow granitic 
pluton. 4.0Ma basalt originated in the asthenosphere and forms 
a field of monogenetic volcanoes partially surrounding rhyolite 
exposures. The 8.6-6.7 Ma Greenwater Volcanics comprise a 
third magmatic assemblage but were not studied for this report. 

Crustal extension in the Greenwater Range continued from 
ca 10 Ma to pre- or early-Greenwater Volcanics time. The 
Shoshone Volcanics are cut by numerous listric normal faults 
and are unconformably overlain by the 8.6-7.9 Ma dacite of 
Brown’s Peak. The dacite as well as the Greenwater and 
Funeral Volcanics are tilted to the east (dips decrease 
upsection) and cut by high-angle normal faults, but are not 
nearly as extended as older magmatic rocks in the Greenwater 
Range. 
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The 9.76Ma Shoshone Pluton intrudes the 9.74Ma 

Shoshone Volcanics at the southern end of the Greenwater 
Range. The Shoshone pluton consists of monzogranite (MG) 
and cogenetic monzodiorite (MD). MG is subalkalic, straddles 
the metaluminous-peraluminous boundary, and is strongly 
enriched in LREE (chondrite normalized La/Yb=15.9±6.1). 
REE patterns are characterized by subtle negative Eu 
anomalies and almost flat HREE. The MD includes Ne-
normative monzodiorite, quartz monzodiorite, and 
monzogranite. Although most MD samples are subalkaline, 
Ne-normative MDs are alkaline. A/CNK ratios vary from 0.77 
to 1, normalized La/Yb average 16.3±0.3, and REE patterns 
are characterized by flat to negative Eu anomalies. 

The Shoshone Volcanics consist of lithic-rich tuff, 
vitrophyres, and andesite flows. The vitrophyres are high silica 
(40-55 percent normative Q relative to feldspars) subalkaline 
rhyolites; A/CNK ratios and REE patterns are similar to MG. 

εNd values and the geochemical data define a mixing line 
between the Ne-normative MD and MG + vitrophyres. εNd of 
the MD range from -2.3 to -6.3 (SiO2 from 54.9 to 67.2 wt 
percent, respectively); εNd of MG range from -6.6 to -7.2 (SiO2 
from 70.5 to 72.3 wt percent). Initial Sr isotopic ratios vary 
from 0.7072 to 0.7082 and 0.7080 to 0.7095 for Si-poor to Si-
rich MD and MG, respectively. Comparison of these data with 
regional geochemical and isotopic data suggest that MD and 
MG magmas were derived from heterogeneous lower crust and 
subcontinental mantle source rocks during Neogene extension 
of the Greenwater Range. 
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Introduction 
A test site for a prospective CO2 geological storage is 

situated in Hontomín (northern Spain) with a reservoir rock 
that is mainly composed of limestone. During and after CO2 
injection, the resulting CO2-rich acid brine will likely promote 
the dissolution of carbonate minerals (calcite and dolomite) 
and, since the reservoir brine contains sulfate, gypsum (or 
anhydrite at depth) may precipitate. 

Methodology 
Column experiments filled with crushed limestone or 
dolostone rock fragments were conducted at different P-pCO2 
conditions (atmospheric: 1-10-3.5 bar; subcritical: 10-10 bar; 
and supercritical: 150-34 bar), T (25, 40 and 60 ºC) and input 
solution compositions (gypsum undersaturated and gypsum 
equilibrated solutions). We evaluated the effect that these 
parameters exert on the coupled reactions of calcite/dolomite 
dissolution and gypsum/anhydrite precipitation. The 
CrunchFlow and PhreeqC (v.3) numerical codes were used to 
perform reactive transport simulations of the experiments. 

Results and discussion 
In the range of P-pCO2 and T of this study only gypsum 

precipitation took place (no anhydrite was detected) and it only 
occurred if the injected solution was equilibrated with respect 
to gypsum. Comparing the two reservoir rock reactivities, 
limestone dissolution induced late gypsum precipitation (long 
induction time), in contrast to dolostone dissolution that 
promoted fast gypsum precipitation. A decrease in T favored 
limestone dissolution regardless of pCO2. However, gypsum 
precipitation was favored at high T and atmospheric pCO2 
conditions and unfavored at high T and 10 bar of pCO2. The 
1D reactive transport simulations reproduced the experimental 
data (carbonate dissolution and gypsum precipitation for 
different P-pCO2-T). Reactive surface area was used to fit the 
models to the experimental data. It was inferred that reactive 
surface area values were much smaller than the calculated 
geometric areas. 
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Building on previous work1, we evaluated how 

modifications to dissolved organic matter (DOM) 
structure/reactivity impact Hg methylation under conditions 
favorable for metacinnabar (β-HgS(s)) precipitation. In a first 
set of experiments, we isolated DOM from shallow 
groundwaters of a forested coastal plain watershed, and 
conducted washed-cell Hg methylation assays with 
Desulfovibrio desulfuricans ND132. Groundwater extracted 
from an ephemeral stream channel was more sulfidic (~5 vs. < 
0.3 µM) and enriched in aromatic DOM compared to 
groundwater extracted only a few meters upgradient. In Hg-
methylation assays with 10 mg C/L of DOM, 1 nM 201HgCl2, 
and 2.7±0.2 µM sulfide, we found that DOM addition 
increased the % Hg methylated from 0.84% to 4.8% for the 
DOM from the upgradient well and to 15.7% for the in-
channel well.  

In a second set of experiments, we directly evaluated the 
effect of DOM sulfidization (sulfide substitution onto DOM 
moieties) on Hg-S-DOM bioavailability. SuwanneeRiver 
Humic Acid (SRHA) was reacted with Na2S at pH 5.0 for 24 h 
at S(-II)/C molar ratios ranging from 0—0.050 and MeHg 
production monitored in assays with 10 mg C/L of sulfidized 
SRHA. MeHg production increased linearly from 15.7% to 
32.0% over S(-II)/C molar ratios of 0—0.025, but leveled off 
at higher S(-II)/C ratios, consistent with a limited quantity of 
electrophilic C centers for sulfur incorporation into the DOM. 
These results suggest that interactions between DOM thiols 
and HgS are important in governing nanoscale HgS 
bioavailability for methylation. We hypothesize that micro-
environments elevated in aromatic, highly sulfidized DOM 
may be important zones of Hg methylation in the environment.  
 
[1] Graham, A.M., Aiken, G.R. & Gilmour, C.C. (2013), 
Environ. Sci. Technol. 47, 5746-5754 
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The cores of Earth and the other terrestrial planets are 

composed of iron alloys with light elements such as O, S, Si, 
and/or C, and therefore the phase relations of these iron-rich 
systems are essential to understanding the structure, 
composition, and evolution of planetary cores. Binary Fe-X 
phase diagrams are largely established up to approximately 
Earth's core-mantle boundary pressures at least, but the 
relevant ternary and higher order phase equilibria are less well 
understood. Here we present phase relations, including 
melting, on the Fe–O–S system that may be important to 
planetary cores, including Earth's. We performed synchrotron 
X-ray diffraction experiments to monitor the phases present in 
Fe:FeO:FeS mixtures to >60 GPa. The onset of melting was 
determined by the appearance of diffuse scattering in the X-ray 
diffraction patterns. For Fe-rich compositions with a 1:1 
FeO:FeS ratio, FeO diffraction peaks vanished upon melting 
and those from Fe3S persisted, indicating that the high pressure 
eutectic lies on the FeO-rich side of this composition. Melting 
in the Fe–O–S compositions studied occurs at temperatures 
indistinguishable (within ~100 K) from the Fe–Fe3S eutectic 
melting curve [1]. Building upon earlier work on the binary 
melting behavior (e.g., [1–3]), these results help define the 
ternary Fe–FeO–FeS system under P,T conditions relevant to 
terrestrial planetary cores. Compared to the melting curve of 
pure Fe, the melting point depression at lower mantle / outer 
core pressures can vary widely depending on whether the 
dominant light element is sulfur (1200–1300 K) [1], oxygen 
(400–500 K) [2], or silicon (300–500 K) [3]. Consequently, the 
uncertainty in the light element composition of the outer core 
alone presents an uncertainty of approximately ±500 K to the 
geotherm in the core. 

 
[1] Kamada et al (2012) Earth Planet. Sci. Lett. 359-360, 26–
33 [3] Seagle et al (2008) Earth Planet. Sci. Lett. 265, 655–
665 [4] Fischer et al (2013) Earth Planet. Sci. Lett. 373, 54–64 
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A pipeline at the Iron Mountain Mine (near Redding, CA, 
USA) carrying acid mine drainage (AMD) from a mine portal 
to a water treatment plant develops precipitate, or “scale,” that 
causes occasional spillage and requires recurring, costly clean-
out. The AMD water has low pH (~2.7), elevated 
concentrations of iron and sulfate from pyrite weathering, and 
substantial concentrations of associated trace elements. Scale 
and water samples were collected from four points along a 3.4 
km reach of the pipeline to characterize spatial variation in 
biogeochemistry.  

The mineralogy and microbial community (16S rRNA 
analysis of bacteria and archaea) of the scale were 
characterized. The scale was primarily schwertmannite 
(nominally Fe8O8(OH)6SO4) with minor amounts of goethite 
(FeOOH) and jarosite (KFe3(SO4)2(OH)6). The scale hosted a 
diverse group of acidophilic microorganisms, including several 
types of known Fe(II)-oxidizing microbes, and laboratory 
experiments confirmed that the scale is the result of microbial 
Fe(II) oxidation. 

Although the bulk mineralogy was consistent throughout 
the pipeline, there were significant differences in bulk 
morphology and trace element content. The upstream samples 
were less consolidated and had higher biomass content than the 
downstream samples. There was enrichment in oxyanion-
forming elements (As, Mo, Sb, Se), metals (Al, Cd, Co, Cu, 
Ga, Mn, Ni, Pb, Zn), and certain rare earth elements (REE: La, 
Nd, Eu, Gd, Pr, Sm, Tb, Tl) in the upstream scale samples. 
Generally, REE were low (<1 ppm) but measureable, 
consistent with the tendency for REE to not adsorb strongly at 
low pH. Conversely, oxyanions adsorb strongly onto 
schwertmannite at low pH, which accounts for elevated As 
(100-200 ppm), Mo, Se, and Sb (2-20ppm). Structural 
incorporation of metals and/or association with biomass may 
also be occurring. The partitioning of trace elements may also 
be dependent on the hydrology and rate of microbial iron 
oxidation, as scale morphology appears to play a role in metal 
and oxyanion-forming element accumulation. 
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Gadolinium is used since 1988 as a contrast agent in 
resonance magnetic imaging (RMI) medical exams. Free 
gadolinium is toxic, so highly soluble and stable synthetic Gd-
chelates are administered to patients. The Gd-chelates excreted 
in the urine remain dissolved during the regular sewage 
treatment, becoming enriched in the effluents discharged in the 
drainage system. As a result, many authors reported Gd 
anomalies in river water and also in shallow groundwater. Gd 
anomalies are usually identified by means of semi-log plots of 
rare earth elements (REE) data normalized to a reference (e.g. 
PAAS). 

We studied samples from Atibaia River and Anhumas 
Creek, in São Paulo state, Brazil. River water samples were 
filtered through 0.22 µm membranes. Major ions were 
measured by ion chromatography and acidified samples were 
used to determine 42 trace elements by ICP-MS, either directly 
or after a pre-concentration step (REE). The particulate matter 
retained during filtration was also analysed, after acid 
digestion. 

The results obtained for Gd in water samples ranged 
between 4.01 and 70.1 ng/L. A correlation matrix was 
calculated with all analytical data. The naturally occurring 
REE form a coherent group and very high correlation 
coefficients (near 1) were obtained as expected. However, Gd 
results showed very low correlation with respect to the other 
REE (0 to 0.36), when all samples are considered. The 
correlation plots of Gd showed both points with a clear trend 
and scattered data. These last corresponded to the same 
samples that exhibited Gd anomalies in the REE normalized 
plots. The trend in the plot represents the natural occurrence of 
Gd while the samples with anomalous Gd content could be 
identified without normalizing the REE results. Furthermore, 
the results of Gd showed high correlations with the results of 
other soluble constituents like Na+, K+, SO4

2–, PO4
3–, HCO3

–, 
NH4

+, and electrical conductivity. The correlation matrix 
calculated with the results obtained from the particulate matter 
data resulted in Gd behaving coherently with the other 
elements of the REE group. As a whole, such results confirm 
that the anomalous Gd is present in the truly dissolved fraction 
of the studied water samples. 
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We measured concentrations of Hg in igneous rocks to 
estimate its crustal and mantle abundances and help constrain 
its distribution and behavior during Earth differentiation. 
Seventy-eight samples from an arc crustal plutonic section and 
from various mantle peridotites (massifs and xenoliths) were 
analyzed using a Lumex RA-915+. The abundance of Hg 
correlates with S and Cu but no other element indicative of 
differentiation. We find Hg is heterogeneously distributed in 
the samples and shows a nugget effect, suggesting it is 
concentrated in trace phases, likely sulfides. Data on larger 
samples show crustal abundances from 0.9 - 8 ppb, and 0.2 - 4 
ppb for mantle peridotites. We obtain a bulk crust estimate of ~ 
2 ppb Hg, a factor of 10 lower than previous estimates, but 
higher than any anhydrous peridotite residues of partial 
melting (< 1 ppb). Using partial melting trends, we estimate 
0.5 ppb Hg for primitive upper mantle (PUM). If the 
commonly reported chondritic abundance of 310 ppb Hg is 
assumed, the low Hg in the crust and mantle requires 99% of 
the Hg is lost during accretion and/or to the core. If a more 
conservative chondrite abundance of 30 ppb is assumed - such 
as in Allende, and more consistent with the condensation 
temperature of Hg - the measured abundances observed in 
crustal and mantle rocks are explained with Hg having the 
identical behaviour or distribution as either Se or S during 
accretion 
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Characterizing and constraining the composition, fluxes, 

and residence times of organic matter (OM) at the land-ocean 
interface is important for understanding biogeochemical 
processes and predicting oceanic responses to changes in 
atmospheric CO2. Previous 14C studies of biochemical classes 
of DOC and POC have generally shown that carbohydrate and 
protein derive from CO2

 that has been recently fixed (i.e., 
modern in age), while the lipid fraction is the most highly aged 
(~103-104 yrs BP) component. To better understand the highly 
aged signatures of lipid, we examined the lipid composition 
and 14C age of lipids associated with particulate OM (POM, > 
0.7 µm) and ultrafiltered dissolved OM (UDOM, 1kDa – 0.1 
µm) along the salinity gradient of a representative temperate 
estuary, Delaware River and Bay.  

Overall, ∆14C values for neutral total lipid extracts (TLE) 
were more depleted (i.e., had “older” radiocarbon ages) than 
polar TLE. Radiocarbon ages for neutral TLEPOM were younger 
than neutral TLEUDOM by approximately 10,000 YB while polar 
TLEPOM and polar TLEUDOM were similar in age. Along the 
estuary, radiocarbon ages of TLE indicate two regions where 
“aged” lipid enters the Delaware system: (1) the Delaware 
River and (2) a location downstream of the ETM and upstream 
of the chl max region. An isotopic mixing model for δ13C and 
∆14C values for POC suggests that “young” POC may be 
removed in the ETM through respiration or burial, or that 
“older” carbon is added in this region of the estuary. 
Compound specific radiocarbon analysis of fatty acids (FA) 
showed that the ages of terrestrial and aquatic FA change along 
the estuary with long-chain FA (soils, vascular plants) getting 
older and short-chain FA (microbial sources) becoming 
younger down the estuary.  

This study showed different environmental factors 
influenced the source and age composition of lipid with the 
Delaware estuary. However, within-estuary processes could 
not explain the highly aged signatures of lipid suggesting that 
external sources from the watershed are the likely control. 
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Etiope and Malmqvist proposed that ascending gas may 

flow through fractures and matter were transported by 
ascending gas bubbles[1,2]. But, it is still not very clear how 
does the particles carried by ascending gas migrate from the 
deep concealed ore bodies to the Earth's surface. In our work, 
the particles carried by ascending gas in fractures of ore bodies 
in different depths beneath the surface in the Dongshengmiao 
polymetallic pyrite deposit, Inner Mongolia, China were 
sampled using two kinds of ways. One way was that devices 
were embedded in deep fractures. The particles were sampled 
by the devices in which ascending gas naturally flow through 
the sampling plate. Another way was that particles were 
sampled by a vacuum pump pumping the ascending gas in 
fractures through the sampling plate. The particle samples 
were analyzed using a Tecnai G2 F30 S-TWIN transmission 
electron microscopy.  

It was found that there were nano-scale or nearly nano-
scale metal sulphate and oxide particles in ascending gas in 
fractures of the deep ore bodies. It is the first discovery of 
metal particles in ascending gas in fractures of deep ore deposit. 
The particles have single particle and aggregation composed of 
many particles with crystalline substance or amorphous 
substance. They have chemical compositions such as Pb, Cu, 
Fe, S, O, which were generally consistent with those of the 
concealed ore bodies. This shows that the particles are related 
to the concealed orebodies. Moreover, fractures are the 
ascending channels that the particles migrate. Because 
ascending gas have higher speed, the particles carried by 
ascending gas can quickly migrate from the deep concealed ore 
bodies to the Earth's surface. On the basis of characteristics of 
the chemical constituent, shape, and ultrastructure of the metal 
particles as well as  relation between particles, which were 
captured in soil gas, we can predict concealed ore bodies. 

The authors acknowledge the support of the National 
Natural Science Foundations of China (Grant No 41030425). 
 
[1] Etiope et al (2002) Physics of the Earth and Planetary 
Interiors 129, 185–204 [2] Malmqvist et al (1999) Nuclear 
Instruments and Methods in Physics, Research Section B: 
Beam Interactions with Materials and Atoms 150, 484–490 



 Goldschmidt2014 Abstracts  

 

336 

336 

Biomarkers as lithologic indicators of 
marine petroleum source rock 

TINGTING CAO12, MAOWEN LI12, QIGUI JIANG12, 
PENG LIU12, GUOLIANG TAO12 

1Sinopec Key Laboratory of Petroleum Accumulation 
Mechanisms, Sinopec, Beijing 100083; 

2Wuxi Institute of Petroleum Geology, Wuxi, 214151 
 

Terrigenous input, nutrient supply and deposition rate 
control the original productivity, sedimentation types and 
preservation conditions, thereby affecting the type and 
abundance of organic matter as well as the molecular 
geochemical characteristics. This study examines the key 
characteristics of the marine source beds aross the major 
petroleum basins, to extract molecular tracers for marine 
source rock lithology.The types of examinated sedimentary 
basins include passive continental margin rift basin, 
intracratonic rift basin, pericrationic basin and foreland basin. 
Favorable petroleum source facies include but not limited to 
borderland slope, enclosed bay, continental shelf, evaporatic 
lagoon and platform depressions. Clay-rich marine muddy 
source rocks, with terrigenous clastic and in-situ bioclast, 
developed in enclosed bay or lagoon, continental margin slope 
and broad shallow bay area, mainly include black silica rock, 
black grey lime mudstone and marlstone rock. The marine 
muddy source rock are often characterized by high diasterane, 
low C29/C30 hopane ratios, and lack of C35 homohopane 
predominance. In contrast, marine carbonate source rock, 
including dark limestone, argillaceous limestone, argillaceous 
dolomite, calcareous dolomite, developed in the evaporation 
lagoons, sunken platform, platform slope and basinal facies as 
biological or biochemical deposits. These carbonate rich 
sediments show high content of gammacerane, acyclic 
isoprenoids and sulfides, low pr/ph, and a C35 homohopane 
predominance. Application of the molecular tracers in the 
study of the main commercial discoveries in the Tarim Basin, 
NW China has revealed clear evidence for dominantly marine 
carbonate source contribution, leading to new clues for 
exploration from the confirmed petroleum provinces.  
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The Mesozoic Sierra Nevada Arc (SNA) in the North 
America Cordillera records magmatic cyclicity [1]. Its causes 
and links to other geological processes are long-standing 
questions. Existing models have emphasized processes in the 
fore- and retro-arc regions [2] while downplaying the 
deformational history of the arc itself. Our integrated research 
of field mapping, geochronology, strain analysis and 
thermobarometry has led to the recognition of cyclic intra-arc 
deformation involving significant crustal thickening, rapid 
material transfer processes and a potential role in the genesis of 
voluminous intermediate magma.  

Field mapping reveals three regional, angular 
unconformities in the central Sierra whose ages are constrained 
to 260-300 Ma, 195-185 Ma and 115-132 Ma, that is before or 
during the early stages of three magmatic flare-ups. The 
unconformities record episodic intra-arc deformation, erosion, 
and renewed volcanism/sedimentation. Deformation before 
and during magmatic surges is evident by the paleo-strain 
fields restored using structures in both plutons and host rocks 
indicating periods of co-axial to transpressive contraction 
during the Mesozoic. These contractional events led to at least 
50% shortening and 100% thickening of the arc crust in an 
approximate plain strain style, which requires arc materials to 
be transferred vertically. Thermobarometry in plutons, 
however, indicate that the maximum exhumation of the central 
Sierra during the Mesozoic is about 7 km and thus requires 
significant downward transfer of host rocks. Widespread field 
evidence is observed of this downward transfer with estimates 
of associated strain rates at 10^-15 to 10^-14 1/s, more rapid 
than the strain rate of the retro-arc deformation. The downward 
transported host rocks into mantle lithospheric depths would 
fertilize the magma source regions and sustain the productivity 
of voluminous intermediate magma during flare-ups and would 
transform to eclogitic phase in the lower crust. We propose 
that the arc itself is a very dynamic environment with multiple 
feedbacks linking various intra-arc tectonic-magmatic 
processes that potentially play an important role in regulating 
the arc tempos in the board scale.  

 
[1] Ducea, M (2001), GSA Today 11, 4-10 [2] DeCelles et al 
(2009), Nature Geoscience 2, 251-157 
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The Earth’s Dole effect (DE), known as the 18O enrichment 

in atmospheric O2 with respect to ocean water, is determined 
by fluxes of photosynthesis, respiration, troposphere-
stratosphere gas exchange, and hydrological process 
(evaporation, precipitation, and evapotranspiration). It consists 
of three components: marine DE, terrestrial DE, and 
stratospheric isotopic effect (1). The magnitude of the current 
DE is 23.88‰ (2), which has had a limited variation (i.e. 
±0.2‰) dating back to 130 kyrs before present, a time of 
global glacial–interglacial cycles (1). DE beyond the ice-core 
record is not known due to the lack of reliable proxies. It is 
expected, however, that magnitude of DE must have changed 
in Earth history, especially during periods of rapid and extreme 
hydrosphere, biosphere, and atmosphere transitions.  

Recent triple oxygen isotope studies (3, 4) on barite or 
carbonate associated sulfate indicate that atmospheric O2 had 
distinct non-mass-dependent 17O anomalies (∆17O), implying 
that the δ18O(O2) was also abnormal. Building upon our earlier 
4-box, quick-response, and dynamic model on the evolution of 
∆17O(O2) (6), we added into model variables of δ18O(CO2) and 
kinetic isotope effects associated with O2 consumption to 
examine the evolution of the δ18O(O2). Our modeling result 
shows that there exists a positive correlation between ∆17O(O2) 
and δ18O(O2) and that the greatly enhanced stratospheric 
isotope effect by ultra-high pCO2 together with relatively low 
pO2 result in an inverse Dole effect at the immediate aftermath 
of the Marinoan glacial meltdown. The inverse effect is largely 
due to the extremely low δ18O value (down to −19‰) of the 
stratospheric O2. We found that this conclusion is in general 
consistent with the observed sulfate δ18O data, although the 
translation between δ18O(O2) and δ18O(SO4) is not 
straightforward due to a dynamic evolution of atmospheric O2, 
complexity of oxidation pathways, and degrees of mixing with 
existing sulfate pools. Our result provides another independent 
test of the proposed “snowball” Earth condition at 635 million 
years ago. 
 
[1] Bender et al (1994) GBC, 8, 363-376 [2] Luz and Barkan 
(2011) GBC, 25, GB3001. [3] Bao et al (2008) Nature, 453, 
504-506 [4] Bao et al (2009) Science, 323, 119-122 [5] 
Hoffmann et al (2004) GBC, 18, GB1008. [6] Cao and Bao 
(2013) PNAS, 110, 14546-14550  
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Directional drilling and hydraulic fracturing of organic-

rich shales are increasingly used for hydrocarbon production 
(gas, natural gas liquids, and oil) in the USA and throughout 
the world. The generation of large quantities of brine from 
these wells has implications for wastewater treatment in areas 
with limited access to disposal into injection wells, and 
requires knowledge of temporal and spatial variations in order 
to optimize treatment, safe storage and potential resource 
recovery. Produced waters from hydraulically fractured 
Marcellus gas wells in Pennsylvania, USA show a trend of 
increasing strontium concentration and isotopic composition 
over several years [1, 2]. Mixing relationships indicate a shift 
within the first week from an injected fluid signature to one 
dominated by formation waters held in pores, fractures or 
water-soluble components of the Marcellus shale.  

At a southwestern Pennsylvania test site [3], the 87Sr/86Sr 
ratio of produced water from conventional gas wells 900-1200 
m above the Marcellus shale showed no evidence of Marcellus 
fluid migration up to 15 months after hydraulic fracturing. In 
addition, analysis of local spring waters demonstrated that Sr 
isotopes can be a highly sensitive indicator for Marcellus brine 
incursions into local ground water aquifers, and that the 
87Sr/86Sr ratio is significantly more sensitive to brine incursions 
than shifts in concentrations of fluid constituents such as 
sodium, barium, bromine and radium Once a baseline is 
established, the 87Sr/86Sr ratio of well waters can be used as a 
long-term natural monitor of stratigraphic isolation of 
Marcellus fluids from overlying units. 

 
[1] Chapman et al (2012) ES&T 46, 3545-3553 [2] Capo et al 
(2013) Int. J. Coal Geol. DOI: 10.1016/j.coal.2013.12. 010. [3] 
Hammack et al (2013) SPE 10.2118/165720-MS. 
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Introduction 
The behaviour of water contained in rock salt at elevated 

temperatures is critical to the performance of that medium for 
the disposal of nuclear waste. Water content in halite ranges 
from 0.1 wt. % (pure), up to several wt. % water (clay rich). 
Previous investigations indicate brine inclusions move towards 
the heat source involving dissolution of salt at the hot side of 
the inclusion and precipitation at the cold side [1].  

Preliminary Results 
We ran controlled thermal gradients studies for brine 

movement in WIPP salt single crystals and found the 
behaviour of the brine inclusions subjected to heat dependent 
on the thermal gradient magnitude and the nature of the 
inclusion. Single phase inclusions (liquid only) migrate 
towards the heat source as described above [1]. The 
composition of the salt deposited along the migration channels 
changes along the pathway. At the start of the pathway the 
deposited salt is composed of a mixture of NaCl, MgCl2, and 
CaCl2. As the brine migrates towards the heat source its 
composition changes and it gets enriched in NaCl. SEM 
analysis shows that brine migrates through a created network 
of square shaped hollow channels of about 10 µ.  

The behaviour of two phase inclusions (liquid and gas) in 
temperature gradients is different from single phase inclusions 
[2]. The liquid in the inclusion still migrates towards the heat 
source, while the vapor moves away from the heat source 
through single narrow (square shaped) channels. The resulting 
salt crystals are more fractured than salt crystals with liquid 
inclusions.  
 
[1] Roedder, E. and Bassett, R. L. (1981) Geology 9, 525-350 
[2] Anthony, T.R. & Cline, H.E. (1972) Acta Metall 20, 247-
255 
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Black carbon (BC), a product of incomplete combustion, 
plays an important role in the earth’s climate system through 
the absorption and scattering of solar radiation. Here, we report 
on measurements of light absorption and extinction by size-
selected BC particles produced from both methane and 
ethylene flames and test the ability of various optical models to 
explain the observed optical properties. The fractal-like BC 
particles were size-selected with a differential mobility 
analyzer. Measurements were made on nascent soot particles 
and on particles that had been thermally denuded following 
coateing with either dioctyl sebacate or sulfuric acid. The 
coating+denuding process led to a collapse of the initially 
lacier particles towards more spherical shapes. Model-specific, 
wavelength-dependent refractive indices for the sampled BC 
particles have been derived by fitting the observed absorption 
and extinction cross-sections to both spherical particle Mie 
theory and Rayleigh-Debye-Gans theory; Mie theory is most 
commonly utilized by climate models to absorption and 
extinction cross-sections. In general, Mie theory can be fit well 
to the observations for particles with size parameters, x, less 
than ~1.9 (corresponding to a volume equivalent diameter of 
160 nm at 532 nm), but for particles with larger x the 
calculated absorption cross-sections are systemically too low. 
In contrast, fitting to Rayleigh-Debye-Gans theory allowed for 
good model-measurement agreement for all particle diameters 
and wavelengths. These results indicate that the use of 
spherical particle Mie theory to describe the absorption 
behavior of BC particles with >160 nm VED (at 532 nm) will 
underestimate the absorption by these particles. Concurrent 
measurements of the dependence on particle size and 
morphology of the absorption Angstrom exponent and the 
single scattering albedo will also be discussed, along with 
preliminary results from a new series of experiments assessing 
the influence of non-absorbing coatings on the light absorption 
properties of BC-containing particles.  
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Secondary organic aerosol (SOA) constitutes a major 

fraction of sub-micrometer atmospheric particulate matter. 
Quantitative simulation of SOA within air quality and climate 
models—and its resulting impacts—depends on the translation 
of SOA formation observed in laboratory chambers into robust 
parameterizations. Worldwide data have been accumulating 
indicating that model predictions of SOA are substantially 
lower than ambient observations. While possible explanations 
for this mismatch have been advanced, none has addressed the 
laboratory chamber data themselves. Losses of particles to the 
walls of chambers are routinely accounted for, but there has 
been little evaluation of the effects on SOA formation of losses 
of semi-volatile vapors to chamber walls. Here, we 
demonstrate through comparison between observations of SOA 
formation from toluene photooxidation experiments conducted 
at different seed particle surface area concentrations and a 
tunable model of SOA formation, the Statistical Oxidation 
Model (SOM) that such vapor losses can lead to substantially 
underestimated SOA formation, by factors as much as 4. 
Further, we find that SOA growth can only be explained in 
these 18 hour experiments if the mass accomodation 
coefficient for uptake of vapors is much smaller than unity, 
O(10-3). Vapor wall-loss is also shown to be an important 
factor in understanding SOA formation from a broad suite of 
historical experiments, although the exact influence is found to 
depend on the particular system under consideration (e.g. VOC 
identity, NOx level). Accounting for such vapor wall-losses has 
the clear potential to bring model predictions and observations 
of organic aerosol levels into much closer agreement. 
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The gradual decline in boreal summer insolation across the 

Holocene drove Arctic ice-sheet and glacier advance, usually 
culminating in a glacier maximum during the Little Ice Age 
(LIA; 1400-1900 C.E.). However, in several locations, glacier 
and ice-sheet margins may have reached pre-LIA late-
Holocene maxima, suggesting a more complex picture of 
Arctic climate variability. Here we date two such maxima in 
southern Greenland near Narsarsuaq and western Svalbard in 
Linnédalen with 10-Be surface exposure ages. Southern 
Greenland and west Svalbard ice margins reached a greater or 
equivalent extent as their LIA extent and retreated at 1.5±0.1 
ka (n=10) and 1.6±0.2 ka (n=16), respectively. These periods 
of ice-margin retreat are concurrent with changes in ocean 
surface currents near southern Greenland and western Svalbard, 
suggesting a climatic forcing of glacier variability. A much 
larger network of 10Be-dated glacier margin variability will 
help elucidate how the Arctic cryosphere responded to late-
Holocene climate change and would establish a baseline 
against which current ice-margin retreat can be compared. 
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The oil and gas industry is the the world’s leading 
producer of the toxic and corrosive contaminant, hydrogen 
sulfide. Some sulfide is thermochemically generated through 
geological processes, but much is biological in origin and its 
production can be prevented with appropriate specific 
inhibitors of microbial sulfate reduction. Despite decades of 
study, only a few compounds have been identified as potent 
and specific inhibitors of microbial sulfate reduction, including 
the sulfate analogs molybdate, selenate and nitrate. However, 
depending on the context of their use, such “sulfate analogs” 
may not be specific inhibitors, may be toxic to other 
organisms, or may be consumed by other microbial respiratory 
processes. Non-toxic and more potent treatments are needed. 
We have developed a general high-throughput screening 
strategy to identify potent and specific inhibitors of respiratory 
sulfate reduction, and have used this strategy to evaluate 
candidate inhibitors and to screen libraries of small molecules. 
Through our screens, we have identified several sulfate 
reduction specific inhibitors, and have characterized the 
mechanism of inhibition of these compounds in a model 
sulfate reducing microorganism. We have also evaluated 
potential synergistic and antagonistic interactions between 
inhibitors. Our findings will provide useful tools for ecological 
studies, and will lead to new treatments to inhibit sulfate 
reduction in industrial ecosystems. 
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Photochemical model simulations suggest the potential for 
water soluble organic gases to partition to particle phase liquid 
water (H2Optcl) where they can form secondary organic aerosol 
(SOA) is high during the summer in the humid Southeast U.S. 
Measurements during the Southern Oxidant and Aerosol Study 
(SOAS) from June 1 – July 15, 2013 confirm that liquid water 
is a substantial component of daytime aerosol mass in 
Alabama. Diurnal changes in particle hygroscopicity 
substantially influence H2Optcl. During SOAS we observe that 
more than 90% of the organic aerosol mass is water-soluble 
and that surrogates for biogenic SOA correlate with H2Optcl.  
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A critical step in the development of modelling tools for 
the prediction of arsenic (As) behaviour under field-relevent 
conditions is validation against well-constrained experiments. 
In this study a mechanistic reactive transport modeling 
framework for Fe reductive dissolution and remineralisation, 
surface complexation and associated As fate under SO4 
reducing conditions has been developed. Data from previously 
published column experiments [1] were used to guide and 
constrain the model development. Different conceptual models 
that incorporate the pH dependence of hydrous Fe(III) oxide 
tranformation and As fate were tested with the reactive 
transport simulator PHT3D. All processes were simulated 
using a thermokinetic approach.  

 The selected reaction network accurately simulates the 
reductive dissolution of ferrihydrite by the sulfide produced 
during sulfate reduction, whereby the associated production of 
native sulfur and Fe(II) acts as the driving process for Fe 
mineral transformations and release of As.  

The model also captures correctly the transformation of 
ferrihydrite to goethite and the formation of makinawite as 
influenced by the abundance of aqueous Fe(II). The 
simulations illustrate that the surface loading of Fe(II) on 
Fe(III) mineral surfaces rather than the aqueous concentrations 
determine the remineralisation pathway and corresponding 
reaction rates. The model framework developed will be 
applicable to the investigation of a wide range of other 
problems where the reductive dissolution and remineralisation 
of Fe (hydr)oxides influences the fate and transport of 
contaminants such as As. 

 
[1] Burton, E.D., S.G. Johnston, and R.T. Bush, Microbial 
sulfidogenesis in ferrihydrite-rich environments: Effects on 
iron mineralogy and arsenic mobility. Geochimica Et 
Cosmochimica Acta, 2011. 75 (11): p. 3072-3087 
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We investigated the sedimentary microbial communities at 

two Antarctic sites with very different rates of organic matter 
(OM) deposition: an offshore continental margin (sed. rate 
~20m/Myr) and a near shore basin rich in diatoms (sed. rate ~ 
2cm/yr). Structural and δ13C analyses of lipids, SSU rRNA 
gene sequencing, measurements of total hydrolysable amino 
acids (THAA), porewater and sedimentary geochemistry were 
used to characterize the interactive relationship between OM 
quality and resident microbial communities. Sediments of the 
continental margin are suggestive of refractory OM, as 
indicated by low THAA abundances (2% of total organic 
carbon (OC)), and large proportions of non-protein amino 
acids β -alanine and γ -aminobutyric (40% THAA). In 
contrast, labile OM of the basin sediments is characterized by 
large THAA concentrations (40% of total OC) and relatively 
low amounts of non-protein amino acids (5% THAA). 
Sediments of the basin have higher bacterial cell numbers 
(~109

 cells g-1) than sediments from the margin (106-107 cells  
g-1). Both sites appear to support heterotrophic communities 
evidenced by δ13Clipid values, sequencing results, and 
interstitial and sedimentary geochemistry. Autotrophic activity 
in deeper sediments of the basin is evident from increasing 
δ13CDIC values, CH4 concentrations (12.8 mM at 21.6 meters 
below sea floor) and depleted δ13C values of dialkyl glycerol 
tetraethers. We hypothesized that autotrophic methanogens are 
utilizing CO2 derived from heterotrophic co-inhabitants to 
produce CH4. Ultimately these observations imply that when 
increased primary production and phytodetritus fluxes create 
anoxic environments, preservation of labile OM occurs even 
when large heterotrophic microbial communities are present.  
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First data of GDGTs and associated TEX86 [1] and BIT [2] 

indices on surface sediments from the tropical SE Brazilian 
continental margin is presented. Two cross-shelf transects (25 
to 3000 m water depths) were sampled in 2009 in areas 
influenced by upwelling (B) and river discharge (T) within the 
Habitats Project (CENPES/ PETROBRAS). Isoprenoidal 
GDGTs are dominated by GDGT-0 (212.1 ± 203.8 ng g-1) and 
crenarchaeol (327.4 ± 295.7 ng g-1), with higher concentrations 
at 25 m and in the middle-slope (400-1000 m depths) (Figure 
1). Lipid biomarkers exhibited a similar distribution, 
suggesting commom control by upwelling events and lateral 
transport by mesoscale processes [3]. Similar BIT index values 
in both transects (0.12 ± 0.02 and 0.13 ± 0.02) suggest a small 
influence of continental inputs to the shelf, consistent with 
previous information. TEX86 indicates low temperatures in the 
water (16.7-18.2 0C) at 25 and 50 m of transect B, in the core 
of Cabo Frio upwelling region. The interrelationships of 
oceanographic and sedimentological features will be 
investigated in further details with the analysis of additional 
samples.  

 

 
 
Figure1. Distribution of GDGT-0 and crenarcheol on SE 
Brazilian continental margin 
 
[1]Kim et al (2010) Geochim. Cosmochim. Acta 74, 4639-4654 
010, 74, 4639 [2] Hopmans et al (2004) Earth Planet. Sci. Lett. 
224, 107-116 [3] Oliveira et al (2013) Biogeochem. 112, 311-
327 
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Carbon dioxide released via volcanic systems is generally 

mantle-derived, but high degassing rates for some arc 
volcanoes (e.g. Merapi [1] and Colli Albani Volcanic District 
[2]) are thought to be influenced by magma-carbonate 
interaction in the continental crust [3]. Yet, systematic 
investigation on the effect of P-T on hydrous basalt-induced 
crustal decarbonation is limited. 

Here we simulated basalt-limestone wallrock interactions 
at 0.5-1.0 GPa, 1100-1200 °C using a piston cylinder and equal 
mass fractions of pure calcite (CaCO3) and a hydrous (~3 wt.% 
H2O) basalt melt in a layered geometry contained in AuPd 
capsules. All experiments produce melt + fluid + calcite + cpx 
± plagioclase ± calcic-scapolite ± spinel. With increasing T, 
plagioclase disappears and scapolite appears at 0.8 and 1.0 
GPa, cpx becomes CaTs-rich, and fluid proportion increases. 
At 1.0 GPa, 1200 °C our hydrous basalt is superliquidus, 
whereas in the presence of calcite, the experiment produces 
calcite + cpx + scapolite + melt. 

With the consumption of calcite with increasing T and 
decreasing P, melt, on a volatile-free basis, becomes silica-
poor (69.0 wt.% at 1.0 GPa, 1100 °C to 34.9 wt.% at 0.5 GPa, 
1200 °C) and Ca-rich (37.1 wt.% at 1.0 GPa, 1100 °C to 41.8 
wt. % at 0.5 GPa, 1200 °C) whereas, with increasing T Al2O3 
drops (e.g. 14.0 at 1100 °C to 10.6 wt.% at 1200 °C at 1.0 
GPa) as cpx becomes more CaTs-rich. 

Wall-rock calcite consumption is observed to increase with 
increasing T and decreasing P. At 0.5 GPa, our experiments 
yield carbonate assimilation from 10.8 to 24.6 wt% between 
1100 and 1200 °C, similar to calculated ≤15 wt.% at Colli 
Albani [2]. Using a magma flux rate of 5.4×1012 g/y estimated 
for Mt. Vesuvius [4], we obtain a CO2 outflux of 5.1×1011-
1.2×1012 g/y for T variation of 1100 to 1200 °C at 0.5 GPa. 
The lower T estimate appears similar to the observed flux of 
CO2 in Vesuvius systems of 1.1×1011 g/y [5]. Our experiments 
thus suggest that one volcano such as Vesuvius alone can 
generate excess CO2 that amounts to at least 1-2% of the 
present-day global arc flux of CO2 [6]. 

 
[1] Troll et al (2012) GRL 11, 1-6 [2] Iacono Marziano et al 
(2007) JVGR 166, 91-105 [3] Freda et al (2008) Lithos 101, 
397-415 [4] Scandone et al (2008) JVGR 170, 167-180 [5] 
Iacono Marziano et al (2009) Geol 37, 319-322 [6] Sano & 
Williams (1996) GRL 23, 2749-2752 



 Goldschmidt2014 Abstracts  

 

350 

350 

Redox control on Nb/Ta 
fractionation: new constraints on the 

Earth-Moon system 
CARTIER C1, HAMMOUDA T1, BOYET M1,  

BOUHIFD M. A1 AND DEVIDAL J. L1 
1Laboratoire Magmas et Volcans, UBP, CNRS UMR 6524, 

5 rue Kessler, 63038 Clermont-Ferrand, 
France(c.cartier@opgc.univ-bpclermont.fr) 

 
Nb and Ta have long been considered as refractory 

lithophile elements, and should then have been accreted in the 
Earth in chondritic proportions. However, the Nb/Ta ratio of 
the bulk silicate Earth (BSE) is subchondritic1. To solve this 
paradox, Wade and Wood2 suggested that at the high pressure 
of Earth’s core formation Nb becomes siderophile, thus being 
depleted from the silicate Earth. Yet, the impact of the 
evolution of fO2 during Earth’s core formation from reducing 
to more oxidizing conditions on Nb/Ta in silicate melts has not 
been investigated. 

Here we present Nb-Ta ratios measured in chondritic melts 
equilibrated with Fe-Ni-Si metallic alloys, under variable 
oxygen fugacities (IW to IW-8). Experiments have been 
conducted in the multianvil apparatus between 1580 and 
1850°C, using doped material. Trace elements were analyzed 
using laser ablation ICP-MS on metal and silicate quenched 
liquid phases. We show that the behavior of Nb and Ta during 
planetary magmatic processes is mainly controlled by the 
oxygen fugacity, while pressure, temperature and composition 
have only a negligible impact on Nb-Ta ratio. By applying our 
new metal-silicate partitioning data to a 24 steps heterogeneous 
accretion scenario3 we reproduce the Nb/Ta values of the BSE. 
The Nb/Ta of the Moon is estimated at 17.0±0.81 and then is 
different from the Earth’s value. In order to reconcile this 
difference with the isotopic similarity measured in terrestrial 
and lunar samples, different scenarios can be evoked. For 
example the Moon may have inherited the chemical signature 
of the Earth’s upper mantle at the time of impact, whose Nb/Ta 
was higher than the modern value due to the crystallization of 
perovskite. This signature would have been erased due to the 
homogeneisation of the whole Earth’s mantle.  
 
[1] Münker et al (2003), Science 301 [2] Wade and Wood 
(2001), Nature 409 [3] Rubie et al (2011) Earth Planet. Sci. 
Lett. 301 
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222Rn is an important tracer for quantifying groundwater 

inflows to rivers, especially where groundwater and surface 
water have similar major ion and stable isotope geochemistry. 
Uncertainties in 222Rn mass balance arise, however, from not 
accurately estimating the degree of degassing and the extent to 
which interaction with sediments in the parafluvial zone 
provides an additional source of 222Rn. This study estimates 
both 222Rn production in the parafluvial zone and degassing in 
an upland river (the King River, Australia) in order to more 
precisely quantify groundwater inflows.  

The contribution of 222Rn from the parafluvial zone (Fp) 
was estimated using 222Rn emanation rates in near-river 
sediments and estimates of the residence time of water in the 
parafluvial zone and the volume of the parafluvial zone. 
Values of Fp decrease down catchment from 40,400±3800 to 
8500±550 Bq/m/day corresponding to differences in the 
mineralogy and volume of the parafluvial zone.  

The gas transfer coefficient (k) was estimated by matching 
groundwater inflows to observed increases in river discharge 
during a period of extended low flow; k decreases from 25 day-

1 in the upper catchment to 3 day-1 in the lower catchment. k 
values estimated in this way are higher than those estimated 
from most empirical formulations, probably due to extensive 
pool and riffle sections that promote degassing.  

Groundwater inflows on a reach scale are as high as 10 
m3/m/day and cumulative inflows along the 75 km studied 
stretch are up to 19,000 m3/day. Groundwater inflows increase 
proportional to total flow reflecting the response of both 
groundwater and surface water systems to rainfall.  

Independently estimating k from the discharge data 
mitigates one of the major uncertainties in the use of 222Rn as a 
tracer of groundwater-surface water interaction. Ignoring 
parafluvial flow results in calculated inflows that are up to 
40% higher, indicating that better characterisation is needed. 
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Absolute ages of rocks outcropping on Mars are crucial for 
understanding the formation and evolution of the planet’s 
surface, and can only be obtained in-situ or by sample return. 
The first Mars in-situ K-Ar age of 4.21 ± 0.35 Ga was recently 
obtained by the Curiosity Rover [1]. The ~ 8% uncertainty on 
this age, which arises equally from uncertainties in the Ar and 
K concentration measurements, is not really adequate to 
document the chronology of early Mars: Such an effort 
demands age uncertainties of < ~2%.  

Here, we report the latest developments of our double 
isotope spiked technique ID-KArD (Isotope Dilution K-Ar 
Dating), for high precision in-situ dating on planetary bodies 
such as Mars [2-3]. Crucially, ID-KArD resolves two key 
challenges for in-situ dating: 1) A flux agent reduces the 
sample fusion temperature to < 1000 °C; 2) A doubly-spiked 
(41K, 39Ar) glass tracer negates the need for mass measurement, 
allowing for a K-Ar age determination using isotope ratios 
alone. For implementation on a rover, we have designed and 
built a unique prototype instrument capable of both K and Ar 
analysis on a single sample aliquot. The instrument includes 
two ion sources for separate analysis of Ar (electron-impact) 
and K (thermal ionisation) isotopic ratios by quadrupole mass 
spectrometry. Ar is released directly from a flux-melted 
sample (e.g. basalt), and the 40Ar*/39Ar ratio measured, while 
K is volatilised simultaneously on to a filament. In a later step, 
this filament becomes a themal ionisation source, allowing 
measurement of the 39K/41K ratio. Early results demonstrate 
better than 2% precision on the K isotope ratio of spiked 
basalts analysed this way, and Ar isotope ratio measurements 
have comparable precision. On a 4 Ga basalt, the resulting age 
uncertainty would be about 1%. Isobaric interferences from 
HCl and hydrocarbons are currently our biggest challenge.  
 
[1] Farley, K.A et al (2014) Science 343 (6169). [2] Farley, K. 
et al (2013), GCA 110:1-12. [3] Cartwright, J.A. et al (2013) 
LPSC XLIV, (#1744). 
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Neves Corvo is an outstanding, world-class VHMS deposit 
in the Iberian Pyrite Belt, hosting one of the largest 
concentrations of massive sulfides (>300 Mt) known in the 
world. In addition to Cu and Zn, a suite of metals occur in 
significant concentrations, which represent important (Sn, Ag), 
or promising (Au, In or Se) bi-products. 

This study focuses on the ore geology of the Lombador 
orebody, a zinc-rich, massive and stockwork mineralization 
located in the northern sector of the Neves Corvo camp (> 70 
Mt). The ongoing research includes structural reconstruction 
based on drilling, and detailed hydrothermal alteration and ore 
petrography, ore geochemistry, spatial distribution/mineral 
allocation of In and Se, and Pb, Nd, and Sr isotopes (in 
progress). At the Lombador footwall succesion, hydrothermal 
alteration is classically zoned, its mineralogical and 
geochemical signatures indicating mildly acid and moderate to 
low interaction temperatures in a long-lived system. 

In occurs as a trace component in some sphalerite (0.01-
4.30 wt% In), but there is a general negative correlation 
between In and Zn at the orebody scale. Indium couples with 
Cu grades in the Cu-rich ores (specially in the stringer ores), 
and Se associates preferentially with either Cu- or Zn-
dominated massive ores. Expectedely, chalcopyrite shows low 
In and Se average contents (0.05 wt% and 0.02 wt%, 
respectively). In and Se occur as trace elements in stannite 
(0.10-7.42 wt% In; 0.01-0.07 wt% Se), tetrahedrite (0.01-0.17 
wt% In; 0.01-0.11 wt% Se), and cobaltite (up to 0.06 wt% In 
and 0.54 wt% Se). High Se content has been found in galena 
(up to 0.85 wt%) and probable junoite (up to 9.86 wt% Se).  

S. Scott, D. Smythe, G. Kretschmann and C. Bray from U. 
of Toronto are gratefully acknowledged for providing full 
support in analytical data acquisition. This is a contribution to 
ZHINC project (PTDC/CTE-GIX/114208/2009) 
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Fluid inclusions (FI) are an essential tool to study the 
formation of ore deposits. However, most studies are based on 
gangue minerals interpreted to be cogenetic. Near-infrared 
(NIR) microscopy of ore minerals can be used to study FIs 
hosted in opaque to the visible light, thus providing direct 
insights into ore-forming fluids. An earlier study on enargite-
hosted FIs [1] pointed out important overestimation of fluid 
salinities and underestimation of homogenization temperatures 
owing to shifts in recorded phase transition temperatures as a 
function of the used light intensity. More recent work [2] did 
not notice drastic light intensity-dependant temperature shifts 
in pyrite-hosted FIs. 

Here we report results of the first systematic study of 
synthetic FIs in a variety of NIR-transparent ore minerals in an 
attempt to create standards for NIR-microthermometry. The 
chosen analytical setting allowed fast fluid-mineral 
equilibration and ensured trapping of the same solution in both 
quartz and ore minerals. Natural enargite, pyrite, sphalerite, 
hematite and stibnite samples were selected on the basis of 
their transparency to NIR and paucity of FIs. Each sample was 
loaded together with fine-grained equivalents into a gold 
capsule, to which synthetic quartz and a 10wt% NaCl solution 
spiked with Cs was added. After heating and quenching, 
synthetic FIs (up to 70 µm in size) in enargite, pyrite, Fe-rich, 
and Fe-poor sphalerite were obtained.  

Microthermometry performed under low light intensity 
yields similar apparent salinities for FIs trapped in quartz and 
NIR-transparent minerals from the same batch. With 
increasing light intensity, important shifts are recorded. In 
contrast to [1], they are not linearly correlated with the light 
intensity but correlation trends are exponential-like. For each 
mineral, there is a range of light settings for which no shift is 
noticeable. 

Ongoing LA-ICP-MS analyses on FIs and their host aim to 
better characterize fluid-mineral equilibria during the 
experiments. 

 
[1] Moritz (2006) J. Geochem. Explor.89, 284-287 [2] Zhu et 
al (2013) Chem. Geol.351, 1-14 
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The waters in Tinto River show low values of pH (<3) 

along its course, as a result of acid mine drainage (AMD) 
processes. These AMD conditions generate preferential 
leaching of 234U compared to 238U from country rock forming 
minerals.  

The presence of colloids in these water is related to the 
precipitation of Fe(III) and Al oxyhydroxides and 
hydroxysulfates when pH is raised (water mixing or dilution). 
In acid rock drainage waters As and Pb are strongly associated 
with the colloids. In the near-neutral bulk mine waters, trace 
elements such as As, Pb, Cu and the rare earth elements are 
adsorbed. In the pH range of 4‒6 also U(VI) is strongly 
partitioned into colloids. 

In order to evaluate the U fractionation and its origin in 
surface waters in Tinto River, 234U/238U activity ratios 
(AR234/238) and uranium concentration [U] were measured in 12 
locations along the river affected by AMD. Tangential 
ultrafiltration techniques using 5000 dalton membranes was 
performed in 4 of the samples in order to assess the role of 
colloids on the fate and transport of uranium isotopes in acid 
mine drainage environments. 
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Records of past topography connect Earth’s deep interior 

to the surface, reflecting the distribution of heat and mass, past 
crustal structure, and plate interactions. Geodynamic 
reconstructions depend not only on the magnitude of surface 
elevation changes, but on the spatial distribution and stability 
of past high elevations, necessitating quantitative, orogen-scale 
paleoelevation datasets. Silicate glasses record the hydrogen 
isotope compositions (δD) of meteoric water shortly after 
deposition, providing a proxy for ancient precipitation and thus 
past elevations. As with any stable isotope proxy, glasses must 
resist alteration on geologic timescales to be useful 
paleoelevation indicators. Precipitation percolating through 
ignimbrite deposits replaces mobile cations in the glass, 
followed by the development of an impermeable, high-density 
silicate gel layer near the glass surface (in ~5-10 ky) that 
resists subsequent hydrogen exchange. To test gel layer 
stability and permeability, we placed natural glass samples of 7 
kya to 34 Mya in a DHO solution of 800‰ at 22ºC, 40ºC, and 
60ºC for 280 days. DHO solution treatments resulted in no 
change within analytical error (±3‰) in δD values of glass in 
comparison to untreated samples for all older units. Samples 
from the 7.7 ky Mazama ash show deuterium enrichment in 
interacted samples, suggesting that more than 7.7 ky is 
necessary to completely hydrate glass and form a silicate gel 
layer. Older glasses record δD values that reflect their 
depositional environments; lacustrine deposited samples had 
highly enriched δD values that reflect hydration by evaporative 
waters, while fluvial samples record depleted values reflecting 
precipitation. We also tested the use of acid abrasion, as the 
outer glass surface may partially recrystallize to secondary 
phyllosilicate phases after hydration. Short term hydrofluoric 
acid abrasion results in effective removal of these secondary 
phases. Samples that have not been acid abraded consistently 
show significantly higher δD values and less variability 
between samples from various geographic locations, likely 
reflecting the interaction of modern waters with the glass 
surface (outside of the gel layer). Ignimbrite glasses are 
especially well-suited for paleoaltimetry, as hydrated glass gel 
layers remain impermeable on geologic time-scales, faithfully 
recording the δD values of ancient meteoric water. 
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Drill coring at Lake El’gygytgyn (NE Russia) in 2009 

recovered sediments spanning the past 3.6 Ma from the largest 
and oldest unglaciated Arctic lake basin. These sediments 
provide the first terrestrial Arctic paleoclimate record spanning 
the Plio-Pleistocene and thus offer a unique opportunity for 
examining high-latitude climate variability beyond the 
relatively short 100 Ka interval captured by Greenland ice core 
records. Proxy data (e.g. pollen, diatom assemblages) 
generated thus far from Lake El’gygytgyn sediments suggest a 
number of “super”- interglacials (e.g. Marine Isotope Stages 
(MIS) 11 and 31) characterized by significantly warmer 
temperatures than at present. Currently, the magnitude of 
warming during these interglacials, as well as the overall 
amplitude of glacial-interglacial and Plio-Pleistocene 
temperature fluctuations, has yet to be quantified at Lake 
El’gygytgyn. Here, we use the MBT/CBT index to reconstruct 
temperature at Lake El’gygytgyn during the past 3.6 Ma, 
focusing on high-resolution reconstructions of MIS 1-11, MIS 
19, MIS 31, the Plio-Pleistocene transition (~2.9 to 2.5 Ma) 
and MIS M2 (~3.3 Ma). We find that application of the 
MBT/CBT paleothermometer to Lake El’gygytgyn sediments 
appears to be a promising technique for generating a 
continuous Plio-Pleistocene temperature record from the 
terrestrial Arctic. 
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One of the most remarkable and unexpected features of the 
bulk of oceanic lavas is their Pb isotopic ratios are too 
radiogenic to be coming from the undifferentiated mantle or a 
bulk Earth source [1]. The increase in Pb isotopic ratios is due 
to the decay of the radioactive element U (plus Th) over time 
and, thus, such “paradoxical”, radiogenic Pb isotopic ratios 
imply long time-integrated high U/Pb ratio (or HIMU) of the 
mantle source(s) of oceanic lavas. The most extreme 
expression of the Pb paradox, also known as the HIMU effect, 
is displayed by the classic HIMU islands of St. Helena, 
Mangaia and Tubuaii. Recently, it was proposed that 
previously subducted marine carbonate is the key component 
of classic HIMU and younger HIMU (or FOZO) mantle end-
members [2]. This hypothesis differs from existing models as it 
does not call for geologic processes that preferentially increase 
U or decrease Pb (and Rb) in the sources of oceanic lavas. 
Instead, it relies on the intrinsic geochemical properties (e.g., 
high U/Pb and low Rb) of marine carbonate, which is a 
ubiquitous component of the oceanic crust. Specifically, the 
uniquely low 87Sr/86Sr ratio and incompatible trace element 
content of Archaean carbonate make it an excellent candidate 
for the source of the HIMU end-member; this is consistent 
with the anomalous, mass independently fractionated sulphur 
isotope signatures in olivine-hosted sulfides from Mangaia 
Island [3]. On the other hand, the relatively lower U/Pb and 
higher 87Sr/86Sr values of Proterozoic (and possibly younger) 
carbonate make it an appropriate source of the young HIMU or 
FOZO end-member. If the hypothesis is true, then recycled 
carbonate should also be able to explain the Pb paradox in 
mid-ocean ridge basalts (MORB), the most abundant oceanic 
lavas. Interestingly, recent studies have indicated that small-
degree partial melting of the upper mantle actually starts deep 
and is caused by CO2-rich volatiles [4]. Such volatiles most 
probably come from previously subducted carbonate, which 
contains radiogenic Pb. Thus, mixing of Pb from recyled 
carbonate and from depleted upper mantle can generate the 
slightly to moderately radiogenic Pb isotopic compositional 
array of MORB. Available data also show empirically that the 
addition of Pb from recycled marine carbonate to the upper 
mantle can produce the ~constant Ce/Pb ratio of MORB. 
 
[1] Allegre (1969) EPSL 5, 261-269 [2] Castillo (2013) Min. 
Mag. 77.5, 838 [3] Cabral et al (2013), Nature 496, 490-493 
[4] Dasgupta et al (2013), Nature 493, 211-215 
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Magmatism along the East African Rift System (EARS) is 
generally believed to be related to mantle plume activities, but 
the number and nature of mantle plumes are controversial. 
Recent geophysical data indicate the African Superplume as 
the main source of plume magmatism [1]. On the other hand, 
the highly variable composition of EARS volcanic rocks 
appears to suggest a plume centered at or near the Afar region 
in the northern EARS [2] and a number of plumes in the 
southern EARS such as those in e.g., Kenya Rift, Virunga 
volcanic province, Rungwe volcanic province, and the whole 
southern EARS. However, closer inspection of available data 
provides support for an alternative hypothesis that the 
compositions of EARS plumes converge to a single plume 
with a restricted range in composition [3]. The hypothesis 
posits that the observed variation of EARS lavas is mainly due 
to mixing of material from the Superplume with the 
compositionally variable lithospheric mantle beneath the 
isotopically depleted, Late Proterozoic Pan-African mobile belt 
and isotopically enriched, Early Proterozoic Nubian plate (+/- 
Archaean Tanzanian craton). Additionally, the Superplume has 
been modifying the lithospheric mantle beneath the entire 
region to a ~common composition through carbonatite 
metasomatism for, at least, 500 my [4]. This has created a 
fourth, pseudo lithospheric mantle source, which is mainly 
characterized by extremely high incompatible trace element 
contents, but restricted, ~near bulk silicate Earth Sr and Nd 
isotopic ratios. Although there are exceptions, mixing of 
Superplume/metasomatized lithosphere with Pan-African 
lithospheric mantle produces the bulk of lavas from the 
northern EARS as far south as the northern Kenya Rift. In 
contrast, mixing with lithospheric mantle beneath the Nubian 
plate/Tanzanian craton (+ variable upper crust) produces the 
bulk of lavas from the southernmost Kenya Rift and Western 
Rift. A depleted upper mantle contribution appears minimal 
and restricted to the northernmost EARS. EARS lavas have 
highly variable Pb isotopic ratios because of the variable Pb 
isotopes of the lithosphere and the Superplume is a young 
HIMU type, generated mainly from recycled marine carbonate 
with inherently high U/Pb ratio [5].  
 
[1] Hansen et al (2012) EPSL 319-320 23-34. [2] Rooney et al 
(2012) JPet 53, 365-389. [3] Castillo et al (2012) AGU Fall 
Meeting Abst. T43C-2687. [4] Vollmer & Norry (1983) EPSL 
64, 374–386. [5] Castillo (2013) Min. Mag. 77.5, 838. 
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Introduction 

The formation of zeolites in presence of 
tetraalkylammonium cations from so-called clear solutions 
using silicon alkoxides is a highly complex process. Our 
research aims to identify the key mechanisms on a molecular 
scale with the goal of understanding the factors that drive the 
formation of zeolites [1]. For this purpose we have used 
electrospray ionization mass spectrometry (ESI-MS), 29Si and 
27Al liquid-NMR spectrometry, DOSY NMR (diffusion 
experiments) and small angle X-ray scattering (SAXS). 
Results and Discussion 

Here, we report the molecular mechanisms involved in the 
formation of microporous zeolite beta from liquid phase 
(Fig.1). The connectivity of both, oligomers and nanoparticles 
(NPs), has been quantitatively analysed, as well as the 
incorporation of Al in NPs and the specific interaction of 
silica-template within NPs. These data are compared with 
previous results on zeolites ZSM-5 (MFI), ZSM-11 (MEL) and 
SSZ-13 (CHA) from which general processes are concluded 
independently of the zeolite and/or template investigated [2]. 

 
 
 
 
 
 
 
 
 

Figure1. Zeolite beta crystallization from clear solution 
monitored by 29Si NMR. 
 
[1] Castro et al (2013) Micropor. Mesopor. Mat. (in press). [2] 
Eilesrten et al (2012) Chem. Mater. 24, 571-578  
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Zeolites as Suitable Materials to Support Life  

The interaction of zeolites and bacteria forming biofilms 
has been reported in soils (bio-fertilizer) [1]. Here, we present 
preliminary results on biofilm formation by extremophilic 
bacteria[2, 3] on well characterized surfaces of synthetic 
zeolitic materials [4] (ZeoBioFilms) using AFM and SEM*.  
Results and discussion  

BioSEM follows the steps of biofilm formation by 
extremophilic bacteria isolated from High Altitud Andean 
Lakes (HAAL): bacteria recognice, attach and grow to form a 
mature biofilm (Fig. 1B-C). In addition, AFM detects the 
surface modification after biofilm removal (Fig. 1A-D). We 
believe that a comprehensive understanding of the interaction 
mechanism can lead to biotechnological applications and shed 
light on evolution of life and astrobiology [5]. 

Figure1. ZeoBioFilm evolution on the surface of the zeolitic 
material SAPO STA-7 and Acinetobacter Ver3 followed by 
AFM (coloured images) and SEM (b/w images). 
 

*SEM assays performed in collaboration with Dr. Matthias 
Flötenmeyer, Max-Planck-Institut für Entwicklungsbiologie. 

 
[1] Leggo et al (2006) Science of the total Environment 363, 1-
10. [2] Albarracin et al (2012) Orig. Life Evol. Biosphe. 42, 
201-221. [3] Belfiore et al Extremophiles DOI: 
10.1007/s00792-013-0523-y. [4] Cubillas et al (2009) Crystal 
Growth & Design 9, 4041-4050. [5] Farias et al (2013) PLoS 
One. 8 e53497. 
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Well-crystalline iron oxides (e.g., hematite, goethite) are 
generally assumed to be stable hosts for trace elements. These 
phases are highly insoluble under most pH conditions and are 
slow to be reduced microbially, often persisting in sediments 
until sulfidic conditions develop. Incorporation of trace 
elements into iron oxides is believed to sequester 
contaminants, trap micronutrients, and record ancient fluid 
compositions. However, evidence suggests that element 
repartitioning into and out of bulk iron oxide structures occurs 
when dissolved Fe(II) is present, such as at redox interfaces. In 
addition, recent work has shown that atom exchange occurs 
between dissolved Fe(II) and both hematite and goethite, the 
latter undergoing complete recrystallization. These 
observations suggest that the remobilization potential of trace 
elements substituting in iron oxides has been substantially 
underestimated. 

We have investigated the partitioning of trace elements 
between aqueous solutions and iron oxide structures in the 
presence and absence of dissolved Fe(II) and how this is 
impacted by inorganic and organic ligands. At circumneutral 
pH, Fe(II) promotes Ni and Zn incorporation in and release 
from goethite and hematite on the timescale of 14 to 30 days. 
Sulfate has little effect on these processes but both are 
inhibited by phosphate. While negligible at circumneutral pH, 
substantial trace element release is observed in the absence of 
Fe(II) at pH 4 and 5.5, suggesting that there may be a pH-
dependent background rate of recrystallization. Oxalate and 
citrate also promote trace element release from goethite and 
hematite far in excess of what can be explained by ligand-
promoted dissolution. These studies demonstrate that trace 
elements have a surprisingly high potential for remobilization 
from iron oxide minerals under a range of chemical conditions. 
Such remobilization will reduce the effectiveness of 
contaminant sequestration but may enhance micronutrient 
availability. This work raises uncertainty about the validity of 
iron oxide trace element contents as records of ancient ocean 
chemistry. 
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The most interesting aspect of exoplanets is whether some 

might be inhabited. In the Solar System, all planetary 
atmospheres are in chemical disequilibrium because of free 
energy input from the Sun or internal or tidal heat, but the 
Earth’s atmosphere is anomalous [1]. Earth’s biosphere 
releases waste, including major gases (N2 and O2) and minor 
ones (e.g., CO2, CH4, N2O and (CH3)2S). Thus, life causes 
significant chemical disequilibrium compared to atmospheres 
on Mars, Venus or the giant planets. On the other hand (and in 
contrast to Lovelock’s original hypothesis [1]), we suggest that 
the issue is subtle because untapped chemical disequilibrium 
can also indicate no biosphere.  

We developed a metric that might help distinguish 
inhabited from uninhabited planets, with the Solar System as 
our guide and test case. We quantified chemical disequilibrium 
as the difference, |ΔG|, in J mol-1 of an observed atmosphere as 
compared to all the gases in the atmosphere reacted to 
equilibrium. Because planets nearer the Sun (or their star) have 
more free energy, we normalize |ΔG| to the mean thermal 
energy per mole RT, according to the mean global temperature 
T at a planet’s surface or 1 bar. 

The resulting non-dimensional metric exceeds unity only 
for Earth. Mars is ~0.1, while Titan, Venus and the giant planet 
atmospheres are lower by orders of magnitude. We 
hypothesize that |ΔG|/RT >1 is an atmospheric biosignature, 
indicating the existence of an inhabited world. Of course, such 
a metric should be used judiciously with awareness of other 
information, such as compositional and physical conditions.  

Our calculations also suggest that abundant CO on Mars is 
an anti-biosignature, showing an absence of life on or near the 
surface. CO is a “free lunch”, existing at levels incompatible 
with a microbial biosphere in contact with the martian 
atmosphere.  
 
[1] Lovelock, J. E. (1975) Proc. R. Soc. Lon. B189, 167-181 
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During the mid-Cenozoic (35-24 Ma), there was a 

profound shift in Earth’s climate, from the high temperatures 
and high pCO2 of the Eocene to the relatively low temperatures 
and low pCO2 of the Neogene. The mechanism(s) behind the 
nearly 700 ppm drop in pCO2 across this transition, however, 
remain elusive. Here, we utilize the growing compilation of 
carbon (C) cycle proxies to quantify imbalances in the ocean-
atmosphere C cycle over the Cenozoic. On 1 Ma timescales, C 
is input to the ocean-atmosphere reservoir via volcanism and 
organic C weathering and removed via silicate weathering and 
organic C burial. Our goal is to constrain the magnitude of 
permissible changes in the silicate weathering feedback given 
records of calcite compensation depth (CCD), atmospheric 
pCO2, and carbonate burial.  

First, we find that, over 1 Ma timescales, the C cycle over 
the Cenozoic has been remarkably balanced. Second, to 
explain the 700 ppm pCO2 drop in the mid-Cenozoic, only 
approximately 1018 moles of C must be removed from the 
ocean-atmosphere reservoir. This quantity is equivalent to 30% 
of the total C in the modern ocean-atmosphere reservoir. 
Spread across the mid-Cenozoic, this removal flux represents 
an only 1-2% increase over the input fluxes.  

To explain these results via changes in weathering requires 
a shift in the strength of the silicate weathering feedback. We 
define the strength of the weathering feedback as the 
relationship between chemical weathering fluxes and climate 
(or pCO2). Hence, the shift in climate states across the mid-
Cenozoic is attributed not to variations in the magnitude of the 
weathering flux, but to changes in the relationship between 
weathering fluxes and pCO2 (or a change in the functional 
form of the weathering feedback). In the Eocene, the strength 
of the weathering feedback was lower than in the Neogene, 
resulting in potentially greater imbalances in the ocean-
atmosphere C cycle and elevated pCO2. Consequently, we 
show that this increase in the strength of the silicate weathering 
feedback can potentially explain the drawdown of pCO2 across 
the mid-Cenozoic to the low pCO2 characteristic of the 
Neogene. 
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“We are either modeling the wrong process, or we’re 
modeling the process wrong”  

L. Elkins-Tanton, 2013 
 
One enduring early Earth enigma is the absence of 

identified evidence in the terrestrial record for meteorite 
impact events during the Hadean, particularly during the so-
called Late Heavy Bombardment from 4.0 to 3.8 Ga. Zircon is 
an excellent mineral for preserving shock deformation; 
pervasively shocked detrital zircons have been shown to 
survive in siliciclastic sediments eroded and transported as far 
as >750 km from their source craters, including the Vredefort 
[1,2], Sudbury [3], and Santa Fe [4] impact structures. Thus, 
attributing the absence of shocked Hadean detrital zircons to 
their destruction during erosion and transport is not consistent 
with the presence of shocked zircons in modern sediments. 
Attributing the absence of Hadean detrital shocked zircons to 
wholesale destruction of early crust by tectonics, burial, or 
erosion does not explain why unshocked Hadean detrital 
zircons with ages up to 4.4 Ga are preserved [5]. Attributing 
the absence of Hadean detrital shocked zircons to the absence 
of zircon-satured rocks on the early Earth is also not consistent 
with the preservation of unshocked Hadean zircons. Modern 
mafic oceanic crust contains abundant zircon [6,7]; a large 
impact into a modern ocean basin would produce detrital 
shocked zircons if the crater is later subjected to subaerial 
weathering. Unshocked Hadean detrital zircons do not appear 
to be related to impact processes, as their geochemistry is 
distinct from unshocked zircons in impact-generated melts 
[8,9]. Simultaneous destruction of the early terrestrial impact 
record due to impact-related melting/assimilation of the early 
crust does not explain the preservation of a global impact 
record, including shocked zircons, on the Moon [10]. If our 
understanding of the early impact bombardment is correct, 
shocked Hadean detrital zircons should be preserved; one 
explanation for their absence is that they have thus far been 
overlooked. 

 
[1] Cavosie et al (2010) GSAB. [2] Erickson et al (2013) 
GCA. [3] Thomson et al (2014) GSAB. [4] Lugo and Cavosie 
(2014) LPSC. [5] Valley et al (2014) Nature Geosci. [6] 
Cavosie et al (2009) Am Min. [7] Grimes et al (2011) CMP. 
[8] Darling et al (2009) Geol. [9] Wielicki et al (2012) EPSL. 
[10] Timms et al (2012) Met. Plan. Sci. 
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Apatite offers many diverse applications in geochemistry, 
however, it has historically not been applied to studies of 
shock metamorphism caused by meteorite impact. Planar 
microstructures in apatite are reported here, and represent the 
first well-documented occurrence of shock microstructures in 
apatite. Detrital apatite grains were identified in colluvium and 
alluvium collected near shocked quartz-bearing shatter cone 
outcrops at the Santa Fe structure, a highly tectonized and 
eroded impact structure near Santa Fe, New Mexico; the 
impact conditions and original size (6-13 km) are currently 
poorly constrained [1]. The same sediment samples contain 
other detrital shocked minerals, including zircon, quartz, and 
muscovite [2-3]. A total of 166 detrital apatite grains were 
investigated by scanning electron microscopy, including 
examination of grain exteriors and polished sections using 
backscatter electron (BSE) imaging. Of these, 61 grains 
contained planar microstructures (61/166 = 37%). Most 
shocked apatites identified were from two colluvium samples, 
which averaged 37% (17/46) and 41% (43/105). Only 15 
apatites were analyzed from modern alluvium, one of which 
was shocked (1/15 = 7%). Individual grains contain up to three 
sets of parallel, planar microstructures with variable spacing, 
mostly from 5-10 µm. Orientations of the planar 
microstructures are distinct from {0001} and {hki0} apatite 
cleavages, and form conjugate sets that appear to be in {1011} 
orientation. The microstructures are open (dark in BSE), and 
are interpreted as fractures. The appearance and spacing of the 
planar microstructures are strikingly similar to planar fractures 
reported in shocked zircon [4]. 

The ubiquitous occurrence of apatite in igneous, 
metamorphic, and siliciclastic sedimentary rocks highlights the 
potential of using apatite in studies of shock metamorphism. 
While the relation of shock pressure and microstructure 
formation in apatite are not yet calibrated, the presence of 
shocked zircons in the sample sediment samples [3] indicates 
the apatite grains described here likely experienced shock 
pressures > 20 GPa. 

 
[1] Fackelman et al (2008) EPSL. [2] Colon and Cavosie 
(2014) LPSC. [3] Lugo and Cavosie (2014) LPSC. 
[4] Erickson et al (2013) Am. Min. 
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The continental crust is the archive of Earth hisotry and its 
record of rock units and events is heterogenous with distinctive 
peaks and troughs of ages for igneous crystallization, 
metamorphism, continental margins and mineralization. This 
temporal distribution is argued to largely reflect the different 
preservation potential of rocks generated in different tectonic 
settings, rather than fundamental pulses of activity, and the 
peaks of ages are linked to the timing of supercontinent 
assembly. In contrast there are other signals, such as the Sr 
isotope ratios of seawater, mantle temperatures, and redox 
conditions on the Earth, where the records are regarded as 
primary because they are not sensitive to the numbers of 
samples of different ages that have been analyzed.  

Models based on the U-Pb, Hf and O isotope ratios of 
detrital zircons suggest that at least ~60-70% of the present 
volume of the continental crust had been generated by 3 Ga. 
This volume contrasts markedly with the <10% of crust of that 
age apparently still preserved requiring ongoing recycling of 
early formed crust and subcontinental mantle lithosphere back 
into the mantle. 

Between 1.7 to 0.75 Ga, the tempo of Earth processes was 
characterized by environmental, evolutionary and lithospheric 
stability that contrasts with the dramatic changes in preceding 
and succeeding eras. The period is marked by a paucity of 
passive margins, an absence of a significant Sr anomaly in the 
paleoseawater record or in the epsilon Hf(t) in detrital zircon, a 
lack of orogenic gold and volcanic-hosted massive sulfide 
deposits, and an absence of glacial deposits and of iron 
formations. In contrast, anorthosites and kindred bodies are 
well developed and major pulses of Mo and Cu mineralization, 
including the world’s largest examples of these deposits, are 
features of this period. These trends are attributed to the 
combined effects of lithospheric behaviour related to secular 
cooling of the mantle and a relatively stable continental 
assemblage that was initiated during assembly of the Nuna 
supercontinent by 1.7 Ga and continued until breakup of its 
closely related successor, Rodinia, around 0.75 Ga. Since 
~0.75 Ga, modern plate tectonic processes have dominated the 
Earth system. 
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Nanoporous materials have a long and important history in 
petroleum science. The ion diffusion properties of natural 
zeolites and their synthetic analogues have been used 
successfully for catalysis and molecular separation during the 
petroleum refinement processes. The goal of this research is to 
understand processes that direct ion diffusion and allow for 
specific selectivity in heterosilicate titanium silicates, a class of 
zeolitic analogues. The tools utilized and insights gained into 
ion diffusion processes will be broadly applicable to other 
nanoporous materials and will directly benefit energy and 
petroleum sciences. Here we detail the synthesis and cation 
exchange mechanisms of rare earth elements (REEs: Y, Eu, 
Gd, Tb) in this nanoporous heterosilicate, and explore new 
synthetic chemical/structural analogues. 

The synthetic mineral zorite is known in industry as ETS-
4. Single crystals of zorite where successfully grown using 
hydrothermal techniques, and the composition and crystal 
structure were characterized using inductively coupled plasma 
spectroscopy and single crystal X-ray diffraction, respectively. 
After ex situ and in situ ion exchange experiments, the single 
crystals were not suitable for single crystal diffraction studies 
as the mosaic spread increased and crystal size decreased 
significantly. Therefore only unit cell parameters were 
obtainable from diffraction studies. In order to resolve the 
diffusion mechanisms, time-resolved Raman spectroscopy 
experiments were conducted to follow the ion exchange 
process in situ, and we were able to determine the sequence of 
ion substitutions into the crystal structure. In addition, we 
observed intermediate polyhedral distortions that could lead 
the decease of crystal quality. 

To summarize the results of the ion exchange study, the 
REE ion exchange processes follow several distinct steps 
where molecular distortion modifies channel geometry, a 
transient dynamic disorder event occurs, and guest cations 
migrate away from TiO6 groups to optimize bond-valence 
sums. These processes do not measureably change the space 
symmetry of the zorite structure and only modest unit cell 
volume changes were observed. 
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According to the spatial and original relationship between 

current hydrothermal metal deposits and magmatic body, and 
referring to the ideal mode of deposits element zonage which is 
proposed first by Russian geochemist, this paper puts forward 
the ideal mode of the distribution of the magma deposits, it is 
also called “Ore-forming system of magmatic rock center”. 
This mode is centred on the top rock mass which invades to the 
near-surface surrounding rocks, it is divided into inner-zonage, 
transition-zonage, medium-zonage and outer-zonage. The 
mode scatters by hypothermal deposits, mesothermal deposits 
and epithermal deposits from inner-zonage to outer-zonage 
regularly. Inner-zonage is mainly distributed by the deposits 
which usually form in the magmatic rock like Nb,Ta,Hf,Li, 
they are equiaxed shapes because controlled by the magmatic 
rock. Transition-zonage is mainly hypothermal deposits like 
W,Sn,Mo,Bi, they are mostly three-dimensional. Medium-
zonage is mainly distributed with mesothermal deposits like 
Cu,Pb,Zn by lenticular shape. Outer-zonage is mainly 
distributed with epithermal deposits like Au,Hg,Sb, they are 
mostly nervation and beaded shape along the tectonic fissure. 
Ore forming around the magmatic center has its own unique 
process: after magmatic rock invading to the water surrounding 
rock, there is a partly high temperature field which is the key 
leading to the hydrothermal deposits material cycle. 
Individuals which formed under the ideal mode are controlled 
by the forming condition: the depth of invading magmatic 
rock, the lithology or property of water-bearing of surrounding 
rock; physicochemical property of magma, invading 
temperature, magma scale can all cause the integrity of 
magmatic center metallogenic series and shape variation. 
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In-situ bioremediation strategies target the immobilization 
of uranium in contaminated sites by stimulating microbial 
reduction of U(VI) to less soluble U(IV). Biogenic uraninite 
and U(IV) bound to biomass are among the resulting products 
of U(VI) bioreduction. Uraninite is the preferred form of 
U(IV) for in-situ bioremediation as it is less soluble than other 
U(VI) and U(IV) species. Understanding the effect of 
groundwater solutes on uraninite stability in reduced sediments 
is crucial for the success of bioremediation strategies.  

We performed laboratory and field studies to investigate 
the effect of groundwater solutes on uraninite dissolution by 
integrating aqueous chemistry and solid characterization 
methods. Uraninite dissolution under anoxic and oxic 
conditions with an influent solution containing dissolved 
inorganic carbon was lower in the presence of Ca than in de-
ionized water. X-ray absorption spectroscopy (XAS) and 
solution chemistry analyses suggest that adsorbed or 
precipitated Ca2+ phases may inhibit oxidative uraninite 
dissolution.  

We performed field experiments in oxic and anoxic wells 
at the Old Rifle, CO site to better understand the oxidative 
dissolution of uraninite over 650 days. By placing biogenic 
uraninite in tubes covered with a membrane that allowed 
diffusive exchange and placing the tubes in the aquifer (~ 10 
mM inorganic carbon), uranium loss could be quantified. After 
102 days, around 50% uranium loss was observed from the 
tubes deployed under oxic conditions. However, only less than 
3% loss was observed from the anoxic well. After 650 days, 
65% and 85% loss was observed under oxic conditions 
whereas the corresponding U loss in the anoxic control 
remained negligible. Ca K-edge EXAFS linear combination 
and shell by shell fits suggest that: a) Ca2+ adsorbed to the 
surface of uraninite; and b) it is possible that a U-Ca-O phase 
formed a thin layer on the surface of reacted biogenic 
uraninite. Our results suggest that Ca and other groundwater 
solutes increase the long-term stability of uraninite in 
subsurface environments.  
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The Elements issue entitled "When the Continental Crust 

Melts" (vol. 7(4), 2011) covered a selection of topics of 
relevance to the anatexis of the continental crust during 
orogenesis and the origin of granites: microstructures, 
rheology, thermal models, comparison between experiments 
and thermodynamic modelling and melt segregation and 
ascent. The issue was more recently complemented by the one 
on "Continental Crust at Mantle Depths".  

This contribution will focus on the microstructural and 
microchemical aspects of the issue, describing the advances 
brought to the study of crustal melting by the discovery of tiny 
(rarely exceeding 15 μm) glassy or crystallized melt inclusions 
in migmatites and granulites (“nanogranites”). Unlike in 
igneous rocks, melt inclusions (MI) in migmatites are trapped 
during incongruent melting, generally along the up-
temperature path followed by the rock. Therefore, they can 
provide key information on anatexis. 

Microstructurally, the occurrence of primary MI in 
peritectic phases (e.g., Grt, Crd, Spl, Ilm) demonstrates the 
growth of the host minerals in the presence of melt. Therefore 
MI are among the most reliable microstructural criteria for 
recognizing anatexis in a rock, particularly where other 
textures have been erased by deformation or recrystallization. 
In addition MI add constraints to the mineral(s) (or parts of 
minerals) which coexisted with the melt. When in zircon or 
monazite, MI allow anatectic events to be dated with 
unprecedented confidence. 

Chemically, as the composition of anatectic MI is 
representative of that of the bulk melt in the system during 
anatexis, MI represent the embryos of anatectic granites. With 
an appropriate characterization and analytical strategy they can 
provide missing information on the primary composition of 
natural crustal melts before these undergo modifications by 
processes such as fractional crystallization, which generates 
cumulate and enriched granites, mixing of melts from different 
sources or entrainment of exotic material. So far, MI have been 
analysed for major and trace elements, as well as for H, 
allowing the nature of the fluid regime during anatexis to be 
discussed on the basis of measured data. The next step will be 
their isotopic characterization. 
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The characterization of the present-day weathering 

processes controlling the chemical composition of waters and 
soils and of their past evolution in natural ecosystems is 
important to predict and hence to model the response of the 
ecosystem to recent environmental changes. Here, we present 
the elemental and U and Sr isotopic composition of vegetation, 
soil solutions and soil samples collected within two soil 
profiles located in the small granitic watershed of the 
Strengbach creek in the Vosges Mountain (France). One soil 
profile is developed under spruces and the other one under 
beeches. The depth variation of elemental concentration in soil 
solutions confirms the important influence of the vegetation 
cycling on the budget of Ca, K, Rb and Sr, whereas Mg and Si 
budget in soil solutions are quasi exclusively controlled by 
weathering processes. Variation of Sr, and U isotopic ratios 
with depth also demonstrates that the sources and 
biogeochemical processes controlling the Sr budget of soil 
solutions is different in the uppermost soil horizons and in the 
deeper ones.  

The comparison of elemental concentrations and Sr isotope 
ratios in recent soil solutions with data obtained for soil 
solutions over the last 20 years, confirm that the Strengbach 
watershed is in a transient state of weathering - with an 
important loss of nutriments such as Ca in soils solutions. Such 
a comparison also demonstrates that the source of elements in 
soil solutions has changed over this time period. Such a 
variation cannot be related to diminution of dissolution 
processes nor to declining of atmospheric input. It has to be 
related to a modification of the intensity and/or the nature of 
the weathering reactions occurring within the weathering 
profile. The data clearly suggest that under the spruce plot 
there was a recent change in the nature of the mineralogical 
phases controlling the weathering fluxes carried by the soil 
solutions, whereas under beech plot such a modification is yet 
not clearly evidenced. Such a difference in the recent evolution 
of the geochemical characteristics of the soil solutions in the 
two experimental plots will be discussed.  
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Terrace landforms support nearly three quarters of the 

Peruvian Amazon. These terrace ecosystems have been 
considered primarily as the low-nutrient, highly weathered 
counterpart to their neighboring floodplain systems along 
riverine transportation corridors, but the biogeochemical 
complexity within these terrace landscapes has remained 
largely unexplored. The use of airborne remote sensing 
provides an opportunity to consider the topographic 
complexity within a terrace landform at high resolution and 
over large spatial extents. In 2013 the Carnegie Airborne 
Observatory (CAO) was used to map a large section of intact 
lowland humid tropical forest in the southwestern Peruvian 
Amazon, including over nine thousand hectares of terrace 
forest. The CAO collected digital elevation and canopy 
structure data with its high-resolution dual waveform LiDAR, 
mapping the ground surface beneath the canopy. We used 
these data to analyze the morphology of fifteen hillslopes 
formed through ongoing stream incision into the original 
terrace surface. These metrics, combined with the results from 
directed field sampling along these hillslopes, allowed us to 
explore the relationship between weathering derived nutrient 
availability, soil chemistry and slope position. Results suggest 
that the relationships between rock derived nutrient availability 
and slope position are dependent on hillslope morphology in 
this terrace landscape, and that biologic processes mediate 
these relationships.  
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Atmospheric soot has been implicated in rapid global 

warming, accelerated melting of glaciers, changing monsoon 
patterns, and degradation of human health and the 
environment. On a regional-to-global scale, wildfires emit up 
to 63% of total soot mass into the atmosphere, contributing to 
greater than threefold uncertainty in current estimates of 
climate forcing. This large uncertainty is due to poor 
understanding of wildfire-emitted soot microphysical 
properties and their parameterizations in models and satellite 
retrieval algorithms. For several decades, researchers have 
made efforts to characterize these properties for soot emitted 
from small-scale, controlled combustion systems―such as 
prescribed and slash burns―as a function of various process 
parameters such as fuel type, temperature and scale of flaming 
phase, environmental conditions driving the flame, and 
interrelationships of these parameters. Consequently, the 
current view holds that soot is formed via the cluster-dilute 
aggregation mechanism in wildfires and emitted as sub-
micrometer size aggregates of fractal dimension Df ≈ 1.8. Here 
we report ubiquitous presence of soot superaggregates (SAs) in 
the outflow from two wildfires in India and California. SAs are 
aggregates of cluster-dilute aggregates with characteristic Df 
≈2.6 and Dm >1μm that form via the cluster-dense aggregation 
mechanism. We present additional observations of soot SAs in 
wildfire smoke-laden air masses over New Mexico and Mexico 
City. Using numerically-exact T-Matrix optical modeling, we 
estimate soot SAs to contribute, per unit optical depth, up to 
35% less atmospheric warming than freshly-emitted 
aggregates, about 25% more warming than aged aggregates, 
and ≈90% more warming than spherical particles currently 
used in climate models. Our findings imply significant and 
previously unaccounted-for impacts by soot SAs from 
wildfires on climate forcing as well as potentially deleterious 
effects on human health and the environment. 

 



 Goldschmidt2014 Abstracts  

 

375 

375 

Synthesis of 15N enriched NH3 
through N2 photolysis: relevance to N-

enriched meteoritic organics  
S. CHAKRABORTY1*, TERESA L. JACKSON1, 

H. B. MUSKATEL2, MUSAHID AHMED3, BRUCE RUDE3, 
R. D. LEVINE2,4 AND M. H. THIEMENS1 

1University of California, San Diego, Department of Chemistry 
and Biochemistry, 9500 Gilman Drive, La Jolla, CA 
92093-0356 (*correspondence: subrata@ucsd.edu) 

2The Fritz Haber Research Center, Hebrew University, 
Jerusalem 91904, Israel  

3Lawrence Berkeley National Laboratory, 1 Cyclotron Road, 
Berkeley, CA 94720 

4Department of Chemistry and Biochemistry, University of 
California, Los Angeles, CA 90095 

 
Introduction 

Nitrogen isotopic analyses (15N/14N) of solar system 
objects [1] advances our understanding of prebiotic processes 
by defining the volatile inventory of the solar nebula. Bulk 
meteorite analysis exhibit a variation in the range of few tens 
to few hundred permil in δ15N [2]. The N-isotopic composition 
measured in Solar wind samples (Genesis mission) and in the 
atmosphere of Jupiter (in NH3) are nearly equally depleted (~ -
400‰) [3]. Conversely, extremely high (up to ~5000‰) 15N 
enrichments are observed in meteoritic ‘hotspots’, IDPs, 
cometary samples and, in insoluble organic matter (IOM) [7-
9]. In this abstract, we present N-isotopic fractionations during 
VUV photolysis of N2 and discuss the relevance to the solar 
system. Photochemistry is an important process in solar nebula 
and, without the measurements of the isotopic fractionations 
due to photodissociation, no model can be evaluated or 
theories can be tested.  
Results and Discussion 

The measured N-isotopic compositions of product NH3 are 
enriched by few thousands permil. The wavelength dependent 
enrichment profile show unprecedented 15N enrichment at 90 
nm. This particular wavelength zone is quite unique because of 
extensive state mixing in highly localized spectral regions 
leading to perturbations.  

Production of 15N enriched amine and nitrile group 
molecules is plausible at the outer edges of the disk from 
enriched 15N atom from N2 photodissociation. Once formed, 
these functional groups may freeze-out in the ice and possibly 
synthesize PANHs within the ice with high 15N enrichment 
under UV exposure and ultimately lead to organic 
macromolecule formation.  
 
[1] Thiemens et al (2012) Ann. Rev. Phy. Chem. 63, 155-177. 
[2] Marty et al (2011) Science 332, 1533-1536. [3] Briani et al 
(2009) PNAS 106, 10522-10527. [4] Bernstein et al (2002) 
ApJ 576, 1115. [5] MA and the ALS are supported by DOE 
(DE-AC02-05CH11231), SC and MHT is supported by NASA 
Cosmochemistry and Origin programs. 
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Introduction 

Select meteoritic classes possess mass independent (MI) 
sulfur isotopic compositions in sulfide and organic phases. 
Photochemical processes in the solar nebula have been 
attributed as a source of these anomalies [1-6]. Hydrogen 
Sulfide (H2S) is the most abundant gas phase species in the 
solar nebula, and hence, photodissociation of H2S by solar 
vacuum ultraviolet (VUV) photons (especially by Lyman-α 
radiation, one of the most prominent lines in the t-tauri phase 
of the sun) is a relevant process. Due to experimental 
difficulties associated with accessing VUV radiation, there is a 
paucity of data to test the hypothesis of a photochemical origin 
of mass independent sulfur. Here, we present multi isotopic 
measurements of elemental sulfur produced during the VUV 
photolysis of H2S using the ALS synchrotron.  

Results and Discussion 
H2S photolysis was carried out at four different 

synchrotron bands between 90 and 157.6 nm in a differentially 
pumped chamber. Elemental sulfur produced in all these 
experiments was collected and converted to SF6 to measure the 
isotope ratios (e.g., 33S/32S, 34S/32S, and 36S/32S). Among four 
different synchrotron bands used, 121.6 nm photolysis 
products show significant MI fractionations both in Δ33S and 
Δ36S with a Δ36S/Δ33S ratio of -3‰.  

Predissociative is a prominent processes in VUV 
photodissociation of H2S and, introduce isotope selectivity in 
the resonance governed curve crossing dynamics. VUV 
spectrum at different locations is a variable. This scenario 
allows H2S photolysis at different VUV wavelengths at 
different regions of the disk and result in formation of different 
sulfur reservoirs of unique isotopic composition within the 
nebula. The icy particles would incorporate these compositions 
while migrating within the nebular disk and finally incorporate 
in meteorite parent body [6]. 

 
[1] Rai & Thiemens (2007) GCA, 71, 1341-1354. [2] Cooper et 
al (1997) Science 277, 1072-1074. [3] Rai et al (2005) Science 
309, 1062-1065. [4] Farquhar et al (2000) GCA 64, 1819-1825. 
[5] Farquhar et al (2000) Nature 404, 50-52. [6] Chakraborty 
et al (2013) PNAS 110, 17650-17655. [7] MA and the ALS are 
supported by DOE (Contract No. DE-AC02-05CH11231), SC 
and MHT is supported by NASA Cosmochemistry and Origin 
programs. 
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Traditional descriptions of diffusion in minerals assign a 
single diffusion coefficient to the diffusion rate of an element 
in a mineral at a certain condition of pressure, temperature, 
composition and other intensive variables (e.g. oxygen 
fugacity). Recent technical developments have made it 
possible to use different methods to measure diffusion 
coefficients over a wider range of ambient conditions than has 
been possible in the past. In particular, the availability of 
methods to manipulate and measure concentration gradients on 
the nanoscale have extended experimental data to lower 
temperatures. With our improved understanding of diffusion 
mechanisms and point defects in minerals as a result of this 
(e.g. [1]), it is becoming clear that a single diffusion coefficient 
is too simplistic a description in many cases. Diffusion of one 
element in one mineral may proceed at different rates 
depending on a number of factors such as (a) simultaneous 
operation of two diffusion mechanisms (e.g. by vacancy and 
interstitial point defects), (b) occurrence of an element in two 
sites of a mineral (i.e. as constituents of two different 
thermodynamic components), and (c) the different manners of 
equilibration of point defects, leading to different kinds of 
compositional dependence of diffusion rates in different 
environments. The first case is exemplified by the diffusion of 
Li in olivine [2] and to some extent Fe-Mg in spinel [3], the 
second by the diffusion of Ca in garnet and the third by the 
diffusion of Mg in plagioclase. In all of these cases, well 
constrained experiments help to quantitatively characterize, 
and even predict, these processes. The resulting diffusion 
behavior may be complex and counterintuitive in some cases, 
but it is possible to quantitatively model these now to obtain 
better constrained timescales of thermal evolution. An 
important consequence of this aspect is that the concept of a 
single closure temperature for an element in a mineral needs to 
be re-thought. It has long been known that closure 
temperatures may vary depending on the circumstances under 
which diffusion takes place (e.g. nature of the surrounding 
medium). Now it is becoming clear that it may vary depending 
on the details of the diffusion process itself, even in the same 
environment in some cases. 

 
[1] Dohmen R and Chakraborty S, Phys. Chem. Mineral. 
(2007) Doi 10.1007/s00269-007-0158-6; [2] Dohmen R et al 
(2010) Geochim Cosmochim Acta 74:274-292 [3] Vogt K, 
Dohmen R and Chakraborty S, this session. 
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Formic acid is one of the most abundant volatile organic 

compounds in the atmosphere, and a dominant source of 
acidity in the global troposphere. In this work, we present the 
first global retrievals of formic acid from the Tropospheric 
Emission Spectrometer (TES) satellite instrument. We apply 
the GEOS-Chem Chemical Transport Model (CTM) and an 
ensemble of airborne and ground observations to evaluate the 
TES data, and find that the formic acid distributions derived 
from TES are generally consistent with in situ measurements. 
The space-based formic acid data reveal a severe model 
underestimate that manifests globally; however, the simulated 
and observed concentrations are spatially well-correlated. The 
discrepancy between GEOS-Chem and TES is most prominent 
over tropical biomass burning regions, indicating a major 
missing source of organic acids from fires. There is also a 
significant model bias over northern mid-latitude regions. We 
examine the seasonal variations of formic acid over Northern 
Hemisphere as observed by TES in terms of the constraints 
they can provide on biogenic, biomass and anthropogenic 
contributions to formic acid. 
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Sulfur is a key component in hydrothermal systems 

forming arc-related ore deposits. The Taupo Volcanic Zone is 
an actively rifting arc characterized by thin crust (15-20 km) 
and voluminous rhyolitic magmatism with minor basalt and 
andesite. TVZ active geothermal systems are generally 
considered as the equivalent of low-sulfidation epithermal Au 
(hydrothermal) systems [1]. The majority of the sulfur species 
near the surface and in the reservoir (H2Sg, H2Saq, HSO4-aq, 
shallow sulfate, elemental sulfur) are the result of quantitative 
oxidation of deep-sourced H2S near the surface by oxygen in 
the atmosphere and meteoric fluid. δ34S(H2Sg) is constant 
through the TVZ and ranges between 4 and 6‰, and is 
assumed to be linked to deep basalt degassing and buffering by 
the greywacke basement [2]. In contrast sulfate-sulfur in 
solution varies strongly due to surface processes, however, 
sulfate-oxygen is in equilibrium with meteoric water (δ18O 
(HSO4

-) ≈ -1‰). 
This work aims to characterize the deep sulfur species, and 

constrain possible variations in the source magmatic H2S/SO2 
ratio. As different types of magmas are intruding the shallow 
crust underneath the arc, e.g. basalt, andesite, rhyolite, these 
are expected to have different sulfur saturation and oxidation 
states, and thus different input of sulfur in the exsolving fluids.  

Deep (>2km) high-temperature (~300°C) anhydrite and 
pyrite as well as gas and liquid from wells were sampled in 
two fields. Isotopic values of sulfates show 3 end members, 
with exchange trend between them: 1) deep hypogene sulfate 
(δ18Oanh ≈ 2‰, δ34Sanh ≈ 22‰) in equilibrium with magmatic 
H2S where H2S/SO2 >> 1, which is quantitatively oxidized to 
produce 2) lighter sulfate (δ18Oanh ≈ 2‰, δ34Sanh ≈ 0‰) and 3) 
deep sulfate with heavy oxygen and sulfur (δ18Oanh ≈ 17‰, 
δ34Sanh ≈ 14‰). The latter sulfate is interpreted to be produced 
by SO2 disproportionation at depth (from magmatic fluid with 
H2S/SO2 ratio ≈ 1) and is in equilibrium with pyrite,, similar to 
sulfates observed in high-sulfidation gold ore systems. Relict 
of SO2 degassing at depth allow us to discuss further the origin 
of metals in the low-sulfidation systems. 
 
[1] Simmons and Brown, 1997, Geology, 35, 1099-1102 [2] 
Robinson, B.W. 1987. IAEA, Vienna.  
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The Taupo Volcanic Zone (TVZ) offers a perfect location 
to track the evolution of volatiles and fluid mobile elements 
from mafic to felsic melts, as well as their fractionation into 
the hydrothermal fluids and alteration minerals. These can be 
compared to the fluid chemistry of active surface features.  

Recent melt inclusions analyses show that based on 
content of F, Cl, and B content, as well as Li and Cs, two 
distinct types of rhyolites are present in the different eruptive 
centers in the TVZ [1]. CO2 and Stot are generally depleted or 
below detection limits in rhyolites in contrast to andesites or 
basalts. Similarly, TVZ geothermal fluids are divided into two 
groups, 1) low-gas (i.e., CO2), high Cl and Li [2], low B and 
Li/Cs ratio systems, suggested to have chemical affinities with 
basaltic (and rhyolitic) magmas, and 2) high-gas, low Cl and 
Li, high B and Li/Cs ratio systems, having chemical affinities 
with andesitic magmas [3]. Variation in F and total sulfur are 
also distinct between geothermal field types.  

Melt inclusion data and measurements of gas emissions 
both are indirect estimates of the true magmatic volatile 
content. They represent the “left over” after degassing or 
hydrothermal scrubbing. New direct in–situ analyses of 
trapped fluid inclusions in phenocrysts and hydrothermal veins 
associated with magmatic degassing and deep meteoric water 
circulation provide a way to assess the composition of 
exsolved magmatic fluids and deep dilute near-neutral 
geothermal waters. Hypersaline fluid inclusions are enriched in 
B, Cs and Li in fluid trapped in rhyolite skeletal phenocrysts 
compared to hydrothermal fluids in veins hosted in diorite. 
Dilute chlorine meteoric-dominated fluids are enriched in Li, 
Cl, as well as K and Ca, but are depleted in B. 

Sulfur in fluid inclusions is generally below detection 
limits but the isotopic compositon of ubiquitous pyrite suggests 
that H2S is the dominant gas and is likely ultimately derived 
vias deep basalt degassing. However, rare occurences of 
hypogene sulfate suggest that some gases with relatively high 
SO2/H2S ratios may be produced by degassing of shallow 
andesitic intrusions episodically in past or presently. 
 
[1] Bégué et al accepted GSL [2] Bernal et al 2014, Geo 
Cosmo Acta, 126, 265-283, [3] Giggenbach 1995, JVGR. 
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The ocean is a major repository of atmospherically derived 

mercury (Hg) and serves both as a source and sink in the 
biogeochemical Hg cycle. In ocean sediments, bottom waters 
and within the water column, some fraction of Hg is 
methylated to monomethylmercury (MMHg), which 
bioaccumulates in marine food webs. Humans and wildlife are 
exposed to MMHg, which can be neurotoxic, through 
consumption of marine fish. To help understand MMHg 
contamination in marine ecosystems, recent studies have 
explored the use of stable Hg isotopes as a promising new tool 
to understand MMHg sources to marine fish [1,2]. Open ocean 
fish display both Hg mass-dependent (MDF) and mass-
independent fractionation (MIF). These initial observations are 
thought to be a result of photo-demethylation in surface waters 
and Hg methylation occurring in ocean water column.  

Here, we present the isotopic composition of Hg for three 
species of tuna from the North Pacific Ocean to assess the 
factors that potentially control the isotopic signature of Hg in 
open ocean fish. Similar to previous studies, the tuna display 
both Hg MDF and MIF. The Hg isotopic signatures preserved 
among different species of tuna are similar, but there are small 
differences between the different species. Overall, the Pacific 
tuna from this study and from Blum et al. [2] are also similar 
but slightly offset from the Gulf of Mexico (GOM) tuna. All 
open ocean tuna are significantly offset from coastal fish [1,3]. 
It is possible that the large differences between open ocean and 
coastal tuna are due to differences in MMHg sources. 
However, the differences among open ocean species are likely 
due to variations in the degree of MMHg photo-degradation in 
the water column in different ocean regions or ocean depths 
where the fish feed. We are analysing Atlantic tuna to establish 
if the observed offset between the Pacific and the GOM tuna is 
reflective of a difference between Pacific and Atlantic MMHg 
cycle. The signature of MIF (i.e. Δ199Hg/Δ201Hg) was 
determined for all North Pacific tuna as 1.26 ± 0.06 (2SE), 
which is similar to the slope observed for freshwater fish.  
 
[1] Senn et al (2010) Environ. Sci. Technol. 44,1630-37 [2] 
Blum et al (2013) Nature Geosci. 6,879–84 [3] Gherke et al 
(2011) Environ. Sci. Technol. 45,1264-70 
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Natural plants from wetlands can influence the behavior of 
uranium by providing favorable conditions for iron/uranium 
reducing bacteria and promoting in-situ remediation through 
the formation of iron plaque on the root. This hypothesis was 
examined using a series of greenhouse microcosm studies with 
a native wetland plant (Sparganium americanum) sampled 
from the Savannah River Site. Prior to introduction of a U(VI)-
containing nutrient solution, iron plaque was developed on the 
root by using an anoxic Fe(II)-rich nutrient solution. The 
resulting iron plaque successfully stimulated the growth of 
target iron reducing bacteria, Geobacter spp. Their population 
continuously increased after the introduction of the U(VI)-
containing nutrient solution. The reduction of U(VI) by iron 
reducing bacteria was deduced based on the observed increase 
of Fe(II) concentration after the introduction of U(VI) at the 
rhizosphere along with the decrease of U(VI) concentration in 
the pore water. The Fe(II) metabolized by the iron reducing 
microbial activity was assumed to be reoxidized to Fe(III) by 
the oxygen released from the root. Meanwhile, the U(IV) 
reduced by the microbial co-metabolism deposited on the root 
along with P, which was confirmed by SEM-BES-EDS and 
XANES analysis. The results reveal the crucial role of plant 
roots in a long term in-situ uranium remediation. 
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Geochemical reactions involving organic and inorganic 
phosphates (PO4) in aquatic environments are primarily carried 
out by microorganisms and catalyzed by enzymes. The stable 
O isotope composition of PO4 (δ18O) is a useful tracer of P 
cycling and (paleo)temperature and was first developed as an 
isotope thermometer based on empirical analyses of bioapatites 
with the assumption of equilibrium O-isotope exchange 
between PO4 and water [after 1]. However, dissolved PO4 may 
not only have different isotopic behavior than apatite, but there 
may also be differences in the behavior of biological 
phosphates subject to enzymatic reactions and  
sedimentary phosphates. Furthermore, empirically-determined 
fractionations may include unrecognized non-equilibrium 
components.  

Recent evidence points to inorganic pyrophosphatase 
(PPase) as the key enzyme responsible for both the equilibrium 
and temperature dependence of dissolved PO4-water O-isotope 
exchange in cells [2]. In this study, we present an expanded 
range of experimentally-determined calibrations of equilibrium 
O-isotope exchange between dissolved PO4 and water 
catalyzed by PPase - first determined by [2] - from 3 ºC to 37 
ºC. PPase-catalyzed O-isotope exchange reactions were 
conducted using 18O-labeled PO4 and 18O-labeled waters to 
obtain rigorous equilibrium fractionation factors. Our results 
indicate that “true” equilibrium O-isotope fractionations 
between dissolved PO4 and water closely match recent 
empirical fractionations determined from biogenic apatites [3] 
analyzed by CF-IRMS-TCEA methods using Ag3PO4, but 
differ from previous determinations [1] based on fluorination 
of BiPO4. Our results also suggest that no apparent 
fractionation exists between bioapatites and dissolved PO4 
equilibrated by the intracellular enzyme PPase; in contrast to 
ca. +1 ‰ fractionation observed between sedimentary apatites 
and dissolved PO4 [4, 5].  

 
[1] Longinelli & Nuti (1973) EPSL 19, 373-376 [2] Blake et al 
(2005) Am. J. Sci. 305, 596-620 [3] Pucéat et al (2010) EPSL 
298, 135-142 [4] Zheng (1996) Chem. Geol. 127, 177-187 [5] 
Liang & Blake (2007) Chem. Geol. 238, 121-133 
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Processes occuring throughout regoliths contribute to 

critical zone functions, but certain regions within them have 
proportionally larger roles. One of these ‘hotspots’ is the 
saprolite-soil transition. In this work we studied a highly 
leached, 9.7 m deep regolith developed on a ridgetop in the 
Luquillo Critical Zone Observatory, a wet-tropical montane 
forest in Puerto Rico. We analyzed its variations with depth, 
starting with basic physical, mineralogical and geochemical 
data, followed by REEs and Mg isotope ratios to better 
understand nutrient cycles and to constrain controls on the 
location of this crucial interface. 

The pH, bulk density, water content, mineralogy and major 
element chemistry indicates an anomalous zone from 0.91 m to 
1.52 m depth. This zone has redoximorphic features that 
evidence contrasting redox conditions: mottling at the top, 
indicative of alternating redox status, followed by a red 
horizon and a pale coloured layer suggestive of more 
permanent oxidizing and reducing conditions, respectively. We 
hypothesize that this could constitute a threshold for the 
biogoechemical cycling of elements, where surface and deep 
cycles become decoupled, as is commonly seen in deep 
tropical regolith. 

LREE/HREE differentiated behaviour and an alternating 
positive-negative Ce anomaly further indicate that this 60 cm 
zone is a redox hotspot, where redox conditions fluctuate, 
controlling the precipitation and sorption of redox sensitive 
species such as Fe-Mn-oxides and REE+Y. Mg isotope ratios 
in pore water show a 25% shift towards heavier values at the 
hotspot, relative to the overall depth trend, indicating that the 
divergence in the Mg-cycle occurs on the short time scale 
represented by the water residence time (1-2 y). 

We conclude that the redox fluctuations induce a 
fundamental change in the mineralogy of the regolith at the 
hotspot, impacting weathering fluxes and nutrient transport 
both above and below it. 
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Molybdenum (Mo) has emerged as a powerful paleo-

indicator of sulfidic conditions in studies of the evolution of 
Earth’s early oxygenation, either by examining patterns of Mo 
enrichment and/or the δ98Mo isotopic signature in sedimentary 
records. In oxygenated water, inorganic Mo speciation occurs 
dominantly as unreactive molybdate (MoVIO4

2-). When sulfide 
is present, sulfur substitutes progressively for oxygen in 
MoO4

2-, leading to reactive tetrathiomolybdate (MoVIS4
2-) by 

way of transient intermediates (MoVIOxS4-x
2-). However, the 

processes leading to Mo incorporation in sulfidic sediments are 
still unknown, limiting its use as a proxy. 

A successful first step was recently taken by determining 
Mo speciation using XAFS in lacustrine sediments deposited 
under permanently euxinic conditions, representing ten 
thousand years of deposition [1]. Here we used the same 
approach to study changes in Mo oxidation state and molecular 
coordination environment in samples from the Cariaco Basin 
(a modern euxinic marine setting) and the Cenomanian-
Turonian oceanic anoxic event (Demerara Rise—a euxinic 
locality during widespread reducing conditions). 

The coordination number for all samples—determined via 
EXAFS analysis—is always four, but the oxygen-to-sulfur 
ratio fluctuates, possibly suggesting some periods of less 
reducing conditions for both sites. Interpretation of XANES 
data indicate some reduction of Mo(VI), which is consistent 
with our previous study. 

These results are especially important at times of intense 
drawdown of Mo either due to global expansion of euxinic 
conditions or basinal restriction that can affect Mo 
concentrations and isotopic signatures [2]. Further, we propose 
that a detailed exploration of other redox sensitive proxies (e.g. 
Fe, Mo, Cr) will complement the current systematic 
approaches and will offer new insights into redox fluctuations 
in modern and ancient oceans. 

 
[1] Dahl et al (2013) GCA 103 213-231, [2] Reinhard et al 
(2013) PNAS 110 5357-5362 
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An original setting, combining a Cassegrain microscope 

and a UV-visible-near IR spectrophotometer, focusing the 
beam down to 50 µm diameter, has been used to get optical 
absorption spectra (OAS) of glass inclusions in minerals in the 
330 - 2500 nm range. 

OAS of trachyandesite glass inclusions trapped in olivine, 
from the Yasur vulcano (Vanuatu arc) [1], have been studied. 
The olivine spectrum obtained shows the contribution of Fe2+ 
in M1 and M2 octahedral sites, consistent with previous 
olivine OAS [2]. It clearly demonstrates the validity of the 
method. Beam focused by the Cassegrain microscope allows to 
selectively probe glass inclusions, without any contribution of 
the host olivine matrix. The broad absorption bands in the near 
IR indicate a range of distributions between 4-, 5- and 6-fold 
coordinated Fe2+, in agreement with what can be observed in 
most Fe-bearing silicate glasses [3]. The extinction coefficient 
of Fe2+ in glasses has been estimated from reduced synthetic 
glasses which mimic trachyandesitic compositions. The 
comparison with the apparent absorption coefficient of Fe2+ in 
the glass inclusions gives access to the Fe oxidation state. The 
redox ratios of Fe are consistent with the results obtained using 
Fe K-edge micro-X-ray absorption near-edge structure 
spectroscopy (µ-XANES). This provides a confirmation of the 
oxidative formation conditions of the trapped melt inclusions. 
We will discuss the advantages and limitations of this new way 
to extract redox data on geological samples. 

 
[1] Métrich, N. et al (2011) J. Petrol. 52, 1077–1105 [2] 
Taran, M. N. & Matsyuk, S. S. (2013) Phys. Chem. Miner. 40, 
309–318 [3] Farges, F. et al (2004) J. Non-Cryst. Solids 344, 
176–188 



 Goldschmidt2014 Abstracts  

 

387 

387 

Dissolved Nd in the Ganga river 
system and its flux to the Bay of 

Bengal 
JAYATI CHATTERJEE1 AND SUNIL K. SINGH2 

1Physical Research Laboratory, jayatic@prl.res.in 
2Physical Research Laboratory, sunil@prl.res.in 
 

Dissolved Nd concentration and isotopic composition has 
been measured in the Ganga river system, to examine the 
possibility of using Nd to trace silicate chemical erosion. εNd of 
the Ganga is -11.5, -12.0 and -14.2 at Varanasi, Patna and 
Manihari (outflow) respectively in 2008. But in 2010, εNd of 
the Ganga at the same places are found to be less radiogenic, -
13.1, -13.9 and -15.3 respectively. The radiogenic εNd in the 
Ganga in 2008 compared to 2010 could be due to its higher 
contribution from the peninsular rivers particularly the 
tributaries draining Deccan basalts through the Yamuna (-12). 
The data indicates the dominance of Higher Himalayan (~-16) 
contribution to the dissolved Nd budget compared to the 
Lesser Himalaya (~-25). Further, the importance of Deccan 
tributaries in contributing to the dissolved Nd budget has been 
observed, though its contribution indicates significant temporal 
variability. 

Higher εNd in dissolved phase compared to their respective 
particulates and higher dissolved Sm/Nd compared to known 
endmembers indicate fractionation of εNd during weathering. 
Possibility of preferential dissolution of minerals with different 
Sm/Nd ratio has been examined. For this purpose, Nd isotope 
composition of dissolved phase has been compared to 
respective bedload/suspended sediments. The comparison 
shows that dissolved Nd is more radiogenic compares to the 
sediment. This difference could be due to preferential 
dissolution of apatite and higher contribution of dissolved Nd 
from the Deccan tributaries of the Yamuna in the Ganga 
mainstream downstream Allahabad. As these tributaries do not 
contribute significantly to the sediment, their higher dissolved 
Nd contribution could give rise to this difference. Fractionation 
of εNd between dissolved and particulate phases restricts the 
application of dissolved Nd isotope composition in tracking the 
sources of silicate erosion. Nd flux of the Ganga to the Bay of 
Bengal has been estimated to be around 17000 to 34000 moles 
of Nd annually with εNd value -14.5±0.5. 

The dissolved Nd isotopic composition in the surface 
coastal BoB is 2 to 3 epsilon unit more radiogenic compared to 
the Ganga outflow. Possible reason could be contribution of 
more radiogenic Nd from the Brahmaputra other than estuarine 
processes. The deeper samples indicate desorption of Nd from 
the shelf sediments of the Ganga origin. 
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Ocean island basalts originate through melting of hot 
material from deep in the mantle. Such plume activity 
produces large volumes of lavas and lasts for tens of millions 
of years in strong plumes such as Hawaii or Reunion. Other 
plumes are much weaker, with a much more sporadic surface 
expression. This is the case of the Polynesian island chains. 

The volcanic activity in Polynesia is puzzling in many 
ways. While sitting above a very large mantle anomaly called 
the “South Pacific Superswell”, its surface expression consists 
of four small volcanic chains, the Marquesas, Society, Pitcairn-
Gambier and Cook-Australs whose volcanic activity lasted 
variable times between 5 and 20 My. In each chain, the 
present-day volcanic activity occurs at the southeastern end of 
the chain but in the Cook-Austral chain, active volcanism also 
occurs in other locations. In addition, while the Society, Cook-
Austral and Gambier-Pitcairn islands are roughly aligned along 
the direction of plate movement, this is not the case of the 
Marquesas Archipelago which is oblique to plate movement. 

From a geochemical perspective, Polynesian volcanism is 
also exceptional. Not only the most extreme Pb and some of 
the highest Sr isotopic compositions known in OIB are defined 
by Polynesian basalts but also, in each island chain, a very 
large range exists. All together, the isotopic diversity is the 
most extreme of all OIB chains. Whether the isotopic diversity 
has systematic patterns remains unclear, however: isotopic 
stripes were reported for the Marquesas (Chauvel et al 2012; 
Huang et al 2011) and suggested for the Societies (Payne et al 
2013) but new high-precision isotopic analyses show clearly 
that isotopic stripes are far from systematic.  

Relating the isotopic pattern displayed by Polynesian lavas 
to sampling of two different deep mantle sources on the edge 
of the Pacific LLSVP, as suggested for Hawaii (Weis et al 
2011), does not appear consistent with the isotopic variations 
observed within Polynesia. In contrast, we suggest that they 
originate in small-scale heterogeneities within a deep 
superplume below the South Pacific and that distinct 
heterogeneities were sampled simultaneously at various 
locations.  

 
[1] Chauvel et al G-cubed 2012 [2] Huang et al Nature Geosc. 
2011 [3] Payne et al Geology 2013 [4] Weis et al Nature 
Geosc. 2011. 
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Since the discovery of many precious opal deposits around 
Wegel Tena (Wollo province, Ethiopia), the expansion of 
mining activity allowed to investigate more easily the context 
for opal formation. The conditions to form precious opal 
remain to be clarified: What is the pH story of the formation 
process? Did life play a role in this process? What is the silica 
source and which process can release enough silica to form 
opal ? 

Wegel Tena is located on a wide, Oligocene, ignimbritic 
plateau. Opal occurs in layers strongly weathered showing 
continental pedogenetic features such as roots traces, clays 
pellets, dessication cracks and illuviation marks [1]. Roots are 
also fossilized inside the opal, implying a crystallization of the 
opal during their life or shortly after their death. We propose 
freshly deposited ignimbritic ashes were weathered through 
pedogenesis, releasing silica [2]. As this occurred in a nearly 
flat landscape, silica was not evacuated by flowing water. 
Hence it could accumulate in the soil and then precipitate into 
opal. The process ended with the deposition of a new, fresh 
ashes layer. In some mines, we observed several opalized 
layers superimposed, vertically separated by a welded, fresh 
ignimbrite layer. We propose that the opalization process is 
periodic during the deposition of ashes and that the 
pedogenesis process responsible for precious opal formation 
repeatedly occurred at the same place.  

Finally, we observed that all opalized layers were observed 
in a limited vertical range, less than 20 meters thick. This 
indicates that the pedogenesis events associated with opal 
formation are time-limited during the whole volcanic event.  

 

[1] Rondeau et al (2012), GEEA, 12, 93-104 [2] Bern et al 
(2010), GEOCHIM COSMOCHIM AC, 74, 876-889  
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North Vietnam is a major producer of vivid blue spinel for 
the gem market. In the Luc Yen district, marble mountains 
contain several of blue spinel mines. This is the first 
occurrence where blue spinel is mined in primary deposits, 
making it possible to investigate the geological condition of its 
formation. Blue spinel occurs in an intensely deformed area 
which is part of the Red River Shear Zone [1]. Its marbles have 
already been studied for ruby deposits and proved to be an old 
carbonaceous platform which underwent the Indosinian and 
Himalayan orogenies [2]. We documented the blue spinel host 
rock by petrography, Raman and SEM examination. The 
marble contains ferrous sulfides (mainly pyrrhotite), humite-
group minerals, apatite and pargasite. Chlorine and fluorine are 
present in pargasite and humite minerals, suggesting an 
evaporitic contribution to metamorphism. Sulfides contain 
significant amounts of titanium, nickel, chrome and cobalt. 
These elements are also present in spinel (up to 50 ppma of Co 
as measured by ICP-MS-LA). We propose an ultramafic 
contribution to explain this transition metals enrichment. These 
elements may be transported and/or concentrated by fluids 
during the intense metamorphism like described in this area. 
UV-Vis spectra of spinel show characteristic bands for 
tetrahedrally coordinated divalent cobalt Co2+ (545, 580 and 
625 nm) and iron Fe2+ (bands around 380 nm and at 550, 560, 
590 nm). All this strongly suggests that cobalt is responsible 
for the blue color, together with iron. Vivid blue stones are 
typically rich in cobalt and poor in iron compared to the 
common greyish blue spinels colored by iron. The source of 
cobalt is traced back to a contribution of nearby ultramafic 
rocks during metamorphism. 

 
[1] Garnier et al (2005), The Canadian Mineralogist, 43, 1315-
1329 [2] Garnier et al (2002), Chemical Geology, 188, 33-49  
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Recent studies have suggested seawater-derived noble 
gases and halogens are recycled into the mantle during the 
subduction of the oceanic crust. To better understand their 
behaviour in the material involved in the subduction process, 
we analysed 28 altered mid-ocean ridge basalts (MORB) and 8 
sediments from the oceanic crust. These samples are from 
different Pacific IODP sites (504, 896, 801, 1149, 1256). 
Halogens (Cl, Br, I) and heavy noble gases (36Ar, 84Kr, 130Xe) 
were analysed in neutron-irradiated samples using noble gas 
mass spectrometry.  

The 130Xe/36Ar and 84Kr/36Ar ratios of the altered MORB 
are up to 10 times and 2 times higher than seawater. The 
higher values are associated with altered MORB containing 
from 5 to 50% clay minerals. The I/Cl ratio varies by 4 orders 
of magnitude and the Br/Cl ratio is 30% lower than in fresh 
MORB. I/Cl ratios below those of fresh MORB are attributed 
to Cl-rich amphibole crystallisation in altered basalts. In 
contrast, the higher I/Cl ratios could be related to a 
contamination by sediments. As a consequence of the 
mineralogical control and sediment contamination, the 
130Xe/36Ar ratios and I/Cl wt ratios are higher in the upper 1100 
m of the oceanic crust, with average values respectively 25×10-

4 and 70×10-5. At deeper levels, altered MORB are 
characterized by lower ratios, more similar to seawater 
(130Xe/36Ar = 8×10-4, I/Cl=2×10-5). Cl/36Ar molar ratios in the 
upper layer (106-107) are slightly lower than in the deeper layer 
(5.106-108) and the seawater value (107). 

Our results show that the oceanic crust is a significant 
carrier of noble gases and halogens prior to subduction. Also, 
because the oceanic crust is heterogeneous with depth for 
noble gases and halogens, the composition of the fluids 
released in the mantle wedge during subduction will strongly 
depend on the geodynamic context and on the slab thermal 
regime. 
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The extent to which the subduction process preserves the 
volatile elements signature of the downgoing slab and the 
mechanisms by which these elements are transferred into the 
mantle wedge are not well understood. Halogens (Cl, Br, I) are 
good candidates to trace these processes, due to their 
incompatibility and their relatively high concentrations in 
seawater and marine sediments. A technique developed at the 
University of Manchester [1] allows the high precision 
measurements of these elements on neutron-irradiated samples 
using noble gas mass spectrometry. 

To better constrain the cycle of halogens in subduction 
zones, we analyzed the halogens in 21 volcanic glasses 
(BABB) from three back-arc basins which are known to 
contain slab-derived components viz Manus basin, Lau basin 
and Mariana trough. The extents of La/Sm from 0.6 to 2.1 and 
Ba/Nb from 5.0 to 33.3, indicate respectively different degrees 
of mantle enrichment and slab-derived fluid components 
compared to the MORB mantle source. 

The BABB glasses have relatively constant Br/Cl ratios 
(3.4±0.5×10-3) which are 30% higher than MORB values. The 
I/Cl ratios (0.9 to 7.4×10-5) range from values close to seawater 
to MORB values. The I/Nb ratios positively correlate with 
Ba/Nb ratios, suggesting that I is slab-derived. The positive 
correlations between I/Cl and Ba/Cl suggest a mixing between 
brines assimilation and slab related fluids. However, the I/Ba 
ratio is distinct for Manus samples (16.7±3×10-4) whereas 
Mariana and Lau samples show a similar ratio (2.6±0.7×10-4). 
The difference could reflect different types of fluids affecting 
the mantle wedge source of Manus samples, compared to those 
of Lau and Mariana samples. The Manus samples are 
explained either by a higher proportion of sediments or 
serpentines contributing to the slab fluid component in the 
Manus basin mantle source, or by a more efficient dehydration 
of the I from the slab. 
 
[1] Johnson et al (2000), GCA 64, 717-732 
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Methane (CH4) is an important greenhouse gas, and its 

atmospheric concentration has risen over the past decades to 
about 1.8 ppm. Biogenic CH4 production is mediated by 
methanogens, a group of microorganisms involved in the 
decomposition of organic matter under anoxic conditions. A 
substantial fraction of this CH4 can be used as energy and 
carbon source by methanotrophic microorganisms, thereby 
mitigating CH4 emissions. An estimated 20-30% of global CH4 
emissions originate from natural wetland areas. In these 
environments emissions are influenced by various 
environmental factors, including the presence of vascular 
plants, as CH4 can be released into the atmosphere through 
their aerenchyma. The present study focused on the CH4 cycle 
in selected Swiss alpine fens (1900 - 2300 m a.s.l), combining 
field measurements with microbiological analyses. The sites 
were dominated by two different vascular plants, (namely 
Carex spp. and Eriophorum spp) and showed variation in CH4 
emissions and pore water concentrations (down to 25 cm 
below the water table) in relation to location and dominating 
plant species. Active methanotrophs and methanogens were 
identified by transcripts of the metabolic genes pmoA and 
mcrA, respectively, which were detected throughout the depth 
profiles independently of O2 and CH4 pore water 
concentrations. The expected separation of oxic 
methanotrophic and anoxic methanogenic zones could not be 
clearly demarcated, indicating the presence of microniches. 
Detailed community profiling of the active methanotrophs and 
methanogens at different depths is currently being carried out. 
Our results will further elucidate the processes driving CH4 
emissions in alpine fens and increase our understanding of 
their contribution to global greenhouse gas emissions. 
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Introduction 

There is still a lack of studies focusing on the fate of ENPs 
aggregates and their potential disaggregation behaviour. In this 
study, we proposed and demonstrated a simple method for 
characterising the aggregation behaviour and aggregate 
structure of ENPs in natural waters. 
Results and Discussion 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1: Experimental set-up used in this study. 
 

This novel set-up presents several advantages over 
conventional light scattering measurements. For instance, by 
recirculating the sample inside the measurement cell, it is 
possible to change the conditions of the sample and directly 
measure the effects of such changes on aggregate size. 
Besides, the fractal dimension of the aggregates can be studied 
using a static light scattering (SLS) instrument equipped with a 
series of photosensitive detectors.  
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The combination of sample preparation techniques, 

separation techniques and sample introduction techniques with 
ICP-MS provides multidimensional information about various 
sample types.  

Hyphenated techniques are more often part of the routine 
work in laboratories and there is an increasing need for lower 
detection limits and better resolution. The application of laser 
ablation for elemental mapping requires a fast transport and 
wash-out of the laser generated aerosol from the ablation cell 
and at the same time also a complete acquisition of all isotopes 
of interest in the ICP-MS. Since the material available for the 
analysis is limited and there is a clear tendency towards 
smallest possible spot sizes – the combination of high sensitive 
and fast data acquisition is the key for better data quality. New 
instrumental developments allow resolutions to single-digit µm 
spots and new ablation cells show improved transport 
characteristics. The presentation descibes the layout of an ICP-
MS instrument that offers unmatched high sensitiv and fast 
scan speed for this kind of application. Preliminary results on 
reference materials NIST 612 show more than 2Mcps for Th 
and U (ø65µm, 10J/cm2, 20Hz) at very low oxide formation of 
0.3% ThO/Th. Limits of detection are calculated to 0.04 and 
0.08 ppb for Th and U. The laser ablation parameters were 
optimized for the ablation of geological. The ICP-MS 
instrument was optimized to high sensitivity to allow the 
ablation with small spot sizes. Results from a topological 
mapping experiment on an ammonite sample showed a very 
detailed distribution of Ca and Sr but also trace elements like 
Sc, Y and Zr. 

The work presents results of the quantitative and isotope 
ratio analysis of various samples types. Parameter including 
spot size, sample introduction, 3D-ion focusing and scan speed 
are discussed. 
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Banded iron formations (BIFs), Fe- and Si-rich chemical 
sediments common in Precambrian successions, are a critical 
tool for understanding the composition and evolution of the 
Precambrian ocean [1]. A poorly understood aspect of BIF 
genesis is the origin of Si and its association with the primary 
precipitates that formed these units. Si could have been 
transported to the BIF deposition site by adsorption on hydrous 
iron oxide surfaces [2]; alternatively, Fe and Si may have 
coprecipitated as a single phase [3]. Si isotope fractionation 
may provide a signature of the mechanism(s) involved in BIF 
genesis, but the fractionation factors (ε) for each mechanism 
are poorly constrained. Previous researchers have calculated ε 
for Si adsorption on ferrihydrite [4]; here we experimentally 
explore variations in ε with adsorption mechanism, 
polymerization, and Fe-Si coprecipitation. 

Silica solutions were prepared with sodium silicate and 
NaCl (either 1 mM or 0.7 M), then adjusted to pH 8.1. 
Hematite particles were reacted with silica solutions for 24 
hours. Solutions were purified by ion-exchange 
chromatography and analyzed for δ30Si by MC-ICP-MS. Initial 
results suggest that Si adsorption proceeds first by monomeric 
adsorption on hematite until surface site saturation (at ~145 
µmol Si/g hematite), followed by polymeric adsorption at 
higher Si concentrations. For solutions with initial Si 
concentrations of 125, 800 and 2000 µM, Δ30Si was 4.10 ± 
0.27‰, 1.12 ± 0.29‰, and 0.53 ± 0.31‰, respectively (Δ30Si ≡ 
δ30Siaq, final - δ30Siaq, initial). These measurements imply larger ε 
(-3 to -6‰) than previously reported by [4] and indicate that 
εpolymeric is smaller than εmonomeric. Increasing ionic strength had 
little effect on observed Si isotope fractionation. These ε will 
be compared to those associated with coprecipitation of Fe-Si 
oxyhydroxides, to be synthesized by base titration of Fe3+-Si 
solutions and by air oxidation of Fe2+-Si solutions, to assess 
the range of Si isotope signatures expected in Precambrian 
oceans. 
 
[1] Klein (2005) Am. Min., 90, 1473-1499 [2] Fischer and 
Knoll (2009) GSA Bull., 121, 222-235 [3] Rasmussen et al 
(2014) GSA Bull., doi:10.1130/B30944.1 [4] Delstanche et al 
(2009) GCA, 73, 923-934  
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A high-resolution oxygen isotope record based on 

conodont apatite from several low latitudinal sections in South 
China was obtained in order to unravel Permian 
palaeotemperature and ice volume history. 

Permian oxygen isotope record measured on conodonts 
from South China exhibits relative high values between 22 and 
23‰ VSMOW during the glaciated Early Permian, translating 
into warm seawater temperature between 26 and 30 °C, 
assuming that the Late Palaeozoic ice volumes were 
comparable to the Pleistocene glacial maxima. In contrast to 
the earlier view that the Late Palaeozoic Ice Age (LPIA) 
terminated in the late Sakmarian, the South China conodont 
apatite oxygen isotope record suggests waning of the ice sheets 
in the Kungurian. Ice melting is indicated by a pronounced 
decrease in δ18O of 2‰ VSMOW, which is interpreted as 
reflecting the combined effect of climatic warming and glacial 
ice melting.  

4 °C warming succeeded by 6 to 8 °C cooling are observed 
during the Guadalupian–Lopingian transition, interpreted as 
combined climate changes induced by Emeishan volcanism 
and changes in habitat depth of gondolellid conodonts. Oxygen 
isotope values increase to 22‰ VSMOW in the Changhsingian, 
which suggests climate cooling and Clarkina moving to deeper 
waters because of the Changhsingian sea level rise. Across the 
Permian-Triassic boundary, δ18O values decrease from 22 to 
19‰ VSMOW, parallel to the significant negative carbon 
isotope excursion. 
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The leucosome is interbeded with an eclogite enclosed in 
granitic gneiss in the Yuka UHP terrane in the North Qaidam. 
It consists of albite, garnet, amphibole, phengite and minor 
apatite, rutile and quartz. Garnets show diablastic texture with 
lots of small irregular quartz inclusions. Apatites occur as 
euhedral prism inclosed in coarse grained albite. Rutiles have 
two occurrences, one is of large size with rounded shape and 
the other is euhedral prismatic crystal. Zircon U-Pb dating and 
microinclusion investigation indicated that the leucosome 
underwent eclogite-facies metamorphism with coexisting 
coesite-bearing eclogite at the same time, however, no HP/ 
UHP indicators were found in existing mineral assemblage. To 
trace its genesis and metamorphism, mineral geochemistry 
analyses were performed. Garnets show mutiple-stage growth 
zoning pattern of an increase in pyrope and decrease in 
grossular and spessartite components at the rim. All analyzed 
garnets display MREE enriched REE patterns with positive Eu 
anomaly, similar to that of garnet outer rims in adjacent UHP 
eclogite, which formed at the tempereture peak stage during 
initial exhumation. Phengite has Si value of about 3.4 p.f.u. 
Apatites are fluorine-type and contain high content of Sr and 
LREE and display LREE enrichment (LaN/SmN>1) and HREE 
depletion REE patterns without any Eu anomaly, indicating the 
fluid/melt-assosiated HP metamorphic origion. in situ apatite 
Sr isotope analyses obtained (87Sr/86Sr)0 vary slightly between 
0.709 and 0.710, similar to the hosted leucosome of 0.717 to 
0.734 and adjacent eclogite of 0.713 to 0.715, distinct from 
granitic gneisses of 0.810 to 0.873. Coarse grained rutiles have 
higher Nb (4577~7123 ppm), lower Ta (118~290 ppm) content 
and suprachondritic Nb/Ta ratios (19.55~38.59) compared to 
the euhedral prism ones (4716~5985 and 247~363 ppm and 
13.9~20.8, respectively), both distinct from those in the 
adjacent eclogite (844~1249 and 46.12~67.93 ppm and 
15.8~19.7, respectively) and in micro-phengite-quartz vein in 
the eclogite (923~1650 and 74.43~376.77 ppm and 4.4~13.7, 
respectively). All of these suggest that 1) the leucosome has 
once underwent at least HP metamorphism; 2) Apatite and 
euhedral rutile formed during the initial exhumation associated 
with fluid/ melt activity; 3) The content of Nb and Ta in rutile 
were mainly controled by their protolith composition. 
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Particle nucleation from trace atmospheric vapors accounts 
for a large fraction of the number concentration of particles in 
air and up to half of global cloud condensation nuclei. 
Understanding particle formation from gaseous precursors is 
therefore critical for improving our ability to predict visibility 
reduction, health effects and climate forcing. Methanesulfonic 
acid and amines are frequently detected in new particles in the 
atmosphere, indicating that they are potentially important 
gaseous precursors. While it is well established that ammonia 
and amines enhance particle formation from sulfuric acid by 
orders of magnitude, particle formation and growth from 
methanesulfonic acid and amines has only recently been 
demonstrated in this laboratory. In order to further investigate 
this chemistry at much earlier stages than previously possible, 
a borosilicate glass fast flow reactor was developed. Particle 
distributions are measured using a scanning mobility particle 
sizer for particles down to 2.5 nm, and gaseous precursors are 
collected and analyzed by ultra performance liquid 
chromatography and ion chromatography. The relative 
effectiveness of particle formation from ammonia, 
methylamine, dimethylamine, and trimethylamine with 
methanesulfonic acid and the dependence on precursor 
concentrations and relative humidity will be reported. 
Quantum chemical calculations are performed to provide 
insights on intermediate clusters and particle formation 
mechanisms. The effect of organics on particle growth is 
currently under investigation. Our results suggest that 
nucleation of methanesulfonic acid and ammonia/amine can 
partially explain particle formation in the atmosphere. 
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The Earth’s mantle has been inferred to have a 
homogeneous Ca isotope composition based on limited 
measurements of igneous rocks [1-2]. In order to better 
understand the behavior of Ca isotopes during magmatic 
processes, and to provide a robust compositional estimate for 
Bulk Earth, we have analyzed a representative suite of mantle-
derived rocks (n > 50), including mantle xenoliths, oceanic 
island basalts (OIB), komatiites and carbonatites. 

Calcium isotope compositions were analyzed by MC-ICP-
MS following methods outlined in [3], and are reported as 
δ44Ca = (44Ca/40Ca)sample/(44Ca/40Ca)SRM 915a. Geostandard 
analyses agree well with previous measurements using TIMS 
and double-spike techniques [4-5]. Cogenetic samples from the 
Canary Islands have similar δ44Ca despite exhibiting 
substantial chemical variability, indicating limited isotopic 
fractionation during fractional crystallization of mafic 
magmas. However, significant isotopic variations exist 
amongst different rock types and tectonic settings, with, in 
general, δ44Ca decreasing from ultramafic to mafic rocks.  

The δ44Ca values for mantle xenolith samples vary from 
0.81 to 1.25 ± 0.10 ‰ (2sd), indicating that Ca is isotopically 
heterogeneous in Earth’s mantle. We infer that this is due to 
different degrees of partial melting, combined with recycling 
of ancient crust materials into the mantle and metasomatic 
alteration [4]. The OIB samples have a smaller δ44Ca range, 
~0.2‰ lighter than the mantle xenoliths. This offset likely 
stems from Ca isotopic fractionation during partial melting, 
and implies that the δ44Ca values of primitive basaltic melts 
does not represent the composition of the mantle source. The 
δ44Ca of komatiites cluster between the average value of 
basalts and mantle xenoliths, however, samples from the 3.3 
Ga Weltevreden Formation (South Africa), which have 
experienced sea-floor metasomatism, are significantly enriched 
in heavy isotopes (av. 1.36 ± 0.10‰; n=4). These new results 
indicate that Ca isotopes are potentially powerful tracers of 
partial melting and differentiation.  

 
[1] Amini et al (2009) GCA 73 [2] Simon & Depaolo 
(2009) EPSL 289 [3] Valdes et al EPSL (submitted) [4] 
Huang et al (2011) GCA 75. [5] Amini et al (2009) GGR 
33  
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Mass independent isotopic anomalies of neutron-rich iron 

group elements in Ca-Al rich inclusions (CAIs) of primitive 
meteorites were believed to be created by incomplete mixing 
of stellar materials in the early solar epoch [1]. Those neutron-
rich isotopes, such as 48Ca, 50Ti, and 54Cr are mainly 
synthesized by nuclear statistical equilibrium process during 
the last stage of stellar evolution. Because most of neutron-rich 
isotopes, especially 48Ca, cannot be ejected from core-collapse 
type-II supernovae (SNeII) explosion [2], neutron-rich type-Ia 
supernovae (nSNeIa) are instead the most likely stellar site for 
the prodution and subsequent injection of these isotopes into 
instellar medium [3]. Considering of the solar abundances of 
alpha nucleii (40, 44Ca, 48Ti, and 56Fe) relative to 48Ca, nSNeIa 
have to occur infrequently (~once per ten thousand year) [3] 
compared to other types of supernovae. 

Shen and Lee (2003) [4] reported a correlation line 
between 138La/139La and 50Ti/48Ti in CAIs, however, the current 
nucleosynthesis theory suggested that 138La was synthesized by 
a neutrino process, which is believed to occur during explosion 
of SNeII [5]. Thus there was a controversy about the stellar-
nucleosynthetic origin of these anomalies. 

We will report our high precision 48Ca/44Ca data for 
Allende CAIs which confirm that there is no simple correlation 
between 48Ca/44Ca and 50Ti/48Ti. By comparing these data with 
the 48Ca/44Ca, 50Ti/48Ti, and 54Cr/52Cr correlation line among 
differentiated meteorites discovered by Chen et al. (2011) [6], 
we propose that there were two types of stellar sources 
contributing to 50Ti inf CAIs, the first one came from nSNeIa, 
while the other came perhaps from O/Ne layer of SNeII where 
the neutrino process is thought to be producing 138La. 

 
[1] Wasserburg et al (1980) In Early Solar System Processes 
and the Present Solar System, 144-191. [2] Nomoto et al (2013) 
ARA&A 51, 457-509. [3] Woosley (1997) ApJ 476, 801-810. 
[4] Shen and Lee (2003) ApJL 596, L109-L112. [5] Heger et al 
(2005) PhLB 606, 258-264. [6] Chen et al (2011) ApJL 745, 
L23. 
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Contrasting to larger river systems that drain relatively 

pristine basins, little is known on the geochemistry of 
sediments of smaller rivers impacted by intense human 
activities. In this paper, we present a first systematic 
investigation of the anthropogenic overprints on both major 
and trace element geochemistry in suspended particulate 
matters (SPM) from a geographical transect, and a temporal 
sampling series, and in fresh riverbank deposits (FRD) of the 
human-impacted Seine River, France. Most elements are 
fractionated with grain size, as shown by the SPM composition 
over two depth-profiles collected in Paris, and by the 
comparison between SPM and FRD, the latter being 
particularly coarse and enriched in carbonates and heavy 
minerals and thus in elements such as Ba, Ca, Cr, Hf, Mg, Na, 
REEs, Sr, Ti, Th, and Zr. Although the enrichment/depletion 
patterns of some elements (i.e. K, REEs, Zr, etc.) can be 
largely explained by a binary mixture between two natural 
lithological sources, other elements such as Cd, Cu, Mo, Pb, 
Sb, Sn, and Zn in SPM collected in Paris over three years 
shows that a third anthropogenic end-member is needed to 
account for their enrichments at low water stage. These 
“anthropophile” elements display a progressive enrichment 
downstream and different geochemical behaviors with respect 
to the hydrodynamic conditions (i.e. grain size) compared to 
elements having mainly natural origins. We estimate that for 
these elements, the anthropogenic input at low water stage 
represents more than 10 to 20% of the total elemental flux at 
Paris. Our findings emphasize the need for systematic studies 
on these anthropophile elements in other rivers impacted by 
human activities, and stress out that the chemical variability 
associated with grain size and temporal discharge variations 
must be taken into account when characterizing riverine 
element geochemistry and assessing the flux of elements 
transported by rivers to the ocean. 
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The composition of andesitic rocks has bearing on the 

origin of continental crust, and various models such as FC, 
AFC and MASH have been purposoed for their petrogenesis. 
However, it is still enigmatic with respect to interpretation of 
geochemical data. We advocate that the source mixing at the 
slab-mantle interface in oceanic subduction channel is 
responsible for generation of mafic-ultramafic sources for 
andesitic magmatism. This is illustrated by a combined study 
of whole-rock major-trace elements and Sr-Nd-Hf isotopes as 
well as zircon U-Pb ages and Hf-O isotopes for Mesozoic 
basaltic-andesitic volcanics from in the Middle-Lower Yangtze 
River Belt, South China. These volcanics are primarily 
composed of basaltic trachyandesite and trachyandesite, with 
small amounts of trachybasalt and trachyte. They exhibit 
variable contents of SiO2 (48.66-63.43 wt. %), MgO (0.39-4.85 
wt. %), Na2O (1.22-6.07 wt. %) and K2O (2.53-10.10 wt. %), 
with highly variable K2O/Na2O ratios from 0.45 to 7.39. They 
are characterized by arc-like trace element distribution patterns, 
with significant enrichment of LILE, Pb and LREE but 
depletion of HFSE. They exhibit relatively enriched Sr-Nd-Hf 
isotope compositions, with initial 87Sr/86Sr ratios of 0.7050 to 
0.7066, negative εNd(t) values of -8.0 to -3.1 and negative εHf(t) 
values of -11.1 to -1.1. Zircon U-Pb dating yields consistent 
ages of 127±2 to 137±1 Ma for magma emplacement through 
volcanic eruption. The zircon exhibits slightly high δ18O values 
of 5.3 to 7.6‰ and variable εHf(t) values of -13.1 to 2.6. An 
integrated interpretation of all these geochemical results leads 
to the conclusion that the Luzong basaltic-andesitic volcanics 
were primarily derived from partial melting of fertile and 
enriched mantle sources that are similar to those of continental 
arc andesites. Such mantle sources are hypothesized to form by 
reaction of the mantle wedge peridotite with hydrous felsic 
melts derived from subducting seafloor sediment due to the 
Andes-type oceanic subduction. As a consequence, the mantle 
wedge would be metasomatized by larger amounts of the felsic 
melts than the case for common oceanic arc basalts. Therefore, 
the significant incorporation of sediment-derived felsic melts 
into the mantle wedge is a key to the origin of continental arc 
andesites. This provides insights into the origin of mantle 
sources above the fossil Andes-type oceanic subduction zone 
and thus into the petrogenesis of continental arc andesites. 
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Natural variations in the 238U/235U ratio of marine 

carbonates may provide a useful way of constraining past 
variations in ocean redox conditions. However, to successfully 
exploit this novel redox proxy, it is essential to understand 
fractionation effects that may occur during precipitation of 
calcite and aragonite from seawater and during the early 
diagenetic conversion of aragonite to calcite. To explore these 
effects, we conducted controlled laboratory coprecipitation 
studies of U(VI) with calcite and aragonite. 

Aragonite and calcite experiments were conducted at pH 
8.5±0.1 using a constant addition method similar to [1]. Due to 
design constraints, the calcite experiment was conducted at a 
higher ionic strength and faster precipitation rate than the 
aragonite experiment. Dissolved U remaining in solution was 
collected at various time points throughout the experiments. 
Experiments were terminated when >90% of U was 
incorporated into the solid phase (~7 days). Samples were 
purified using UTEVA chemistry and δ238/235U was measured 
using a 233U-236U double-spike and MC-ICP-MS, attaining a 
precision of ±0.10‰ (2σ) [2]. We find that 238U is 
preferentially incorporated into aragonite. The data from the 
aragonite experiment can be fit by a Rayleigh fractionation 
curve with a 238U/235U fractionation factor of α=1.00008 ± 
0.00002. In contrast, the calcite experiment demonstrated no 
resolvable U isotope fractionation (α=1.00001±0.00003). 

Further work is needed to understand the mechanisms 
leading to the different isotopic fractionation of U(VI) during 
incorporation into aragonite and calcite. Possible drivers 
include differences in U coordination in the crystal structures 
or equilibrium isotopic fractionation between various aqueous 
U(VI) species prior to incorporation.  
 
[1] Reeder et al (2001) GCA 65, 3491-3503 [2] Weyer et al 
(2008) GCA 72, 345-359 
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Titanite is a common accessory mineral in subduction-zone 

HP to UHP metabasite and metagranite. Because it is sensitive 
in metamorphic reactions, feasible to date by the U-Pb method, 
and its high contents of REE and HFSE, titanite has received 
much attention in the study of element mobility in response to 
P-T change and fluid action during subduction-zone 
metamorphism. We present a combined U-Pb dating and trace 
element analysis for titanites in UHP metamorphic gneisses 
from the Sulu orogen, China.  

LA-ICPMS titanite U-Pb dating yields Triassic ages for 
low common Pb domains, generally in agreement with the U-
Pb ages of metamorphic zircon from the same sample. 
However, there are significant differences in trace element 
composition between different titanite domains. Based on REE 
distribution patterns and trace element compositions, three 
types of titanite domains are distinguished. The relict domains 
of magmatic origin (Ttn-I) exhibit high common Pb contents, 
high Th and REE contents and high Th/U ratios, but low Nb 
contents and Nb/Ta ratios. The newly grown domains of 
metamorphic origin (Ttn-III) show significantly declined Th 
and REE contents and low Th/U ratios, but elevated Nb 
contents and Nb/Ta ratios (up to 239). Metamorphosed titanite 
domains (Ttn-II) exhibit similar REE patterns, Th/U or Nb/Ta 
ratios to the relict protolith domains. The Ttn-I domains show 
similar U-Pb ages to the other domains, indicate reworking of 
the U-Pb radiometric system during the Triassic 
metamorphism.  

The different titanite domains exhibit large and systematic 
variations in trace element contents, indicating significant 
mobility of these elements at mineral scale. Especially, the 
variably elevated Nb contents and Nb/Ta ratios for the Ttn-II 
and Ttn-III domains suggest large Nb/Ta fractionation during 
the metamorphism. This is probably caused by differential 
release of Nb and Ta from breakdown of amphibole and biotite 
to metamorphic fluid. A model was proposed to interpret the 
different element responses during the interaction between 
metamorphic fluid and the protolith titanite to form the Ttn-II 
and Ttn-III domains.  
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As the main tectonic component of the Himalayan–Tibetan 

orogen, the Lhasa terrane, has received much attention as it 
preserves records of the entire history of the orogeny. The 
occurrence of high-pressure eclogites has a significant bearing 
on the Paleo-Tethys subduction and plate suturing processes in 
this area. An eclogite from the Bailang country was 
investigated with a combined metamorphic P–T and U–Pb, 
Lu–Hf, Sm–Nd and Ar–Ar multichronometric approach. 
Pseudosection modeling combined with thermobarometric 
calculations indicate that the Bailang eclogite equilibrated at 
about 25–28 kbar and 450–520 °C, which is much lower than 
those of Sumdo and Jilang eclogites in this belt. Garnet–whole 
rock–omphacite Lu–Hf and Sm–Nd ages of 238.1 ± 3.6 Ma 
and 230.0 ± 4.7 Ma were obtained on the sample respectively, 
which is largely consistent with the corresponding zircon U–Pb 
age of 243 ± 6 Ma within uncertainty. Because metamorphic 
temperature of the samples is well below the Lu–Hf and Sm–
Nd closure temperatures in garnet, the garnet displays a core-
to-rim decrease in Mn and HREE concentrations typical of 
prograde zoning, and the slightly U-shaped Sm zoning pattern, 
the Lu–Hf and Sm–Nd ages were thus interpreted as the age of 
eclogite-facies metamorphism with the Lu–Hf age skewing to 
an earlier garnet growth and the Sm–Nd age towards an late 
garnet growth. The diversion of peak metamorphic conditions 
and the distinct metamorphic ages for the Bailang eclogite, the 
Sumdo eclogite and the Jiang eclogite in the same (ultra)-high-
pressure belt indicate that this region comprises different slices 
that had distinct P–T histories and hence underwent (U)HP 
metamorphism at different times. The initiation of the opening 
the Paleo-Tethys basin in the Lhasa terrane could trace back to 
the early Permian. The ultimate closure of the Paleo-Tethys 
basin in the Lhasa terrane was no earlier than ca. 238 Ma. 
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We examine the density structure of the Siberian craton, 
where mantle-derived xenoliths show strong lateral 
heterogeneity and vertical stratification of the lithosphere 
mantle (LM). The density calculation is based on buoyancy 
approach. The crustal correction is based on the recent regional 
crustal model SibCrust (Cherepanova et al, 2013). The thermal 
contribution is based on the analysis of regional heat flow data 
(updated thermal model of Artemieva and Mooney, 2001). 
Given that regional xenolith data indicate high Mg# below 
Moho and essentially fertile composition below a 150 km 
depth, we consider two models of density distribution (1): 
thickness of thermal and chemical boundary layers (TBL and 
CBL) is the same, i.e. density anomaly is distributed through 
the entire LM (Moho to LAB). (2): CBL extends from Moho to 
150 km depth, and fix LM density between 150 km depth and 
the LAB at 3. 36 g/cc. We compare both results with regional 
xenolith data. Our results indicate the presence of a very fertile 
mantle beneath parts of the craton affected by different 
tectono-magmatic events, while most of the craton interior has 
a depleted LM. However, the most depleted Archean LM is 
observed underneath the Anabar and Aldan shields, in regions 
which have not been sampled by kimberlites. Our results 
support earlier conclusions based on seismic tomography study 
(Artemieva, 2009) that kimberlites are non-representative of 
pristine cratonic LM. Based on the gravity and buoyancy 
modelling, we argue that Archean LM sampled by kimberlites 
has been metasomatically modified and the most depleted 
cratonic LM in Siberia is restricted to shield regions. 
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Diffusion of Ti has been characterized in natural olivine 
(Fo90) and in synthetic forsterite. Experiments were conducted 
with pre-fired mixtures of oxide powders and ground olivine as 
sources of diffusant; experiments on natural olivine were run 
in sealed silica ampoules with solid buffers (NNO and IW) to 
investigate the dependence of diffusion on oxygen fugacity. 
The effects of olivine crystallographic orientation were also 
explored. Following diffusion experiments, Ti distributions in 
the samples were profiled with Rutherford Backscattering 
Spectroscopy. For Ti diffusion in synthetic forsterite, we 
obtain the following Arrhenius relation for diffusion parallel to 
the c-axis, over the temperature range 900 – 1400°C: 

DFo100 = 5.97x10-14exp(-203 ± 19 kJ mol-1/RT) m2sec-1. 
For the natural olivines under NNO-buffered conditions, 

we obtain the Arrhenius relation: 
 DFo90 = 2.98x10-14exp(-198 ± 41 kJ mol-1/RT) m2sec-1. 
Ti diffusion in olivine appears relatively insensitive to 

oxygen fugacity and orientation. Additional experiments at 
higher pressures are underway to evaluate effects of the 
presence of hydrous species on Ti diffusion in olivine. 

Ti diffusivities in olivine are similar to those of the 
trivalent REEs [1], but considerably slower than those of Fe-
Mg [2] and Cr [3] in olivine. Ti diffusivities in olivine and 
pyroxene (diopside and orthopyroxene) are comparable over 
investigated temperature ranges, differing by about half a log 
unit at 900°C, but have increasing variance at lower 
temperatures given the higher activation energies for Ti 
diffusion in pyroxene compared with olivine [4]. These large 
differences in cation mobility among Ti, Cr, Fe-Mg and the 
REE in pyroxene and olivine may allow us to distinguish 
dominant process that gives rise to the chemical disequilibria 
in olivne and pyroxene. With decreasing temperature, Ti and 
REE are preferentially partitioned from olivine to pyroxene in 
ultramafic rocks. Diffusive exhange models with temperature-
dependent diffusion and partition coefficients have been 
developed for the olivine-pyroxene bi-mineralic and tri-
mineralic systems, allowing us to assess cooling rates and 
closure temperatures of the ultramafic rocks. 

 
[1] Cherniak (2010) Am. Mineral. 95, 362-368 [2] Dohmen et 
al (2007) CMP 34, 389-407 [3] Ito & Ganguly (2006) GCA 70, 
799-806 [4] Cherniak & Liang (2012) GCA 98, 31-47 
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We present results on 238U/235U and 234U/238U for U-
mineralized rocks and ground waters. Both ratios were 
analysed by MC-ICP MS. 238U/235U was precisely (± 0.07‰) 
analysed with 233U–236U double spike.  

We studied rocks and waters from open-pit of 
Tulukuevsky U deposit of 135 ± 2 Ma age (Streltsovsky ore 
field, E. Tranbaikalia). Walls of the open-pit expose rhyolitic 
ignimbrites containing off-balance fine-disseminated 
mineralization. Host ignimbrites have 238U/235U in a range 
137.870 – 137.802. Ground waters drained by the deposit 
open-pit are ~ 0.14‰ lighter in 238U/235U (137.814 – 138.791). 
The last have positive correlation with 234U/238U (×105) ratio, 
which lies in range 9.65 – 7.37 much higher than equilibrium 
value. Acid leachates (2N HCl) from the ignimbrites exhibit 
lower 238U/235U values (137.841 – 137.715) as compared to 
whole rock samples. 

Our findings imply that water-rock interaction results in 
235U enrichment in liquid. It is consistent with the results 
obtained for conditions, such as HCl-leaching of euxenite [1], 
HF-abrasion of zircons [2]. T0-dependent isotope fractionation 
during redox U(VI) → U(IV) [3, 4] could be responsible for 
wide range of 238U/235U variations (0.12 – 0.70‰), which we 
have found inside individual U deposits. It includes variations 
(up to 0.45‰) documented in local volumes of U-oxide 
aggregates [5]. Thus 238U and 235U isotope fractionation, which 
is caused by natural water action and experimental acid 
leaching of U-bearing minerals, is due to dissolution of 
minerals possessing originally divergent 238U/235U. 

 
Financial support by RFBR (grant N12-05-01060-а) 
 

[1] Stirling et al (2007) EPSL, 264, 208-225 [2] Hiess et al 
(2012) Science 335, 1610-1614 [3] Weyer et al (2008) 
Geochim. Cosmochim. Acta, 72, 345-359 [4] Schauble et al 
(2009) Elements, 5, 369-374 [5] Chernyshev et al (2013) 
Goldschmidt 2013. Conf. Abst., 871 

 
 



 Goldschmidt2014 Abstracts  

 

410 

410 

Zn(II) and Cu(II) adsorption and 
retention onto iron oxyhydroxide 

nanoparticles: effects of chloride and 
sulfate 

CHESNE R. B1 AND KIM C. S1* 
1School of Earth and Environmental Sciences, Schmid College 

of Science and Technology, Chapman University, One 
University Drive, Orange, California 92866, United States 
(*correspondence: cskim@chapman.edu) 

 
Nanoscale iron oxyhydroxides, which are frequently found 

in aqueous environments, can act as effective sorbents for 
dissolved metals because of their small size, high surface area, 
and natural reactivity, making them a relevant option for the 
remediation of contaminated waters. However, they aggregate 
under natural geochemical conditions, such as changes in ionic 
strength, pH, and temperature, thus affecting their metal 
sorption capabilities. Environmental changes following metal 
uptake can also impact metal retention, such as the increase in 
salinity associated with the migration from fresh water to 
seawater. 

Synthetic iron oxyhydroxide particles are used in batch 
macroscopic zinc and copper uptake experiments, mimicking 
the transition from fresh water to seawater by increasing the 
environmental ionic strength following initial metal uptake. 
Chloride studies, which utilized concentrations of 0.1 M, 0.4 
M, and 0.6 M chloride, improved zinc retention as the chloride 
concentration increased following a decrease in retention at 0.1 
M chloride, and seemed to best support copper retention at 
0.4M environmental chloride. Zinc retention behavior is likely 
explained by the formation of ternary surface complexes at 
higher chloride concentrations, and copper retention behavior 
is likely due to indirect interactions between sorbed copper and 
aqueous chloride. 

The experiment will be repeated with sodium sulfate, using 
concentrations of 0.01 M, 0.02 M, and 0.03 M, as well as with 
both sodium chloride and sodium sulfate to investigate their 
effects on metal retention together as well as individually. 
Based on previous work [1, 2] we expect sulfate to form 
ternary surface complexes and stabilize sorbed zinc and 
copper. 

 
[1] EXAFS study of Hg(II) sorption to Fe- and Al- (hydr)-
oxide surfaces: II. Effects of chloride and sulfate, Kim, 
Rytuba, & Brown (2004), Journal of colloid and interface 
science 270 (1), 9-20 [2] Goethite adsorption of Cu(II), Pb(II), 
Cd(II), and Zn(II) in the presence of sulfate: Properties of the 
ternary complex, Swedlund, Webster, & Miskelly (2009), 
Geochimica Et Cosmochimica Acta 73 (6), 1548-1562 
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Cold seep areas characterized by methane escapes on 

marine continental margins are the scenes of an extraordinary 
development of benthic fauna. Symbiosis with chemosynthetic 
bacteria allows the invertebrates such as mussels or tubeworms 
to gain nutrition independently of organic input from 
photosynthetic communities. In order to determine the 
microbial taxonomy and elucidate the metabolic functioning of 
these chemosynthetic symbioses, several molecular 
biochemical tools were used, generally focused on the survey 
of DNA marker genes. Among these tools, the lipid 
biomarkers and their stable carbon isotope signatures have also 
greatly participated in understanding the nutrition mode and 
the carbon metabolism of the microbial symbionts and, thus, of 
their host organisms. However, only few studies, mainly from 
the Gulf of Mexico, have been devoted so far to the analysis of 
invertebrate lipids from cold seep environments chiefly due to 
the complexity of discriminating their potential sources (from 
the host organism and from the different microbial symbionts).  

In the present study, we investigate the lipid biomarker 
distribution and stable isotope signatures in the gills of a cold 
seep mussel, Bathymodiolus aff. boomerang, hosting two types 
of endosymbiotic bacteria (methane- and sulphur-oxidisers) 
collected from three cold seep areas in Gulf of Guinea. 
Consistent with the DNA data, initial results have shown a 
wide range of lipid biomarkers related to bacterial symbionts, 
such as fatty acids (e.g. numerous C16:1 FAs) showing high 
concentrations (up to 23 mg g-1). The potential variability of 
the lipid patterns from different cold seep habitats will allow us 
first to better assess the biological source of the lipid 
biomarkers and then better constrain the relative composition 
of methane- and sulphur oxidising symbionts in the gills of a 
cold seep mussel in function of site-specific environmental 
conditions. 
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Lead isotopic signatures vary greatly in nature and in 

different anthropogenic sources due to in growth of daughter 
Pb isotopes from radioactive decay of U and Th isotopes. 
Because sources of Pb to the environment have changed 
dramatically in the last two centuries, so has the concentration 
and isotopic signature of Pb entering the environment. Because 
Pb isotopes are not signficantly fractionated, they are useful as 
tracers of sources of Pb and other particulate contaminants to 
the environment. Pb isotopes may also be useful as a 
chronostratigraphic marker in sediments in regions where the 
Pb isotopic record is well known. 

An elevation in 206Pb/207Pb is observed in several 
watersheds in eastern North America as well as corals in 
Bermuda deposited circa 1850 (Lima et al 2005, Kelly et al 
2009, Gobeil et al 2013). This peak is attributed to Pb ore 
smelting in the Upper Mississippi Valley and may provide a 
much needed chronological marker in older lake sediments. 
Thus, it is important to determine the regional extent of where 
this peak is observable so that Pb isotopes could be used as an 
independent sediment dating technique. 

Lead isotopes and concentration profiles will be presented 
from several stratified lakes from the Northern USA and 
Canada. For example, Siskiwit Lake (48oN) has a Pb 
concentration profile consistent with the Bermuda coral record 
showing a large peak due to the use and phasing out of leaded 
gasoline in North America. Another lake at 49.2oN, which is 
mostly affected by winds from more northern regions, has a Pb 
concentration profile with much lower concentrations that 
increases to present. Pb isotopes will determine the northerly 
extent of the mid-nineteenth century 206Pb/207Pb peak and will 
help constrain the current and historical sources of lead and 
other particulate contaminants to these lakes. 
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The world-class Zijinshan Au-Cu deposit is located within 
a northeast-trending Jurassic-Cretaceous volcanic-granitic suite 
in western Fujian, southeastern China. It is a high-sulfidation 
epithermal deposit, with Au mineralization in the upper part 
and Cu mineralization in the lower part over a vertical range of 
more than 1000m. Recent discoveries of porphyry-type Cu-Mo 
deposits adjacent to the Zijinshan deposit have provoked the 
interest in exploring for porphyry-type orebodies below the 
epithermal system in Zijinshan. A porphyritic granodiorite 
intrusion underneath the epithermal mineralization, 
encountered by deep drilling, has been inferred to be 
representative of the parent magma that provided the ore-
forming metals and fluids. In order to verify this hypothesis, 
we studied melt inclusions from the intrusion.  

A large number of melt inclusions were found in quartz 
phenocrysts in the granodiorite. The melt inclusions were 
mostly less than 20 microns in diameter, rounded, composed of 
glass, crystals, and a vapor phase, and are distributed in 
isolation, trails, and clusters. The vapor to solid ratios range 
from 20% to 80% at room temperture. Most melt inclusions 
homogenized to a melt at temperatures between 800 oC 860oC, 
but many still contained a vapor phase at 860oC. This is 
interpreted to indicate that the melt was saturated with fluid at 
entrapment, and the inclusions that homogenized below 860oC 
resulted from homogeneous trapping (just melt), whereas those 
that could not homogenize represent heterogeneous trapping 
(melt + fluid). 

Some of the relatively large melt inclusions (between 10 
and 20 microns) are selected for electron microprobe analysis. 
The melt inclusions were exposed by careful gradual polishing 
and analyzed with an CAMECA SX-100 electron microprobe. 
The lowest SiO2 content obtained was 63%, which is similar to 
that of the porphyritic granodiorite; most analytical results, 
however, show SiO2 contents from 67% to 82%, suggesting 
influence of the host quartz due to the small size of the melt 
inclusions. Ongoing studies aim to determine the Cu and Au 
contents in the melt inclusions with the LA-ICP-MS method.  
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Small mountainous rivers (SMRs), most of which are 
located along active margins, play a unique role in marine and 
global carbon cycles. SMRs drain only ~20% of land, but 
deliver approximately 40% of the fluvial sediment to the 
global ocean, which is roughly equivalent to the fraction 
delivered to all passive margins. In addition to high sediment 
yields, SMRs are unique in the ability to sequester large 
quantities of organic carbon (OC), due to composition and 
delivery method. Primary factors contributing to the efficient 
sequestration of OC are hypothesized to be dependent on 1) the 
recalcitrant nature of the OC and 2) episodic delivery to the 
seabed in rapid burial events. Particulate organic carbon 
exported from SMRs is 7 – 75% fossil carbon (kerogen), 
which is inherently recalcitrant. Efficient burial of particulate 
organic carbon (POC) contributed from these systems likely 
plays an important role in long-term atmospheric O2 and CO2 
buffering, as well as preserve a thorough record of paleo-
environments. 

Most of our knowledge of SMR sedimentary systems is 
from contemporary environments, however sediment 
accumulation in SMR shelves has varied over time in response 
to anthropogenic impacts, climate change and sea level. These 
forcing functions have influenced long-term sediment and OC 
accumulation rates. Changes in OC accumulation rate are 
therefore expected to influence the quantity and/or 
composition of OC on SMR margins. 

To investigate the effect of long-term, spatially extensive 
forcings on the geochemical record of SMRs we use the 
Waipaoa River, New Zealand. The Waipaoa River represents a 
system of interest due to its large sediment yield (6750 
tons/km2/yr), despite draining only 2205km2. Continental shelf 
cores collected by the MATACORE group aboard the R/V 
Marion Dufresne in 2006 extend to 10 ka. Correlations 
between sediment accumulation rates, OC burial flux, and 
eustatic sea-level rise suggest a system responsive to climate 
forcings. However, organic geochemical proxies, including 
δ13C, δ15N, and lignin phenols	  do not correlate strongly with 
mean millenial-scale burial fluxes but instead exhibit notable 
variability in response to shorter-termed events and processes. 



 Goldschmidt2014 Abstracts  

 

415 

415 

Termination of arc magmatism by 
lithospheric thickening: insights from 
Lu-Hf and Sm-Nd chronology and Al-

diffusion kinetics 
EMILY J. CHIN1, CIN-TY A. LEE2  

AND JANNE BLICHERT-TOFT3 
1Brown University, Providence, RI USA 

(emily_chin@brown.edu) 
2Rice University, Houston, TX USA  
3Ecole Normale Supérieure de Lyon, 69007 Lyon, France  
 

Petrology and thermobarometry of Sierra Nevada 
peridotite xenoliths suggest that arc lithosphere cooled and 
thickened from 1 to 3 GPa, reaching depths that may have 
impinged against the top of a subducting slab. Thickening was 
caused by magmatic inflation during Mesozoic subduction, and 
resulted in depth-gradation in refertilization. Garnet (gt) 
peridotites record final P of 3–3.5 GPa and final T of 670–845 
°C. High-Mg gt websterite is interleaved with peridotite and 
record similar final P and T. At shallower levels (1–2 GPa), 
low-Mg gt clinopyroxenites are interpreted to be evolved 
cumulates of high-Mg pyroxenites. Garnet peridotites contain 
Al-depletion halos associated with gt exsolution in opx, and 
opx in gt websterites are zoned from high-Al cores to low-Al 
rims, all features indicating cooling. Here, we estimate the time 
required to form Al-depletion halos using 1D Al diffusion and 
thermal models. To constrain when the root attained its final P 
and T, we obtained coupled Lu-Hf and Sm-Nd internal mineral 
isochron ages on gt websterite and lower crustal gt 
clinopyroxenite. Results show no age difference between 
chronometers for websterite (Lu-Hf: 92.6±1.6 Ma; Sm-Nd: 
88.8±3.1 Ma). In contrast, clinopyroxenite shows a 24 Ma 
difference (Lu-Hf: 107.9±1.4 Ma; Sm-Nd: 84.0±4.1 Ma). Ages 
are consistent with pyroxenites originating as cumulates 
complementary to Cretaceous granitoids, and imply that a 
~100 km thick root was already in place by that time. T-t paths 
from thermal modeling reveal rapid cooling from 1350 to 
750°C within 10-20 My at 80-100 km, and Al-diffusion 
models suggest halo formation in 10-20 My. We propose that 
slab chilling was rapid enough at 100 km for both the Lu-Hf 
and Sm-Nd chronometers to have closed at the same time in 
the websterite. In contrast, cooling was slower in the lower 
crust away from the chilling slab, resulting in the age 
difference observed for the clinopyroxenite. Instead of 
shallowing of the Farallon plate, we suggest that the Sierran 
arc root thickened until it hit the slab, resulting in pinchout of 
the mantle wedge, rapid cooling, and termination of arc 
magmatism. 
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Aerosol absorption in the atmosphere plays important roles 
in climate change. Light-absorbing particles warm the 
atmosphere that offset the cooling effects by non-absorbing 
aerosols such as sulfate. They also regulate the degree of 
aerosol-cloud-precipitation interactions. Absorption of solar 
radiation in urban and biomass burning environments is 
attributed mainly to the presence of strong light absorbing 
carbonaceous aerosols, largely black carbon (BC) and also the 
light absorbing organic carbon (OC) aerosols. Despite its 
importance, determining the effects of aerosol absorption 
remains difficult, because of large uncertainty in the optical 
properties of absorbing aerosols due to the limited 
measurements and high degree of inhomogeneity in spatial and 
temporal distributions. 

Keeping in mind both the necessities and difficulties 
involved in defining aerosol absorption by carbonaceous 
aerosols, we present here global model simulated aerosol 
absorption with the Goddard Chemistry Aerosol Radiation and 
Transport (GOCART) model for the past decade with a 
purpose of quantifying the carbonaceous aerosol absorption as 
a function of sources and regions. We will compare the model 
simulated BC and OC with surface and aircraft measurements 
and model calculated aerosol absorption with AERONET and 
in-situ measurements, focusing on major anthropogenic and 
biomass burning source regions and remote atmosphere. We 
will estimate the radiative forcing of absorbing aerosols in the 
context of their abundance, location, altitudes, and properties, 
and discuss their climate and environmental impacts. 
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Carbonaceous aerosol emitted from biomass burning (BB) 
contributes significantly to atmospheric aerosol loadings 
regionally and globally. Direct radiative forcing of BB aerosol 
can be positive and/or negative and this depends on its 
composition, morphology and mixing state. Soot particles are 
one of the major light absorbing constituents in BB smoke. 
Soot particles are normally internally mixed with other 
material in BB smoke and the mixing state can affect their 
light absorption and scattering properties.  

In this study we investigate morphology and mixing state 
of soot particles emitted from BB smoke from field and 
laboratory measurements. Smoke particles were collected 1) 
during the Las Conchas wildfire in New Mexico (June, 2011) 
and 2) at the U.S. Forest Service’s Fire Science Laboratory in 
2012, during the fourth Fire Laboratory at Missoula 
Experiment (FLAME-4).  

Individual particles were analyzed with electron 
microscopy, and were categorized and characterized by their 
morphology, aggregation and mixing state. Based on the 
characterization of soot morphology and mixing state, 
synthetic soot particles were generated and their optical 
properties were numerically simulated using a discrete dipole 
approximation model.  

The aim of this study is to enhance our understanding of 
the effect of morphology and mixing on light scattering and 
absorption by soot particles and ultimately their effects on 
radiative forcing.  
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Hydrochemical and sulfur isotopic investigation was 
conducted to assess groundwater contamination in three 
abandoned metallic mine areas of South Korea. The mines in 
this study are Budden Au-Ag (BD), Sambo Pb-Zn-barite (SB), 
and Samkwang Au-Ag (SK). Multi-level samplers with the 
maximum depth of 30 m were installed in the vicinity (< 300 
m away) of mine tailings to monitor the migration and 
behaviors of solutes including heavy metals. Very high TDS 
values of shallow groundwater were observed: 540–9050 mg/L 
(BD), 540–1080 mg/L (SB), and 130–1240 mg/L (SK). Most 
of the water samples characteristically showed the chemistry of 
Ca-SO4 type with substantial contamination by heavy metals 
(As, Cd, Ni, Al, Fe, Mn, and Zn), owing to the oxidation of 
hydrothermal sulfide minerals. The sulfur isotopic 
compositions of dissolved sulfate were 2.2 to 6.0‰ (BD), –2.4 
to 0.5‰ (SB), and –14.3 to 5.2‰ (SK), which are generally in 
agreement with the ranges of sulfide minerals in ores. The 
minimum pH of groundwater was circum-neutral (5.5 to 7.3). 
The concentrations of sulfate in water correlated well with 
those of Ca and Mg (R2 > 0.95), suggesting the quick buffering 
of mine water via dissolution of carbonate and silicate minerals 
in rocks during groundwater flow. With increasing distances 
from mine tailings, the concentrations of heavy metals and 
sulfate decreased in a systematic manner. This attenuation is 
attributed to the sorption onto and/or coprecipitation with Fe- 
and Al-oxyhydroxides. This study shows that careful 
investigation of hydrochemical and sulfur isotope data using 
multi-level sampling can be very helpful to examine the origin 
and fates of contaminants in mine areas. 
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In order to investigate the history of the metal 

contamination in downstream lake sediments draining 
abandoned mines and Zn refinery, and to discriminate the 
sources using Zn and Cd stable isotopes, we collected two 
sediment cores (~50 cm in length) as well as 10 stream 
sediments from the Zn refinery to the lake (~50km in distance). 
Concentrations and isotopic ratios of Zn, Cd and Pb were 
analyzed using MC ICP/MS, and sedimentation rates were 
estimated using 210Pbex method.  

Concentrations of Zn, Cd and Pb were the highest in the 
core bottom sediments (~1,978 yr) and decreased to the lowest 
(~2,000 yr), and then increased to the higher values in the 
present (2,013 yr). The vertical profiles for metal 
concentrations resembled the combined patterns of the 
historical production amounts of Zn and Pb ore by mining and 
the Zn product amount by Zn refinery. However, Pb:Zn:Cd 
ratios were relatively constant and 1:12:0.1 before 1990, and 
1:5.5:0.06 (1998~2002), while became to be 1:8.4:0.13 at the 
present (2008~2013), which imply that the sources of metal 
contamination contributed to lake sediments changed 
historically.  

δ66ZnIRMM in sediments near the refinery was 1.3~1.6‰, 
which was heavier than ~1‰ in background sediments and 
~0.8‰ in the lowest concentration layer of the core but was 
similar with 1.4~1.6‰ in the present as well as 1.4‰ before 
1990yr. δ114CdNIST near the refinery showed strongly negative 
(-1.2~-0.6 ‰) values while highly heavier values (0.8~1.5‰) 
in the present sediments of the core which were highly 
different from background sediments (~0.4‰) and also from 
sediments before 1990 (0.0~0.4‰) and in the lowest 
concentration layer (~0.6‰) in the core. Pb isotopes 
(207Pb/206Pb and 208Pb/206Pb) in the stream and core sediments 
were underlain the ore line of Yeonhwa mine which was 
highly different from those in imported ores used in the 
refinery. Therefore, from stable isotopes of Zn, Cd and Pb, it 
might be suggested that mining wastes (heavy Zn and 
unfractionated Cd) contributed to metal contamination in lake 
sediments before 2,000 yr but discharged wastewaters from the 
refinery were responsible for the Zn and Cd contamination in 
the present (after 2,008yr) sediments of the lake.  
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Background of Research 

It has been well known that fatal landslides are triggered 
by debris composed of regolith developed on steep slopes due 
to heavy rainfall in Korea [1], especially concentrated in 
summer season [2, 3]. After rainfall during summer and time 
elapsed, soils were collected from 9 points where subsurface 
depths for sampling at each point were chosen at 5 cm and 30 
cm, respectively. Analyses using SEM with EDS, XRD, and 
XRF on soils were applied to better understand mineralogical, 
geochemical and microtextural variations in soils affected by 
rainfall with respect to landslide. 
Results and Discussion  

Most particles are less than 200 ㎛  with subangular 
minerals or plate clay minerals. Surfaces of particles are rough 
due to weathering and formation of secondary minerals newly 
formed. Their chemical components in soils are O, Si, Fe, Mg, 
Al, Ca, K, and Na, indicating the presence of illite and mafic 
secondary minerals such as vermiculite, chlorite and iron 
hydroxides. Clay minerals contained in soils are comparatively 
enriched in deeper layers in the upward soils, indicating fine 
particles were mostly removed to the downward soils. Based on 
bulk chemical data analyzed by XRF, SiO2 decreased with 
increasing Al2O3 and Fe2O3, which is consistent with the clay 
contents in soil.  

This study was supported by the National Research 
Foundation of Korea under the Ministry of Education, Science, 
Technology (under grant No. 2012M3A2A1050976). 

 
[1] Jeong et al (2011) Nat.Hazards 59, 347-365 [2] Kim et al 
(2006) J.EngGeolKor 16, 201-204 [3] Nam et al (2013) Proc. 
KSEG. Conf. 115-118 
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Iron monosulfides (FeS) are the initial Fe sulfide minerals 

that form in organic matter rich reducing benthic subsurface 
sediments. Due to their chemistry, monosulfidic black oozes 
(MBOs) are often an important sink for heavy metals, and 
nutrients and play a major role in regulating the mobility and 
bioavailability of these constituent in estuaries [1,2]. MBOs 
from three contrasting sites in Peel-Harvey Estuary were 
examined and the oxidative transformation of sulfur and iron 
speciation during the resuspension of MBOs over 14 days was 
investigated. Solid phase changes were quantified for key 
forms of iron and sulfur fractions during oxidation.  

Solid bound Fe was most abundant as HCl-extractable 
Fe(II) (a proxy for iron monosulfides –FeS), then followed in 
descending abundance ‘organic bound Fe’ and ‘oxide-Fe’. The 
majority of FeS was oxidised within 48 hours in aerobic 
conditions. The oxidation of FeS, ES and FeS2 each contribute 
to the consumption of dissolved oxygen, yet the contributions 
to oxygen demand from dissolved organics and other 
properties of these sediments need also be considered.  

The rapid oxidation of FeS within 24 hours was within 
expectations, for these mineral phases are highly unstable. 
Interestingly, significant amount of pyrite also oxidised within 
7 days, exceeding expectations for near-neutral sediments and 
extending the magnitude of short-term mineral transformations 
of relevence for contaminant mobility.  
 
[1] Burton et al Environ. Sci. Technol. 40: 1217, 2006 [2] 
Kraal et al Geochim. Cosmochim. Acta, 122: 75, 2013 
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For quantitative analyses of geological fluids, Raman 

spectroscopic system needs to be calibrated in terms of peak 
intensity (either height or area) or peak position. This is 
because (1) the quantification factor, which relates the 
intensity of Raman signal of the fluid species to its 
concentration based on the Placzek’s ratio method, is system 
specific [1], and (2) Raman peak position is a very sensitive 
indicator for the density (or pressure) of some fluids, such as 
CH4 [2] and CO2 [3]. Three different types of standards in 
fused silica capillaries were prepared by Chou et al [4] for the 
calibration of Raman systems, and they were: (1) high-pressure 
optical cell [5], (2) cold-sealed fused silica capillary capsule 
(FSCC), and (3) flame-sealed FSCC. Even though the 1st type 
is bulky and not convenient for inter-laboratory calibration, it 
is the most reliable one in terms of composition and total 
pressure. In addition to the low-pressure limitation described 
previously for the 2nd type [4], the potential reaction between 
the sample fluid and epoxy tends to limit its shelf life. On the 
other hand, the application of the newly designed heating-
cooling stage (either Linkam CAP500 or INSTEC) to the 3rd 
type greatly simplified the calibration procedures, because the 
well-controlled temperature of the fluid standard in the FSCC 
on the heating-cooling stage accurately defined the density of 
the fluid, either as a single phase or coexisting liquid and vapor 
phases, and provided excellent density standards [6]. The 
secondary standards, such as cyclohexane, can also be applied 
to calibrate Raman peak position after they are calibrated by 
the primary standards, such as Ne lines. 

 
[1] Chou, Pasteris & Seitz (1990) Geochim. Cosmochim. Acta, 
54: 535-543, and references therein. [2] Lu, Chou, Burruss & 
Song (2007) Geochim. Cosmochim. Acta, 71: 3969-3978 [3] 
Wang, Chou, Hu, Burruss, Sun & Song (2011) Geochim. 
Cosmochim. Acta, 75, 4080-4093 [4] Chou, Lu, Chi & Burruss 
(2011) Geol. Soc. of Amer. Abstr. with Progr., 43(5): 232 [5] 
Chou, Burruss & Lu (2005) in Advances in High-Pressure 
Technology for Geophysical Applications. Chapter 24: 475-
485. Elsevier. [6] Chou, Wang & Burruss (2012) Abstract in 
10th GeoRaman, Nancy, France: 65-66 
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Variability of dissolved oxygen in the water column of 

marine systems has been reported for modern basins through 
direct measurements and inferred for past geological times 
through the use of multiple micropaleontologic, organic, and 
inorganic proxies. Vary oxygen content has proven to be one 
of the key parameters responsible for changes in biota 
distribution, water chemistry, physicochemical transformations 
of dissolved and particulate phases for trace elements in the 
water column, and formation of authigenic minerals, among 
other effects. For many recent studies the challenge lies with 
separating trends that are the products of natural 
biogeochemical processes from those that are the 
consequences of human-induced eutrophication. In this study 
we applied a multiproxy approach for tracing redox conditions 
and related processes (e.g., Fe and S speciation; redox-
sensitive trace elements such as Mo, U, and lanthanides; C and 
N isotope relationships) to sediment cores collected at 
contrasting locations within the same system (La Paz Bay, 
semi-restricted from the Gulf of California). Trends in the 
cores from the shallow La Paz Lagoon (< 9 m, 6.5 mm/yr 
sedimentation rate) seem to track the history of sewage 
discharge into the lagoon as recorded in patterns of organic C 
accumulation, with a decrease over time reflecting construction 
of a water treatment plant. However, this is not the case for the 
deeper La Paz Bay and Alfonso Basin specifically (420 m, 
0.54 to 0.61 mm/yr) where the variability seems to be tracking 
natural changes in the oxygenation history of the water column 
tied in part to varying primary productivity in response to 
oceanographic conditions such as ENSO and PDO. Redox 
evolution will also be discussed within the long-term context 
of changing sea level and associated patterns of nutrient 
delivery to the basin. 
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The Rifle Site consists of a floodplain along the Colorado 
River that was remediated through the removal of surface 
material underlying former U-V mill tailings. The Rifle Site 
provides an excellent field laboratory for the study of the 
fluxes of water and carbon from the vadose zone to 
groundwater (LBNL SFA2.0). A network of monitoring wells, 
particularly a series of holes instrumented in the vadose zone, 
provide the opportunity to closely sample groundwater and 
vadose zone porewater both in space and time. In order to 
better understand the spatial and temporal variation of vadose 
zone interaction with groundwater within the Rifle floodplain 
and provide constraints for a Rifle hydrological model, we 
have analyzed the Sr isotopic compositions and 234U/238U 
activity ratios (AR) of groundwater, vadose zone porewater 
(sampled through depth-distributed lysimeters) and surface 
water including the Colorado River. Significant contrasts in 
87Sr/86Sr and 234U/238U allow the identification of different 
sources contributing to Rifle groundwater. 

Contour maps of groundwater 87Sr/86Sr show a general 
increase in 87Sr/86Sr across the floodplain towards the Colorado 
river, with two localized highs. Similarly, 234U/238U AR show a 
decrease across the floodplain, but with a much steeper 
gradient than 87Sr/86Sr. Vadose zone porewater is characterized 
by high 87Sr/86Sr and Sr concentrations and falls at one end of a 
mixing line with Rifle groundwater suggesting that a 
significant portion (up to 20%) is contributed through vertical 
recharge on the floodplain compared to the upgradient 
watershed. An irrigation-return ditch cuts the site toward the 
eastern edge. Sr and U isotopic and concentration analyses of 
water from the ditch and from nearby monitoring wells 
indicate a significant hydrologic connection between the ditch 
and groundwater, constraining the nature of the boundary 
conditions for the Rifle hydrologic model. 

Results so far suggest that Rifle groundwater Sr is strongly 
influenced by vadose zone porewater, while high U 
concentrations and low (near 1) 234U/238U AR are due to local 
U sources associated with aquifer sediments consistent with 
previous observations. 
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One of Earth’s greatest manifestations of explosive 

magmatism was the middle Cenozoic ignimbrite flareup of 
southwestern North America. 36 to 18 Ma in the southern 
Great Basin, caldera-forming eruptions occurred on a high 
orogenic plateau where the crust was ~70 km. During this 
time, a subducting oceanic plate rolled back and steepened 
from its previous flat configuration. Huge amounts of basalt 
were produced in a short time and invaded the thick crust to 
drive production of >70,000 km3 of explosively erupted silicic 
magma. More than 230 cooling units have been recognized in 
the province. The ignimbrites have initial Sr isotope ratios 
ranging from 0.706 to 0.712 and delta 18O from 7 to 12 per 
mil, indicating incorporation of both mantle and crustal 
components. Higher Sr ratios in earlier erupted ignimbrites 
resulted from relatively more of the crustal component. 
Rhyolitic magmas were created by partial melting of the thick 
crust and variable hybridization with mantle-derived magmas 
or their differentiates. Monotonous intermediates were created 
in an exceptional burst of super-eruptions from 31.1 to 27.6 
Ma resulting in four phenocryst-rich dacite ignimbrites with a 
total volume of about 17,000 km3. Focused magma production 
may have resluted in diapiric ascent from a deeper MASH 
zone in the middle crust. An unuusal class of trachydacitic 
tuffs followed the monotonous intermediate burst. They are 
ferroan but possess negative Nb anomalies and other features 
typical of arc magmas. Magma genesis involved deep 
fractionation from andesitic parents with little contamination 
by crustal material, most of which had been effectively diluted 
or scavenged by earlier magmatism. 
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Diffusion profiles preserved in garnets have been widely 

used to estimate the time scales of tectono-petrological 
processes. The cornerstone of these estimates is the knowledge 
of diffusion coefficients in garnets, which have been studied 
extensively in experiments to obtain their dependence on 
physical conditions. We present a new statistical framework to 
analyze diffusion data for divalent cations (Fe, Mg, Mn, and 
Ca) using the Arrhenius relationship accounting for 
temperature, pressure, oxygen fugacity [1], and garnet unit-cell 
dimensions [2].  

Our approach is based on Bayesian statistics and is 
implemented by the Markov chain Monte Carlo method [3]. 
The analysis incorporates recent data [4, 5, 6] in addition to the 
data compilation in ref. [2]. All reported experimental 
uncertainties are taken into account in our formulation, and the 
data are weighted by the precision of the experimental 
conditions. We also include the inter-run bias to estimate the 
reproducibility and other experimental variability not explicitly 
accounted for in the Arrhenius relationship.  

The initial results show that at low temperatures (500–600 
°C), the self-diffusion coefficients calculated with the updated 
model parameters may be as much as one order of magnitude 
smaller than those in ref. [2]. The dependence of self-diffusion 
coefficients of Fe, Mn and Ca on oxygen fugacity is weakly 
constrained by the existing experiments, reflecting the need for 
more data covering a wider range of redox states. 

Our statistical analysis provides a solid framework to 
obtain a permissible range of self-diffusion coefficients for 
divalent cations constrained by the existing data. This, in turn, 
will facilitate petrological and time scale modeling of garnet 
diffusion with well-defined uncertainty bounds. 
 
[1] Ganguly et al (1998) Contrib Mineral Petr, 131,171-180 
[2] Carlson (2006) Am Mineral, 91, 1-11 [3] Liu (2001) 
Springer, New York. [4] Vielzeuf et al (2007) Contrib Mineral 
Petr, 152, 153-170 [5] Perchuk et al (2009) Contrib Mineral 
Petr, 157, 573-592 [6] Borinski et al (2012) Contrib Mineral 
Petr, 164, 571-586  
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Although several researches on Sb occurrence and fate 
have been carried out so far, the geochemical behavior of Sb in 
supergene environments is not fully understood. This study 
aims at investigating the Sb occurrence and dispersion in the 
soil-water-plant system in the abandoned antimony mine of Su 
Suergiu (Sardinia, Italy) and surrounding areas. 

Antimony was determined in soil, vegetation (Pistacia 
lentiscus and Asparagus) and water samples by ICP-MS 
(detection limit, DL = 0.1 ppb Sb) and ICP-OES (DL = 50 ppb 
Sb). Dissolved Sb(III) was analysed by anodic stripping 
voltammetry (DL = 0.5 ppb). 

Past mining at Su Suergiu affects the soil-water system 
downstream of the mine. Soil samples taken upslope of the 
mine had <200 ppm Sb. Soils close to the mining wastes 
showed concentrations up to 4400 ppm Sb, with highest values 
observed in the A horizon. Despite the high contamination of 
soils, relatively low amounts (up to 31 and 3.9 ppm Sb, 
respectively in Pistacia lentiscus and Asparagus) were 
observed in the investigated plants growing close to the mine 
wastes. Dust materials deposited on leaves collected in the 
mine area contain 70 ppb Sb, as compared to 7 ppb Sb 
observed on leaves collected on upstream slopes [1]. 

In Sardinia, median concentrations of Sb are estimated at 
0.25 ppb in surface waters [2], and 0.50 ppb in ground waters 
[3]. At Su Suergiu, the waters upstream mine have median 1.7 
ppb Sb. Waters interacting with slag materials are 
characterized by extreme concentrations of Sb (mean: 9200 
ppb, maximum value 30000 ppb). Sb is released through 
dissolution of antimonite and other Sb-bearing solid phases 
contained in the slag, tailings and waste rocks. Dissoved Sb 
concentrations decrease as distance from the mine area 
increases (median 1300 and 25 ppb, respectively at 1 and 10 
km downstream mine). Concentrations of Sb(III) range from 
0.8 to 760 ppb, thus Sb(III) appears a minor constituent in the 
aquatic environment of Su Suergiu. Near-neutral pH, oxidizing 
conditions, and low amount of organic carbon favor Sb 
dispersion far from the mine, with attenuation probably 
controlled by dilution processes. 

 
[1] Cidu, Biddau, Dore, Vacca (2013), Procedia Earth and 
Planetary Science 7, 171-174 [2] Cidu, Frau (2009), Appl. 
Geochem. 24, 611-623 [3] Biddau (2012) Report FSE 
L.R.7/2007, RAS Cagliari, 123 pp (in Italian). 
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The Izmir-Ankara-Erzincan-Sevan-Akera Suture Belt 

stretches from the Aegean Sea to the Lesser Caucasus and 
includes the remnants of the Northern Neotethys. The Ovacık 
and Pülümür ophiolitic complexes to the north of Tunceli are 
less-known members of this belt. In this study preliminary 
geochemical data from the basaltic and gabbroic rocks from 
these complexes is presented to give the first insights into their 
petrogenesis.  

The studied mafic samples overall exhibit geochemical 
characteristics of an intra-oceanic subduction system. Three 
groups of samples were differentiated on the basis of their 
major, trace and REE geochemistry. The first group is largely 
akin to back arc basin basalts (BABB) and displays enrichment 
in large ion lithophile-elements (LILE) coupled with negative 
Nb anomalies. It generally reflects normal-MORB (N-
MORB)-like high field strength element (HFSE) patterns. The 
second one is relatively similar to the BABB-type, but it lacks 
the marked negative anomaly in Nb and can be ascribed to the 
mid-ocean ridge basalt (MORB). The third one is mainly 
boninitic and shows relative enrichment in LILE over HFSE; 
however it is distinct with highly depleted elemental pattern 
(relative to N-MORB) and concave REE profile.  

The overall geochemical features suggest that these mafic 
rocks were predominantly generated in a supra-subduction 
setting from a subduction-modified mantle source. It is further 
suggested that the Ovacik and Pülümür ophiolitic complexes 
were formed in an oceanic arc-basin system within the 
northward subducting Northern Neotethys. 
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The association of organic matter (OM) with Fe 

oxyhydroxides is suggested to shield OM from biodegradation, 
in addition to impacting the reactivity, transformation rate, and 
transformation products of OM-rich Fe oxyhydroxides such as 
ferrihydrite. The impact of this association on the 
biogeochemical Fe and C cycles is not entirely understood, and 
may depend on the type of OM and Fe oxyhydroxide, or on the 
means of association, i.e., OM adsorption vs. formation of 
OM-mineral co-precipitates. In an attempt to gain insight into 
the behavior of naturally occurring OM-bearing Fe 
oxyhydroxides, we examined the in situ reductive 
transformation of natural biogenic ferrihydrite, and monitored 
changes in mineralogy, composition, and Fe and C speciation, 
using several synchrotron-based diffraction, imaging and 
spectroscopic techniques.  

Organic matter-bearing ferrihydrite precipitates (Corg:Fe 
~0.33) that exhibit twisted stalk structures typically produced 
by the iron oxidizer Gallionella ferruginea were sampled in 
August 2012 from artificially aerated groundwater wells at the 
Rifle, CO field site. During following months, groundwater 
conditions became reducing, and the mineralogy of the Fe(III) 
precipitates was modified in situ by April 2013, denoted by the 
appearance of Fe(II)/Fe(III) phases (e.g., hydroxycarbonate 
green rust). Despite these changes, the stalk morphology of the 
original precipitates was preserved, and STXM 
spectromicroscopy data indicate that stalks became enriched in 
Fe(II). Carbon K-edge NEXAFS spectra were interpreted 
according to synthetic Fe(III)/alginate and albumin co-
precipitates, and show that the initial Fe(III)-rich stalks are rich 
in organic carbon, whereas stalk-associated OM appears to be 
partially altered, or desorbed as Fe(III) reduction proceeds. 
This suggests that mineral-associated OM is partly available as 
an electron donor. The presence of organic matter also appears 
to affect secondary ferrihydrite biomineralization, as 
previously shown for synthetic analogs [1], and these data may 
be useful for interpreting the behavior of natural Fe(III)/OM 
precipitates under comparable aqueous conditions. 
 
[1] Shimizu, M. et al (2013). Environ. Sci. Technol. 47 (23), 
13375–84 
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We are utilizing gigahertz (GHz) frequency ultrasonic 

interferometry to investigate the physical properties of silicate 
liquids and glasses at pressures relevant to planetary interiors. 
The micron wavelength of GHz frequency measurements 
eliminates unwanted diffraction making it well suited to the 
study of amorphous materials. Here we report initial results on 
the elastic properties of basaltic glass (BCR-2) compressed in 
the diamond anvil cell from 0 to 5.5 GPa at ~0.1 GPa pressure 
intervals. At one-atmosphere, the P- and S- wave velocities are 
6025 ± 5.8 and 3493 ± 2.2 m/s, respectively. On compression 
up to 4.5 GPa, P- and S-wave velocities decrease – behaviour 
atypical of solids but well established in fully polymerized 
(network) glasses (e.g. silica). P- and S-wave velocities 
decrease by 1% and 6%, respectively, over this pressure range. 
Above 4.5 GPa velocities increase with pressure. 
Measurements at frequencies between 1 and 2 GHz show no 
frequency dependence, and compression - decompression 
cycles demonstrate that these elastic properties are fully 
reversible up to at least 5.5 GPa. This study is the first to locate 
a velocity minimum for basaltic composition, which is ~2 GPa 
higher than the minimum for silica. The magnitude of the 
velocity decrease is also more modest than the decrease 
displayed by more polymerized glasses (13% for both P- and 
S- waves in silica). The velocity reduction with pressure is 
consistent with mode softening of the aluminosilicate network 
- as proposed for fully polymerized glasses, while the shift in 
the minimum to higher pressure and overall more subtle 
response to compression likely reflects the more compact and 
depolymerize structure of basaltic glass. Experiments are 
underway to investigate how these properties change on 
heating into the liquid state. 
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Arctica islandica is a long-lived marine bivalve mollusc 

species that inhabits the northern Atlantic Ocean. It has been 
documented to live for up to ca. 400 years and 
sclerochronological cross-matching of growth increment time 
series has enabled construction of chronologies that span 
multi-centennial time scales. As a consequence, this species is 
a potentially important archive of inter- and even intra-annual 
change in the historical marine environment. In order to meet 
that potential studies are required that calibrate and validate 
biogeochemical proxies used for the reconstruction of 
environmental parameters, including seawater temperature. 

In this study, LA-ICP-MS has been used to map the 
distribution of Li/Ca, Mg/Ca, Mg/Li, Sr/Ca and U/Ca within 
sectioned juvenile specimens of A. islandica that were cultured 
previously in laboratory aquaria under controlled conditions, at 
seawater temperatures of ca. 1, 3, 6, 9 and 12ºC [1]. A second 
unpublished NIOZ study further cultured specimens at ca. 9, 
12, 15 and 18ºC. In both experiments the shell extension rate 
of individual specimens was well documented, thereby 
enabling assessment of the importance of this secondary factor 
on elemental incorporation into the aragonite shell deposited 
during the experimental periods. 

Consideration of the element/Ca dataset in relation to 
calcification temperature includes discussion of intra- and 
inter-shell variability, as well as shell extension rate and the 
shells’ mineralogical structure. In this way a more detailed 
understanding of the controls on elemental incorporation into 
A. islandica shells is being developed, with implications for 
the use of element/Ca ratios in these biomineral archival 
materials for past seawater temperature and chemistry 
reconstructions. 

 
[1] Witbaard et al (1997) Helgolander Meeresuntersuchungen 
51, 417-431 
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Understanding how the Earth obtained its volatiles is 

important for our overall understanding of large scale planetary 
evolution. Many models exist to explain the heterogeneous 
accretion of volatiles to early Earth, yet it is difficult to account 
for all elements through simple accretion of possible planetary 
building blocks (e.g., CI chondrites). The moderately-volatile 
heavy halogens (Cl, Br and I) provide an opportunity to 
investigate such questions as they are sensitive tracers of 
dynamic planetary processing (e.g., differentiation, crust 
formation, addition of a ‘late veneer’, etc.) largely due to their 
incompatibility, low abundance and hydrophilic (e.g., Cl) 
nature. Utilizing neutron-irradiation noble gas mass 
spectrometry, an evaluation of the baseline halogen 
composition of the primitive meteorites as ‘building blocks’ 
was undertaken. The results of carbonaceous (CI, CM, CR, 
CV), ordinary (H, L, LL), and enstatite chondrites (EH, EL) 
are reported. 

The ordinary chondrites show variable halogen 
concentrations (5–600 ppm Cl, 1–1650 ppb Br and 2–390 ppb 
I) and very low molar I/Cl (~10-6) and Br/Cl (~10-4) ratios, 
comparable to those measured in some terrestrial hydrothermal 
fluids[1]. Carbonaceous chondrites are fairly homogeneous in 
their halogen concentrations and ratios (Br/Cl, I/Cl ~10-4), 
suggesting effective closed-system behavior. The EH 
chondrites show relative enrichments in the heavy halogens 
(up to 330 ppm Cl, 2290 ppb Br and 180 ppb I) and have high 
I/Cl (~10-3) and Br/Cl (~10-3) ratios. Halogen concentrations in 
the ECs are up to ~ 8 times higher for Cl, up to ~ 40 times 
higher for Br and up to ~ 50 times higher for I, compared to 
estimates of halogen concentrations in the primitive terrestrial 
mantle[2]. These results provide insight into the accretion of 
moderately volatile element rich material under reducing 
conditions, such as may have existed on early Earth. Results of 
Rumuruti chondrites and mineral, chondrule and metal 
separates will be presented to further inform on the distribution 
of halogens in primitive solar system materials. 

 
[1] Böhlke & Irwin (1992) EPSL, 110: 51-66 [2] Newsom, 
H.E., (1995) Global Earth Physics, A Handbook of Physical 
Constants, AGU Ref.Shelf, v. 1 
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We report 326 new 206Pb/238U rutile LASS-ICP-MS dates 
from 10 samples distributed over 1200 km2 in central 
Fiordland to evaluate timescales over which lower arc crust 
accommodated crystal-plastic deformation during orogenic 
collapse. Results yield three distinct age groups. Group I 
comprises two samples from the Malaspina orthogneiss that 
contain dominantly Cretaceous dates with weighted-average 
ages of 89.6 ± 4.8 Ma and 79.7 ± 4.1 Ma. Group II comprises 
two samples from the Breaksea region and yield only Late 
Eocene to Early Oligocene dates with weighted-average ages 
of 34.9 ± 1.8 Ma and 32.3 ± 1.7 Ma. Group III comprises six 
samples from the Malaspina orthogneiss that display a 
continuous age distribution ranging from ca. 93 Ma to 37 Ma. 

The spatial distribution of group I and II rutile ages and the 
large overdispersion of dates observed in group III samples are 
collectively difficult to reconcile with previously proposed 
models for protracted, monotonic cooling of the arc root. 
Moreover, unpublished titanite (Schwartz et al, 2013) and new 
rutile dates from the Breaksea area yield unrealistically slow 
cooling rates of ~2.5 °C/my for lower arc crust during 
extensional collapse. We propose an alternative model in 
which the oldest rutile dates in groups I and III record cooling 
and extensional collapse of the arc root below ca. 500 °C by 
ca. 90-80 Ma. Younger dates of ca. 35 Ma indicate reheating 
and Pb loss. We speculate that reheating was driven by 
propagation of the proto-Macquarie Island spreading center 
beneath central Fiordland at ca. 35 Ma. 
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Deep-water continental margins are potentially the best 
place where sedimentary sequences might preserve the long-
term history of erosion and weathering in the adajcent 
continent being relatively free of long hiatsus or erosion linked 
to sealevel changes. Nonetheless, it is questionable whether the 
alteration state of sediment deposited at any one given time is 
truly representative of conditions in the drainage basin at the 
time of sedimentation or whether reworking can buffering the 
signal to the point where it cannot be deconvolved. Sediment 
spanning the last glacial cycle on the slope show correlation 
between monsoon intensity and alteration as tracked by K/Al, 
CIA, 87Sr/86Sr, or various clay mineral ratios but the increased 
weathering seen during the Early Holocene falls to lower 
values prior to the end of strong monsoon conditions. 
However, flooding of the continental shelf at around the same 
time suggests that it is modern shelf rather than the continental 
interior which is the primary source and that the sediment 
delivered to the slope is largely the product of reworking by 
stronger monsoon rainfall rather than representing faster 
weathering under the influence of warmer wetter conditions. 
Likewise, in the Pearl River delta a similar trend of more 
altered sediment being deposited during periods of stronger 
monsoon was observed. In this case we still favor reworking as 
the primary cause of the geochemical trend, this time driven by 
stronger reworking of older, altered material from fluvial 
terraces either by stronger rainfall, or more recently by 
anthropogenic activities. Thus weathering records in marine 
settings are at best useful for reconstructing erosional 
efficiency at millennial timescales, but maybe better track 
environmental conditions on longer, million year scales where 
such buffering is less important. In some settings where long 
shore transport or bottom currents along the margin are more 
important then deconvolving the record is even more difficult. 
This work further emphasizes the danger of using modern river 
sediments as fixed end members when compared to ancient 
marine clastic sediments, as these are quite variable, depending 
on environment/climatic conditions. 
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Ethane (C2H6) is present in most natural gas reservoirs, and 

is critically important as a source of ethylene for petrochemical 
industries. It is also the simplest molecule abundant in nature 
which can manifest multiple 13C substitutions. We focus here 
on natural gases, where the abundance of 13C2H6 can be 
modified by multiple processes: inheritance from larger 
biomolecules that produce oil and natural gas during thermal 
cracking; kinetic fractionation during thermal cracking; 
homogeneous isotope exchange reactions at thermodynamic 
equilibrium; mixing of gases with different bulk isotopic 
composition; secondary gas cracking or biodegradation; or a 
combination of these. There is little basis for a priori 
predictions on which of these factors will dominate in natural 
ethane.  

Ethane samples from shale gas reservoirs were analyzed 
for their bulk isotopic composition (δD and δ13C) as well as for 
the abundance of 13C2H6. To resolve isobaric interferences, we 
use a prototype gas source isotope ratio mass spectrometer, the 
Thermo 253-Ultra, capable of achieving a mass resolution (M/ 
∆M) of up to 27000. This high mass resolution is key to 
separating or peak-striping contaminants, such as O2 or 
CH3OH at m/z=32, but also to discriminating  
between 13C12CH6 and 12C2DH5 at m/z=31 and 13C2H6 from 
13C12CDH5 at m/z=32. Based on these mass spectrometric  
data, we calculate the excess of 13C2H6 compared  
to a stochastic distribution (∆13C2H6, defined as 
1000*((13C2H6/C2H6)/(13C2H6/C2H6)stochastic)-1), with an external 
reproducibility of better than 0.25 per mil.. 
We will present measurements of natural samples from shale 
gas reservoirs that display a range in ∆13C2H6 of 4 per mil. 
Thermodynamic equilibrium gives rise to clumped isotope 
fractionations of less than 1 per mil for geologically reasonable 
temperatures, and hence cannot be the dominant process 
controlling the abundance of 13C2H6. Two scenarios could be 
invoked to potentially explain the non-equilibrium isotope 
fractionation observed: (i) a combination of kinetic effects and 
inheritance from larger biomolecules, or (ii) secondary 
cracking and/or biodegradation of ethane. Using relationships 
between ∆13C2H6 with percent methane 
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During mining activities, the surface cycle of metals is 
disturbed by land use changes and associated erosion providing 
new metal sources. Typically, metal flux in lake systems 
increases during mining to reach significant enrichment factors 
(10 to >100 times) as compared with the geochemical 
background. After exploitation, return to the initial steady state 
may vary with dynamic and kinetic conditions that depend on 
several environmental and catchment factors (i.e., site 
restoration, climate, geomorphology and vegetation).  

A preliminary study of demographic and mining impacts 
on a lake in the mining region of Schefferville, subarctic 
Quebec, revealed a significant increase in metal fluxes 
(including Zn, Pb, Fe) in sediments associated with advanced 
euthrophisation indices during the mining era. During the post-
mining period, metal concentrations in lake sediments 
decreased but without ever reaching the geogenic background 
concentrations, even more than 30 years after the end of 
exploitation! Here we investigated metal sources using 
elemental and isotopic (Pb, Zn, Fe) analyses of sediment cores 
from two lakes, with one lake located close to the city of 
Schefferville and expected to yield a stronger "urban" impact, 
while the second lake was expected to show a stronger 
"mining" signal due to atmospheric deposition. We also 
analysed ore and residues from the nmining activities and 
epiphytic lichens from the area. 

In both lakes, enrichment factors of up to 6 were observed 
for Pb, Zn and Fe as compared to Al. These increaseswere also 
accompanied by variations of Pb isotopes in both cores. Iron 
and Zn isotopic composition were different in both cores but 
remained almost constant. Only Zn isotopes in one lake 
seemed to be affected during the mining period. Three to four 
end-members were identified for Fe, Pb and Zn, including 
local geogenic, urban influence, mining influence and long-
distance transport. The mining impact on the lakes in the 
Schefferville area is local and restricted and the perturbation 
occurs rapidly. However, the return to the initial, pre-mining 
state is longer than expected and long-range contamination 
dominates the post-mining sources. 
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The Mar Menor lagoon (Southeastern Spain) collects water 
inputs from small surface tributaries and a shallow aquifer that 
drains an irrigated agricultural watershed. The combination of 
radon and radium (224Ra and 223Ra) budgets and hydrodynamic 
modeling of the lagoon allows us to locate areas submitted to 
SGD and to estimate bulk SGD water fluxes (fresh and 
recirculated saline water). SGD fluxes estimated from 
radionuclide budgets range from 7 108 m3/y (with 223Ra, in 
winter) to 7 - 16 108 m3/y (with 222Rn, in winter and summer) 
and 20 - 45 108 m3/y (with 224Ra, in winter and summer). 
Meanwhile, both fresh and recirculated SGD end-members are 
enriched in radionuclides, making it difficult to distinguish 
between their relative contribution to bulk SGD fluxes using 
Rn and Ra isotopes only. The negative correlation found 
between continuous 222Rn and sea-level measurement suggests 
some « sea-level pumping » effect that would induce 
recirculation of saline water through sediment. Futhermore, 
fresh groundwater input as determined from hydrogeological 
modeling or global salt balance [1, 2] does not exceed 5 106 to 
21 106 m3/y, which is only 1 to 3% of our radionuclide-based 
global estimation. According to these values, SGD in the Mar 
Menor lagoon may be mainly driven by pore-water advection. 
 
[1] Senent et al (2009), El Mar Menor: Estado Actual Del 
Conocimiento Cientifico, Murcia, 109-130 [2] Martinez-
Alvarez et al (2011), Estuarine, Coastal and Shelf Science 91, 
250-261  
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The extreme silicate melt-sulfide melt partition coefficients 

of platinum group elements (PGE; Ru, Rh, Pd, Os, Ir, and Pt), 
which are appreciably higher than those for Cu and Au, make 
them valuable indicators of sulfide saturation in evolving melts 
[i.e. 1]. PGE have been successfully used to identify sulfur 
saturation in mafic systems [e.g. 2] but analytical difficulties 
have limited their application in felsic systems. Recent 
advances in the inductively coupled plasma mass spectrometry 
(ICP-MS)-NiS fire assay-isotope dilution method [3] mean it is 
possible to measure the PGEs at concentrations as low as 1 to 
20 ppt, so rocks with very low abundances can be analyzed, 
including felsic suites. As a consequence, PGE geochemistry 
can be used to identify the onset of sulfide saturation in 
evolving felsic magmas. We hypothesized that if a 
fractionating magma system becomes sulfide saturated before 
it becomes fluid saturated most of the Cu and Au will be 
trapped in sulfides in a plutonic chamber and be unavailable to 
enter a magmatic hydrothermal fluid. Alternatively, if fluid 
saturation occurs before sulfide saturation most of the Cu and 
Au will be available to partition into the hydrothermal fluid, 
which could lead to the formation of an economic Cu and/or 
Au deposit.  

We report results from the first comprehensive study of 
PGE in felsic magmas associated with an economic porphyry 
system. Abundances of Pt and Pd in felsic rocks from the El 
Abra-Pajonal intrusive complex and porphyry Cu deposit, 
Chile, drop rapidly in samples with MgO values below 2.5 wt. 
%, following sulfide saturation of the magmas, which occurs 
slightly before volatile saturation and formation of the copper 
deposit. We suggest that the amount of sulfide melt that 
formed was enough to strip the PGE and Au from the magma 
but not Cu, because of the lower partition coefficient of Cu 
relative to the precious metals, which explains why El Abra is 
a Cu only porphyry deposit rather than a Cu-Au deposit. 

 
[1] Campbell and Barnes (1984) Can. Mineral.. 22, 151-160 
[2] Keays and Lightfoot (2007) Miner. Deposita. 42, 319-336 
[3] Park et al (2012) Geochim. Cosmochim. Acta 93, 63-76 
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Using Space-based observations of 
NO2 to understand NOx emissions and 

atmospheric oxidation rates 
R.C. COHEN123 

1Department of Chemistry and Department of Earth and 
Planetary Science, UC Berkeley, Berkeley, CA 

 
I will describe novel methods for probing the mechanisms 

of emissions and oxidation of atmospheric reactive nitrogen 
using space based observations. Examples of the dependence 
of oxidation rates on wind speed and water will be used to 
illustrate the methods.  
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A two-stage mechanism associated with the infiltration of 
fluids during retrograde metsamorphism from eclogite to 
amphibolite facies in the ultramafic massif of Golyamo 
Kamenyane (Bulgaria) has produced four types of 
microstructures in chromites: i) porous chromite, with chlorite 
in the pores, ii) non-porous chromite, iii) partly altered 
chromite, with primary cores surrounded by porous chromite, 
and iv) zoned chromite, with primary cores surrounded by non-
porous rims.  

LA-ICP-MS analysis shows that partly altered chromite 
cores and their surrounding rims of Fe2+-rich porous chromite 
show a distribution of minor and trace elements similar to 
chromite from MORB, except for a strong depletion in Ga and 
Sc. However, single grains of porous chromite produced after 
the massive infiltration of fluids show a significant enrichment 
in Zn, Co and Mn but depletion in Ga, Ni and Sc. Non-porous 
chromite (i.e., ferrian chromite), forming single grains and 
rims on zoned chromites, are also enriched in Zn, Co, Mn and 
depleted in Ga but are distictively enriched in Ti, Ni and Sc. 
This suggests that oxidising fluids have substantially 
obliterated the geochemical fingerprint of the magmatic 
chromite. The cores of zoned chromite show higher contents of 
Zn, Co and Mn as well as lower Ga, Ti and Sc than the cores 
of partly altered chromite. The complex changes in these 
elements with respect to the Fe3+/(Fe3++Fe2+) ratio suggests a 
complex interplay of substitutions between chromite in pre-
existing cores and that in the younger metamorphic rims 
formed during subsequent subsolidus re-equilibrium.  

Our results demonstrate that fluid-assisted metamorphism 
can effectively disturb the primary magmatic abundances and 
distribution of minor and trace elements in chromite. 
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Molecular motion of carbon-bearing fluids in confined 

geometries, especially at extreme conditions of temperature 
and pressure, is an important area of research as it helps in the 
understanding of fluid-rock interactions in the terrestrial 
environment. An important tool in studying molecular motion 
in confinement is neutron scattering. This is because the 
energy and wavelength of cold and thermal neutrons are in the 
same range as that of the motions and spatial structure 
respectively of molecules confined in porous materials. We 
have used this technique to study the stochastic and vibrational 
dynamics of propane confined in silica materials, serving as 
proxies for silica rich rocks, at temperatures and pressures 
relevant to terrestrial environments. Interaction of the propane 
molecules with the pore wall is found to play an important role 
in the stochastic motion of propane confined in silica aerogel. 
It was found that at low pressures propane molecules get 
strongly adsorbed at the pore walls and are therefore mostly 
immobile whereas at high pressures, more propane molecules 
are available near the pore centers and they get involved in the 
dynamics thereby enhancing the diffusion coefficient. Further, 
presence of CO2 was also found to enhance the diffusivity of 
propane in silica aerogel. Confinement of propane in MCM-
41-S was found to affect its vibrational behavior. The low 
energy vibrational spectra of confined propane exhibited 
glassy behavior. This behavior was further found to be 
pressure dependent. MD modeling has been done to provide 
molecular-level insight into the behavior of propane in 
nanopores. 
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The aqueous-mineral Δ44/40Casolid–solution fractionation factors 

were measured for equilibrating solutions and a set of 
inorganic solids that trap solvated calcium in six, seven and 
eight coordination as an intact solvated ion in the lattice. The 
measured values were then compared to Δ44/40Casolid–

solution values predicted from density-functional electronic-
structure calculations and vibrational frequencies of molecular 
models of the solvated ions and their solid hydrates. 
Experimentally, the Δ44/40Casolid–solution values differed by ∼2‰ 
for crystals of six- and seven-hydrated calcium, and by 
approximately ∼2‰ between crystals having seven- and eight-
hydrated calcium. In comparison, the calculations predict 
Δ44/40Casolid–solution values between the sixfold- and eightfold-
coordinated aquo ions of 5.4‰. Calculations predict 2.6‰ 
fractionation between the sixfold- and sevenfold-coordinated 
aquo ions. Stirred and unstirred experiments gave similar 
results in most, but not all cases. In general, measured isotopic 
fractionations compare well with the predictions from quantum 
mecahnics and vibrational analysis. Isotopic fractionation is 
directly correlated with coordination number.  

 
Colla et al (2013) Geochim Cosmochim Acta 121, 363-373 
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The origin of olivine megacrysts in the Northwest Africa 

(NWA) 1068 enriched shergottite has long been debated. 
Megacryst cores crystallized at more reducing conditions 
(FMQ – 2.5) compared to the groundmass (~FMQ) [1], and the 
P content in olivine, which exhibits three regimes of zoning, 
attests for a multi-stage crystallization history [2].  

Recent studies have shown that chemical diffusion produce 
significant anticorrelated fractionation of Fe and Mg isotopes 
in olivine [3] and that changing the oxygen fugacity conditions 
could affect the distribution of Fe isotopes [4]. These two 
processes might have occurred during the crystallization of 
NWA 1068, which thus represents a unique candidate to apply 
the emerging technique of in situ Fe and Mg isotopes analysis. 
We measured isotopic variations (δ56Fe and δ26Mg) by 
femtosecond-LA-MC-ICPMS to understand crystallization 
conditions and evolution of olivine megacrysts in NWA 1068. 
Analyses were performed with a laser spot size of ~40 µm and 
a precision of ± 0.10 ‰ (2σ). 

Olivine cores are chemically (Fo77-70) and isotopically 
homogeneous with unusually low δ56Fe (≈ -0.8 ‰) and high 
δ26Mg (≈ +0.1 ‰). The outer 100 µm rims are chemically 
(down to Fo50) and isotopically zoned with increasing δ56Fe 
(up to ~0 ‰). δ26Mg shows complex bell-like zoning with an 
increase to +0.9 ‰ followed by a sharp decrease to -0.4 ‰. 
These findings cannot easily be explained by a one-stage Fe-
Mg inter-diffusion history, although the extent of isotope 
variations strongly indicates kinetic isotope fractionation. 
Rather, several petrologic observations, such as the occurrence 
of crystals both zoned and merged together, strongly suggest 
that at least two growth stages occurred and are responsible for 
the observed zoning. A model taking both diffusion and 
growth into account is being developed to extract relevant 
timing constraints from isotopic profiles.  
 
[1] Herd et al (2006), GCA 66, 2025-2036 [2] Shearer et al 
(2013), GCA 120, 17-38 [3] Sio et al (2013), GCA 120, 302-
321 [4] Dauphas et al (2009), EPSL 288, 255-267  
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Stable isotope ratios of coexisting 
veins and host rocks constrain the 
buriel history of the Austin Chalk 

E. M. COLLINS1, K. M. FERGUSON1 AND R. T. GREGORY1 
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SMU, Dallas TX 75275 bgregory@smu.edu 

 
Twenty nine calcite-filled veins and coexisting whole 

rocks from the three stratigraphic members of the Upper 
Cretaceous Austin Chalk in Dallas and Ellis Counties were 
collected and analyzed for their stable isotope ratios in order to 
constrain the conditions of vein formation associated with 
normal faulting. The purpose of this project was to investigate 
the non-equilibrium relationship between the oxygen isotope 
composition of calcite veins and the Austin Chalk that had 
been observed by previous workers [1, 2].Carbon and oxygen 
isotope ratios were determined for chalk and calcite-filled vein 
samples for a total of 123 analyses. For the bulk chalk, the 
carbon isotope ratios and oxygen isotope ratios are relatively 
uniform over the period of deposition during a Cretaceous high 
stand of sea level. The carbon isotope ratios of the veins and 
host rocks cluster around the zero fractionation line on a vein 
vs. host rock δ13C indicating minimal contribution of carbon 
from microbial reactions involving organic matter. The δ18O 
values of the veins are bimodal and depleted in 18O with 
respect to the host rocks. The Δ values between host rocks and 
veins are ≈-2 and -5 for the high and low 18O veins, 
respectively. Stratigraphically [3], from bottom to top are the 
Atco, Bruceville and Hutchins Members, with mean whole-
rock δ18O values of -3.8, -4.4, and -3.7, respectively. The high 
18O veins by stratigraphic groups, -5.9, -6.3, -6.6 per mil, are 
all depleted with respect to the host rocks. The low 18O veins 
have been observed in the lower two members and have mean 
values of -8.1 and -8.5 per mil. The standard deviations on the 
mean values for veins and host rocks over the entire formation 
are at ±0.5 per mil Structurally the analyzed calcite veins are 
striated, multiple generation, sparry calcite fracture fill that 
form on fault planes with throws of less than a few meters. The 
spacing of veins and the amount of calcite precipitated 
indicates that intraformational fluid provides the necessary 
fluid flux to form the secondary calcite. Using the contrast in 
δ18O values between vein and host rock and testing for 
sensitivity to the initial depositional conditions, inferred burial 
depths of 0.5 to 1 km at the time of vein formation for the high 
and low 18O veins.  

 
[1] Dawson et al (1994) Trans. Gulf Coast Geol. Soc. 42, 787-
788 Lee et al (1997) J. Geophys. Res. 102, 22,611-22,628 [3] 
Gale et al (2008) Cretaceous Res. 29, 131-167 
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Introduction: The disposal of mercury (Hg) containing 

wastes has contaminated large areas of sediment and 
groundwater in the United States. When released into the 
environment, Hg undergoes redox transformations that 
strongly affect its solubility and sorption characteristics. 
Dissolved gaseous elemental mercury [Hg(0)] is mobile in 
groundwater, while oxidized mercuric mercury [Hg(II)] readily 
sorbs onto mineral surfaces and NOM. Furthermore Hg(II) is 
the substrate for methylation, and uptake of Hg(II) by 
anaerobic methylating bacteria leads to the production of 
neurotoxic methylmercury [MeHg]. Currently the redox 
interactions between Hg(0) and microbial biomass are poorly 
understood. In this study, we conducted laboratory 
experiments to determine if subsurface microorganisms can 
oxidize Hg(0) to Hg(II) under anoxic conditions. 

Materials and Methods: Mercury oxidation experiments 
were carried out with the obligate anaerobic bacteria Geothrix 
fermentans H5 and Desulfovibrio desulfuricans ND132 and the 
facultative anaerobic bacteria Shewanella oneidensis MR-1 
and Cupriavidus metallidurans AE104. To demonstrate the 
formation of Hg(II), we performed ethylation experiments and 
X-ray absorption near edge structure (XANES) spectroscopy 
on Hg(0)-reacted cell. Finally, samples from experiments 
conducted with the methylating bacterium strain ND132 were 
analyzed for the production of MeHg. 

Results and Discussion: All four bacterial strains reacted 
with dissolved gaseous Hg(0) to form non-purgeable Hg. 
Derivatization of non-purgeable Hg to diethylmercury and the 
Hg LIII-edge position of the XANES spectra demonstrated that 
the Hg(0)-reacted bacterial samples had formed oxidized 
Hg(II). XANES analysis also revealed that cell-associated 
Hg(II) was covalently bound to bacterial functional groups, 
most likely to thiol moieties. Experiments with metabolically 
active and heat-inactivated cells indicated that both live and 
dead cells oxidized Hg(0) to Hg(II). MeHg analyses showed 
that live cells of D. desulfuricans ND132 produced large 
quantities of methylmercury. The results of this work 
demonstrate a previously unrecognized pathway in the 
mercury cycle, whereby anaerobic bacteria produce MeHg 
when provided with dissolved Hg(0) as their sole Hg source. 
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Introduction: Anaerobic bacteria play a central role in the 

mercury (Hg) biogeochemical cycle through their catalysis of 
Hg methylation. Several species of anaerobic delta-
proteobacteria have now been shown to produce MeHg when 
provided with dissolved Hg(0) as their sole Hg source. In this 
study, we examined the role of microbial growth on the uptake 
of Hg(0) and production of methylmercury. Using growing, 
resting, and heat-inactivated cells of Desulfovibrio 
desulfuricans ND132, we conducted experiments to investigate 
the physiological factors that affect the conversion of dissolved 
gaseous Hg(0) to Hg(II) and MeHg.  

Materials and Methods: D. desulfuricans ND132 was 
grown under strict anaerobic conditions in defined media. 
Experiments with resting cells were conducted by suspending 
washed cells in deoxygenated phosphate buffer. Heat-killed 
cells were inactivated at 80°C for 30 min. Hg(0) oxidation 
experiments were carried out by reacting growing, resting, and 
heat-inactivated cells of D. desulfuricans ND132 with a 
continuous source of Hg(0) gas. Samples were periodically 
collected for non-purgeable Hg and MeHg analysis. Optical 
density (O.D.600) of the culture was measured at the beginning 
and end of of the incubation. Epifluorescence microscopy was 
performed using the LIVE/DEAD BacLight Bacterial Viability 
Kit and a Zeiss Axioskop 20 microscope.  

Results and Discussion: Experiments with metabolically 
active, resting and heat-inactivated cells indicated that both 
live and dead cells oxidize Hg(0) to Hg(II). In the live cells 
experiments, high MeHg concentrations were observed in most 
replicate experiments, but 3 out of 10 independent replicate 
samples did not show production of MeHg. Cell density 
measurements and epifluorescence microscopy revealed that 
MeHg production was strongly correlated to microbial growth, 
and was also related to the aggregation state of the cells. In 
samples where MeHg production was low, the cells were not 
growing and predominately subsisted in a planktonic state. 
Conversely, in samples where MeHg production was high, 
significant growth was observed and cells were tightly 
aggregated in biofilm-like communities. These results suggest 
that cellular oxidation of Hg(0) to Hg(II) can have toxicity 
effects on anaerobic methylating bacteria.  
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High frequencies of craton collision occur during 
supercontinent assembly at 1800, 1100, 650-300 and <100 Ma 
and low rates during breakup at 2100, 1300-1200 (?), 750, and 
200-100 Ma. Angular plate velocities as weighted by craton 
area range from 20 to 80 deg/100Myr with two peaks at 450-
350 Ma and 1100 Ma, both of which correlate with the initial 
stages of supercontinent assembly. The number of cratons 
decreases from ≥ 15 before 1900 Ma to < 10 after this time. 
Orogens and passive margins show the same two cycles of 
ocean basin closing at 2700 to 2000 Ma and at ≤ 2000 Ma. The 
younger cycle shows decreasing durations of ocean basin 
closing until about 1000 Ma. Supercontinent assembly and 
breakup durations are 200-300 Myr and 100-200 Myr, 
respectively. Except for 1200-700 Ma, duration of ocean-basin 
closing is ≤150 Myr. Time-averaged plate speeds suggest more 
sluggish plate tectonics in the past, which is consistent with a 
possible increase in craton collision frequency in the last 1000 
Myr. If Gondwana and Pangea are counted as stages of the 
same supercontinent, the supercontinent cycle has a period of 
about 500 Myr and there is no clear evidence for it speeding up 
or slowing down with time. 
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The U-Pb and derivitive Pb-Pb method of dating ancient 

meteorites and their components now has the capability to 
return ages with precision of ±200,000 years for favourable 
samples. The accuracy of derived ages depends critically on a 
number of issues related to mass spectrometry, including but 
not limited to correct estimates of instrumental isotopic mass 
fractionation, the applied mass fractionation law, recognition 
of interfering species across the Pb spectrum and blank 
correction associated with the isotopic analyses. Furthermore, 
a range of mass spectrometer types (including both TIMS – 
thermal ionization mass spectrometer and MC-ICP-MS – 
multi-collector inductively coupled plasma mass spectrometer) 
are currently used to generate Pb-Pb ages. Despite the potential 
for interlaboratory biases, no standard solutions or samples that 
span the appropriate Pb isotopic compositional space have 
been available for the quantification of interlaboratory 
agreement.  

To address this issue, a series of solutions have been 
prepared for distribution that define a linear array in 
204Pb/206Pb vs 207Pb/206Pb space that corresponds to an age 
approximating that of the solar system. Two end-member 
solutions were first created from purified Pb isotopes, one 
corresponding to an early solar system initial Pb composition 
and the other equivalent to a highly-radiogenic mixture with a 
pseudo-model age approximating the age of the solar system. 
The radiogenic solution also contains normal uranium such 
that the U/Pb is broadly concordant with the Pb-Pb date. Three 
intermediate solutions were mixed from these end-member 
solutions with approximate mixtures containing 45%, 80% and 
95% of the highly-radiogenic end-member. Aliquots of these 
three mixtures along with the pure-radiogenic end-member 
solution are being distributed to any laboratory wishing to 
participate in an interlaboratory calibration test of Pb isotopic 
analyses. The results from each laboratory will be collated and 
presented blindly in an effort to check for interlaboratory 
consistency and to work as a community to remedy any 
descrepencies that become apparent in this experiment. 
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The Origins, Spectral Interpretation, Resource 
Identification, and Security–Regolith Explorer (OSIRIS-REx) 
sample return mission will return at least 60 g of pristine 
regolith from the surface of asteroid (101955) Bennu. A major 
goal of the mission is to constrain the the origin and evolution 
of Bennu from analysis of the regolith grains. Collection of the 
sample from the surface of Bennu, unlike meteorites that are 
recovered from the surface of Earth, will provide the 
geological context of the sample and permit us to reference, in 
detail, the analysis of the sample to the remote sensing data 
collected while at encounter. The mission has identified, to 
date, 20 hypothesis with over 70 tests to be performed to 
achieve the mission goal of constraining the geological and 
dynamical history of Bennu [1].  

Lessons learned from the Hayabusa mission, which 
returned samples from asteroid 25132 Itokawa, form the basic 
framework for understanding the origin and evolution of 
asteroids. Particles returned from the surface of Itokawa are LL 
chondrite material, ranging from metamorphic type 4-6 [2]. 
We argue that two findings from analysis of the returned 
samples provide a key constraint on the dynamical history of 
Itokawa. Cosmic-ray exposure dating for samples returned by 
Hayabusa show a lower age of ~1 Mya, with an upper limit of 
~8 Mya [3,4]. Furthermore, there are two distinct grain 
morphologies, angular and rounded [5]. Rounded grains 
require high-energy environments in which to weather and 
erode. We hypothesize that the young age of Itokawa regolith 
(and possibly the young ages of some chondrites) combined 
with the rounded nature of grains indicate that Itokawa 
experienced grain mobilization on its surface. A leading 
mechanism for such transport is the Yarkovsky-O-Keefe-
Radziebskii-Paddack (YORP) effect [6]. Thus, the young ages 
and the rounding of grains may be caused by YORP thermal 
torques, which cause small asteroids to spin up or spin down 
and can drive particle mobilization to geopotential lows. 

 
[1] Messenger et al 45th LPSC #1904 [2] Nakamura et al 
(2011) Science 333, 1113 [3] Meier et al (2013) HAYABUSA 
2013: Symposium of Solar System Materials [4] Nagao. 
(2011) Science 333, 1128 [5] Tsuchiyama et al (2011) Science 
333, 1125 [6] Walsh et al (2008) Nature 454, 188 
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The Cedars site is an exposed peridotite body in northern 
California undergoing active serpentinization. Alkaline spring 
waters (pH >11) with high concentrations of dissolved H2 and 
CH4 discharge at the surface in several locations. Two sets of 
water samples were collected during high- and low-flow 
periods for gas concentration and isotopic measurements to 
assess mechanisms of formation and whether the isotopic 
compositions of the gases can be used to determine 
serpentinization temperatures. Multiple samples were taken 
from each of 3 springs complexes listed in order of increasing 
elevation: Grotto Pool (GP), Barnes Springs (BS) and Mineral 
Falls (MF). Gas concentrations within each complex were 
similar, but gas ratios varied between complexes with the ratio 
of CH4 to H2 ranging from <0.4 at GP to 0.5 to 1.0 at BS, to 
>2.0 at MF. The variation in δD for all H2 samples analyzed 
(n=14) was small (-735 to -756‰), with no differences 
between complexes. Using the average δD of water (-40‰), 
and the relationship outlined by Horita [1] for equilibration of 
water and H2 gas using a platinum catalyst, gives calculated 
formation temperatures averaging 24°C. These temperatures 
imply H2 formation or equilibration temperatures at near-
surface conditions. Significant H2 production at low 
temperatures is consistent with H2 generated in abiotic 
laboratory experiments with peridotite from Cedars at <100°C. 
Average δ13C values of CH4 vary from -56‰ at GP to -62‰ at 
BS to -66‰ at MP are similar to data from the same locations 
recently published by Morrill et al [2] and correlate with the 
observed changes in the ratios of dissolved CH4 to dissolved 
H2 noted above. The isotope compositions of the CH4 do not 
fall in the range of typical values for abiotic CH4 and no 
generation of CH4 was observed in the Cedars peridotite 
experiments, suggesting that the CH4 is not abiogenic. 
Although the biological mechanism is not clear at this time, it 
is worth exploring the role of biological processes in the trend 
of increasing CH4/H2 and decreasing δ13C from the lower to 
higher elevation sites.  

 
[1] Horita (1988) Chem. Geo. 72, 89-94 [2] Morrill et al 
(2013) Geochim Cosmochim Acta 109, 222-240  
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Introduction and Approach 

The habitability potential (HP) of an environment is a 
measure of its suitability to support life. Because we only 
know life as it is found on Earth, we cannot make an 
exhaustive determination of another planet’s capability to 
support life that we do not know, however it is possible to use 
the requirements for life that we do know as a benchmark.  

For Mars, what Viking began nearly forty years ago [1] has 
become the basis for the present habitability assessment 
campaign of NASA’s Mars Science Laboratory (MSL) [2].  

A number of diverse chemical and physical attributes of 
the present environment have been measured with sufficient 
frequency to better probe the diurnal and seasonal 
environmental dynamics of Mars, and we‘ve also begun to 
grasp a little more of the past habitability potential of Mars, 
particularly with the rover missions: the Mars Exploration 
Rovers and MSL. Mobility and the capability to measure 
multiple samples have allowed us to sample more of Mars at 
close range, measuring local phenomena that might be beyond 
the sensitivity and resolution of orbital measurements. 

Meeting the chemical requirements for life (specific 
elements, oxidation state, phase state, etc.) is only part of what 
characterizes a habitable environment. The physical conditions 
that thermodynamically and kinetically constrain the chemical 
reactivity at the environment under study provide strong 
constraints on its habitability potential. Such metrics include 
maximum and minimum temperature on both a diurnal and 
seasonal basis, ionizing radiation, wind speed and direction, 
rock porosity and permeability, atmospheric pressure, etc. 
Discussion and Implications 

The surface of Mars has a low HP relative to at least one 
environment observed in the martian past [2]. This does not 
preclude subsurface environment with higher HP. 

The ability of the MSL payload to measure the exposure 
age of rock [3] facilitates a distinction between preservation of 
paleoenvironments and habitability potential as represented in 
the rock record.  

 
[1] Klein, H. P. (1979). Rev Geophys, 17 1655-1662 [2] 
Grotzinger et al (2013) Science 342 [3] Farley et al (2013) 
Science 342 
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Mining of marine minerals within the U.S. Exclusive 
Economic Zone (EEZ) must wait until Federal regulators 
establish a legal framework and environmental regulations that 
will balance the economics of mining with the preservation of 
regional fisheries, marine national monuments, and interests of 
other stakeholders. 

Elements of economic interest in ferromanganese crusts 
within the EEZ along the central and southern California (CA) 
margin will be compared to those from the Pacific Prime Crust 
Zone (PCZ) [1]. Rare earth elements in CA margin crusts are 
comparable to those in crusts from the PCZ. Metals of 
economic interest: Mo, Ni, Cu, Co, Nb, W, and Te have lower 
concentrations in CA margin samples with platinum group 
elements significantly lower. 

The CA margin is a region of high primary productivity 
that hosts large commercial fisheries and marine mammal 
migration routes. Seamounts create obstructional upwelling 
leading to high primary productivity and development of an 
oxygen minimum zone. It has been determined that seamounts 
are not island habitats with highly endemic faunas that 
comprise unique communities distinct in species composition 
from other deep-sea habitats, as once thought [2], which is also 
true for seamounts surveyed off CA [3]. The potential 
environmental impacts associated with exploitation of crusts 
along the CA margin are of concern. Scientific assessment of 
the resource potential of CA margin crusts and environmental 
costs of extraction are needed for informed decisions and 
development of federal regulations. 
 
[1] Hein & Koschinsky (2013). Treatise on Geochem (2nd 
Edition), 13.11, 273-291 [2] Rowden et al (2010) Mar Ecol 
31:226-241 [3] Lundsten et al (2009) Mar Ecol Progr Ser 
389:223-232 



 Goldschmidt2014 Abstracts  

 

453 

453 

Bicarbonate-Rich Liquid Condensed 
Phases in Seawater: Possible 

Influence on Carbonate 
Biomineralization 

B. CONSTANTZ1 AND M.A. BEWERNITZ2* 
1Dept. of Geological and Environmental Sciences, Stanford 

University, Stanford, CA 94305, USA 
(brentc@stanford.edu) 

2Blue Planet Ltd., Los Gatos, CA 95032, USA 
(*correspondence: mark@blueplanet-ltd.com) 

 
Earth’s atmosphere has seen extraordinary variation in 

levels of atmospheric carbon dioxide over Phanerozic time, 
although we are currently experiencing a relatively rapid rise 
in pCO2 due to the industrial revolution. Modern pCO2 levels 
are thought to be relatively low compared to past Era’s of 
prolific carbonate biomineralization during Earth’s history 
when atmospheric carbon dioxide levels where considerably 
higher, and when most calcium carbonate forming taxa 
originated and flourished. Recently, it has been observed that 
the bicarbonate ion, in the presence of calcium and other ions, 
condenses into a bicarbonate-rich liquid condensed phase 
(LCP) by fractionating from solution as droplets in the bulk 
solution. The concentration of the bicarbonate-rich LCP in 
seawater is affected by atmospheric pCO2 concentrations and 
may affect the formation of calcium carbonate mineral phases 
and basic biomineraliztion processes. The bicarbonate-rich 
LCP droplets are about 100 nm across and appear to participate 
in fundamental biomineralization processes during the 
formation of calcium carbonate skeletons. We have detected 
this phase in modern seawater and in artificial solutions 
mimicking ancient seawater using Nanoparticle Tracking 
Analysis (a light scattering technique) and other analytical 
techniques, and found it to be ubiquitous. Discovery of a this 
co-existant second liquid phase in seawater calls into question 
the interpretation of seawater analytical measurements, such as 
pH and concentration estimates of dissolved inorganic carbon 
taken from filtered seawater, made with the assumption that 
seawater is a one-phase system. The presence of the 
bicarbonate-rich LCP in modern seawater suggests that bulk 
concentrations of dissolved inorganic carbon in seawater may 
be considerably different that estimated. In addition, some of 
the previous assumptions about the affect of the pH of the bulk 
solution phase on biomineralization, in light of the LCP 
discovery, may miss the role the bicarbonate-rich LCP plays in 
carbonate biomineralization, and may require further 
evaluation. 
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Zinc (Zn) is a marine micronutrient, utilised by 

phytopkanton in enzymes such as carbonic anhydrase. In the 
oceans, zinc displays nutrient-type profiles, similar to silicate, 
with the highest concentrations found in the deep Pacific. Zn 
stable isotope ratios (δ66Zn) are a relatively new oceanographic 
parameter which offers new insights into the biogeochemical 
cycling of Zn. The handful of previous studies of δ66Zn in the 
ocean have shown the deep ocean in the North Pacific, North 
Atlantic and Southern Oceans to be rermarkably homogenous1-

3, and heavier (~0.5‰) than any of the known marine sources 
of Zn (crustal is ~0.3‰). 

Here, we present the first high-resolution oceanic section 
of [Zn] and δ66Zn, through the North Atlantic Ocean. Data 
from 21 open-ocean stations as part of the US GEOTRACES 
North Atlantic Transect, from Lisbon to Woods Hole via 
Mauritania, provide a large dataset for us to draw new insights 
into the cycling of Zn and Zn isotopes in the ocean. In the 
surface ocean, biological uptake and release of light Zn 
isotopes, together with scavenging of heavy Zn isotopes 
complicates the picture. Below 1000 m, however, consistent 
with previous studies, the deep ocean δ66Zn is remarkably 
homogenous (mean 0.50±0.14‰; 2SD). However, the high 
resolution nature of this study allows us to observe small scale 
variability within the deep ocean.  

Close to both North America and Spain, sediments are a 
source of isotopically lighter Zinc (-0.2 to +0.2‰), likely 
reflecting remobilisation of ZnS or non-remineralised 
biological Zn. The Mid-Atlantic Ridge is a source of 
isotopically light Zn (-0.1 to -0.2‰), but this signal does not 
persist far from the vents. There is a transition from fully 
‘oceanic’ profiles in the western basin, (mean +0.47±0.08‰; 
2SD) to those which show a broad excursion to higher δ66Zn 
values (+0.6 to +0.7‰) between 1000-2500 m depth, close to 
Africa. These δ66Zn signals are heavier than any known Zn 
source to the ocean, and so we suggest they could represent a 
water-column sink for isotopically light Zn associated with 
oxygen minimum zones. This sink may be repsonsible for the 
isotopically heavy steady-state deep ocean Zn reservoir. 
 
[1] Bermin, J. et al (2006). Chem. Geol. 3-4, 280-297 [2] 
Boyle, E. et al (2012). Limnol. Oceanogr. Meth. 10, 653-665 
[3] Zhao, Y. et al (2014) Geochim. Cosmochim. Acta 125, 653-
67 
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Iron (Fe) is an essential micronutrient in the oceans, 

required by phytoplankton for both nitrogen fixation and 
photosynthesis. The supply and availability of Fe in the surface 
ocean therefore influences marine primary productivity and the 
global carbon cycle on short and long timecales. Aerosol dust, 
sediments and submarine hydrothermal vents are the main 
sources of Fe to the oceans. However, the relative importance 
of these to the dissolved Fe inventory is hotly debated with 
estimates of the contribution from each varying by orders of 
magnitude. 

Stable Fe isotope ratios (δ56Fe) are a novel oceanographic 
tool which illuminate the sources, sinks and cycling of Fe 
within the ocean. Here, we present the first high-resolution 
oceanic section of dissolved [Fe] and δ56Fe, with 21 open-
ocean profiles from the US GEOTRACES North Atlantic 
Transect from Lisbon to Woods Hole, via Mauritania. We use 
this large dataset to show that the different sources of Fe to the 
ocean have distinct δ56Fe signatures, which may be traced 
throughout the water-column. 

By assigning distinct end-member δ56Fe values to different 
sources, we directly quantify their contributions to the transect. 
Overall, we calculate that 72-88% of the Fe in the section is 
from aerosol dust, 10-18% from oxic sediments on the North 
American Margin and 2-4% from eastern-margin reductive 
sediments under the Mauritanian upwelling regime. 
Additionally, direct sampling of a hydrothermal plume allows 
us to isotopically fingerprint Fe released from the Mid-Atlantic 
Ridge, show that Fe travels ~1000 km west from the ridge, and 
calculate that submarine vents contribute 2-6% of the Fe across 
the section. 

Oxic sediments and hydrothermal Fe are likely to be less 
sensitive to climate change than aerosol dust and reductive 
sediments, and so source variability may be an important 
control on the dissolved Fe cycle and feedback on global 
climate. Additional data from the South Atlantic and the North 
Pacific add to this picture by showing that different sources 
control the availability of Fe in different regions of the ocean. 
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With a few notable exceptions, most long-term C-cycle 
models have played-down the role of low-temperature (T), off-
axis, alteration of the oceanic crust as a feedback on the 
climate system. However, the C-content of Cretaceous-age 
(hot-house) oceanic crust is much higher that of late-Cenozoic-
age (ice-house) oceanic crust [1]. This difference can only be 
explained if reactions in off-axis hydrothermal systems 
produced more alkalinity in the Cretaceous than late-Cenozoic 
[2]. While several possible feedback mechanisms have been 
proposed, the simplest is that higher bottom water 
temperatures in the Cretaceous enhanced reaction rates leading 
to greater alkalinity production [3]. An indirect approach to 
determining the T-dependence of reactivity of the crust in off-
axis hydrothermal systems comes from the Sr-isotopic 
composition of carbonate minerals formed within these 
systems. Different crustal sites have different local 
hydrological regimes leading to different alteration 
temperatures. Combined O-isotope thermometry and Sr-
isotope analyses of carbonates show the crustal contribution to 
the Sr-isotopic composition of the hydrothermal fluid increases 
significantly for a 10°C increase in hydrothermal fluid 
temperature. While this observation does not directly constrain 
alkalinity production, it is consistent with a decrease in the 
intensity of “chemical weathering” of the oceanic crust with 
decreasing bottom water temperature. 

The temperature dependence of the amount of 
unradiogenic crustal Sr in off-axis hydrothermal fluids 
provides a direct constraint on the role of these fluids in 
controlling the Sr-isotopic composition of seawater. Feeding 
the T-dependence derived above into a seawater box-model 
shows that small changes in bottom water temperature can 
have a substantial (>0.001) impact on seawater 87Sr/86Sr.  

We hypothesize that late Cenozoic cooling led to 
decreased fluid-rock reaction rates within off-axis oceanic 
hydrothermal systems decreasing CO2 consumption and 
decreasing the flux of unradiogenic Sr in the ocean. This 
would have helped stabilize atmosphere CO2 and led to an 
increase in seawater 87Sr/86Sr (as observed). This model could 
decouple enhanced (continental) silicate weathering due to 
India-Asia collision from the negative feedback (oceanic) 
required to stabilize atmospheric CO2. 

 
[1] Gillis & Coogan (2011), EPSL 302 p385;[2] Coogan & 
Gillis, G3 p1771; [3] Brady Gislason (1997), GCA 61 p 65. 
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The increasing prevalence of hypoxia in many estuaries 
worldwide has lead to great interest in how this effects key 
biogeochemical cycles such as nitrogen, which is a key driver 
of estuarine productivity and hypoxia [1]. In our studies of the 
periodically anoxic Yarra Estuary, we have consistently 
observed increased rates of (DNRA) relative to denitrification 
during oxic conditions and lower rates during anoxic 
conditions in the water column [2]. Further controlled 
laboratory studies of depth profiles of 15N-N2 and 15NH4

+ using 
novel gel samplers confirmed these observations. Moreover, 
we observed DNRA rapidly recommenced after the sediment 
was re-oxidised. Slurry incubations of sediment taken from the 
site suggest DNRA was linked to Fe2+ oxidation. We 
hypothesise that under anoxic conditions Fe2+ is both lost from 
the sediment to the water column and bound up as FeS leading 
to a reduction in rates of DNRA. Upon re-aeration of anoxic 
cores we observed a rapid development of pH maxima and 
minima indicating the presence of ‘cable bacteria’ performing 
electrogenic suphur oxidation within the sediment. We 
hypothesise these organisms enhance DNRA through the 
liberation of Fe2+ near the sediment surface. Sediments in 
periodically hypoxic estuaries, may therefore have increased 
rates of DNRA relative to denitrification, potentially 
exacerbating the problem of hypoxia as bioavailable nitrogen 
is recycled in the form of NH4

+, rather than being lost as N2. 
 
[1] Diaz, R.J., Rosenberg, R. 2008. Science 321, 926-929 [2] 
Roberts, K., Eate, V., Holland, D., Eyre, B.D., Cook, P.L.M. 
(2012), Limnology & Oceanography 57, 1427-1442 
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Approximately 1700 Pg of soil organic carbon (SOC) are 

stored in Arctic permafrost, more than twice the amount of 
carbon in the atmosphere [1-3]. Microbial decomposition of 
thawing permafrost SOC and release of greenhouse gasses 
carbon dioxide and methane are considered to be positive 
feedbacks to global warming. Microbial communities in 
permafrost are taxonomically diverse and capable of 
mineralizing even recalcitrant and old carbon sources [1]. 
However, a detailed understanding of microbial activities 
associated with permafrost thaw [4] is lacking. Here, we 
describe and analyze the first metatranscriptomes from upper 
and deeper permafrost soils underlying moist acidic tundra 
before and after 11 days of thaw, represented by ~0.5 billion 
complementary DNA (cDNA) Illumina sequence reads. 
Bacteroidetes, Firmicutes, ascomycete fungi, and methanogens 
showed the most drastic increase in gene expression in the top 
permafrost, and all major classes of hydrolases involved in the 
cleavage of complex biopolymers into C1 and C2 substrates 
were expressed in both frozen and thawed soils. Methyl 
Coenzyme Reductase A (mcrA) was the most abundant 
expressed gene in the upper thawed permafrost and could be 
annotated to the versatile methanogenic archaeon 
Methanosarcina barkerii. Evidence of methanogenesis from 
the C1 and C2 substrates methanol and acetate was higher in 
frozen and thawed permafrost respectively. Data mining is 
ongoing and we hope to present additional interesting changes 
in gene expression upon permafrost thaw such as the response 
of defense mechanisms against bacteriophages and fungal 
antibiotics. 

 
[1] Dutta, K., et al (2006). Global Change Biology 12, 2336-
2351 [2] Schuur, E.A.G. et al (2008). Biosciences 58, 701-714 
[3] Zimov, S.A. (2006). Geophys. Res. Lett. 33, L20502, 
doi:10.1029/2006GL027484 [4] Coolen, M.J.L. et al (2011). 
Environm. Microbiol. 13, 2299-2314 
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Reactive transport models are being used to understand 

carbonate diagenesis in a range of settings by investigating 
overarching controls on the diagenetic patterns. Most studies 
have focussed on the evaluation of conceptual models, and 
simulations of specific locations that allow comparison with 
observational data are rare. There is a need to understand how 
simplified representations of complex carbonate systems may 
affect the conclusions drawn from the more generic models. 
What is the gain for the additional effort? And what are the 
implications of uncertainties inherent in model 
parameterisation? 

This work follows the development of a 2D reactive 
transport model of interaction between meteoric waters and 
young carbonates in an island setting, using TOUGHREACT. 
Initial simulations modeled the phreatic zone of a generic 
island with homogeneous rock properties. These early 
simulations evaluated the sensitivity of diagenesis to key 
controls, in both the freshwater lens and underlying fresh-salt 
water mixing zone. Results showed that different processes 
drive diagenesis in these two environments. At the top of the 
freshwater lens, dissolution was enhanced by increasing both 
the effective recharge and the biogenic CO2 concentrations. 
Within the mixing zone the dissolution was more sensitive to 
the rate of effective recharge than to the pCO2 of the meteoric 
waters. By increasing the effective recharge a deeper and 
thicker mixing zone develops and this increases dissolution 
rates. 

This model was then developed to more accurately 
represent the well-studied meteoric system on North Andros, 
Bahamas. We evaluated the effects of the addition of a vadose 
zone along with seasonal variations in recharge on the 
dissolution patterns. Preliminary results suggested that both 
these parameters alter the effective recharge and modify the 
flux of CO2 into the system. This alters both the dissolution at 
the top of the freshwater lens and within the mixing zone. 

The impact of heterogeneities on the distribution of rock 
properties was included into the model. Preliminary flow 
simulations suggested that low permeability paleo-exposure 
horizons, even at some depth beneath the mixing zone, thin the 
lens and focus saltwater flow beneath the mixing zone, 
potentially enhancing mixing zone dissolution. 
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Here, we present the results of a kinetic study exploring a 

geochemical mechanism for H2O2 production mediated by the 
redox cycling of iron rather than photochemical input. The 
tidally-driven mixing of Fe(II) with dissolved oxygen at the 
groundwater-seawater interface creates a highly reactive zone 
conducive to the rapid cycling of iron and consequent ROS 
generation. To investigate the simultaneous production and 
consumption of H2O2 as a function of iron cycling, our 
experimental design consisted of spiking ambient creek water 
with either H2O2 or a deoxygenated Fe(II) solution and 
monitoring the production/decay. The measured rates were 
interpreted according to photochemical input, iron speciation, 
and groundwater composition; allowing for comparison of 
photochemical production against geochemical mechanisms of 
ROS production. Method optimization required the application 
of a two-instrument approach, whereby a continuous-flow 
instrument measuring time-resolved kinetics was externally-
calibrated by a single-injection instrument using the method of 
standard additions. The heightened ROS 
production/consumption rates observed approximately six 
hours after sunset were in stark contrast to the low (almost 
negligible) rates characteristic of photochemical production, 
suggesting a significant geochemical contribution. Moreover, a 
simultaneous occurrence of micromolar levels of both Fe(II) 
and H2O2 was observed for approximately 2.5 hours (0200-
0430 EST). Taken together, our results suggest that under 
these conditions, ROS activity is initiated by iron input with a 
negligible photochemical contribution, as well as provide 
preliminary evidence for the periodic occurrence of sustained 
Fenton chemistry in natural waters. 
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Among the biomarkers, long-chain n-alkanes (>25 C) are 
particularly valuable components from the waxy plant cuticles. 
Their relative abundances of the stable hydrogen isotopes 
(δ2H) show good correlations with δ2H values of precipitation, 
making them a promising proxy for paleohydrological 
conditions. Despite the primary control of leaf wax n-alkanes 
δ2H values by the plant’s source water, biochemical hydrogen 
isotope fractionation during biosynthesis of n-alkanes (εbio) 
account for a large part of the leaf wax n-alkanes δ2H values. 
While εbio is frequently assumed to be approximately constant, 
few studies have directly addressed within species variability 
in εbio. 

Here we present the results from a climate-controlled 
growth chambers experiment where tested the sensitivity of εbio 
to different light treatments. The different light treatments 
were applied to induced different metabolic status (autotrophic 
vs. heterotrophic) in 7 different plant species that we grew 
from large storage organs (e.g. tubers or roots). The results 
show a systematic εbio shift (up to 80 ‰) between the different 
light (i.e. metabolic) treatments. We suggest that this shift is 
due to the different NADPH pools used by the plants to build 
up the n-alkanes from stored carbohydrates in heterotrophic or 
autotrophic conditions. Our results have important implications 
for the calibration and interpretation of sedimentary records of 
n-alkanes δ2H values in geological studies. In addition our 
findings support the idea of n-alkanes as an interesting 
ecohydrological proxy for ecosystem and plant physiological 
studies. 
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The uranium and non-uranium-bearing polymetallic 

hydrothermal iron oxide and alkali-alteration (IOAA) systems 
of the Great Bear magmatic zone (GBMZ) are ideal natural 
laboratories to document this complex family of deposits. 
These systems have escaped orogenic metamorphism and their 
unweathered, glacially polished, nearly continuous outcrops 
expose in structural 3D the evolution of alteration facies that 
account for penecontemporaneous continua amongst iron 
oxide–apatite (IOA), high technology metal iron oxide, 
magnetite- to hematite-group iron oxide copper–gold (IOCG) 
and albitite-hosted uranium deposits. As fluid and host 
environment temperatures decline from the roots of the 
systems to preserved epithermal caps or laterally away from 
heat sources, the alteration facies prograde from: 1) sodic, 
2) high-temperature calcic–iron, 3) high-temperature potassic–
iron, 4) potassic felsite breccia or potassic skarns, and 5) lower 
temperature hydrolitic potassic–iron alteration. Each alteration 
facies exhibit systemic geochemical signatures and metal 
associations that have been documented within 36 IOAA 
systems of the GBMZ. The prograde sequence and diverse 
permutations of alteration facies associated with transition, 
juxtaposition, superimposition, telescoping, retrogression and 
cyclical build-up of alteration provide vectors toward the 
extraordinary range of deposits formed in IOAA systems. 
Through observations in the field, core logging or geochemical 
analyses, inferences can be drawn about the nature of incoming 
and outgoing fluids/metals for each alteration facies observed 
to prognosticate potential mineralization and system-wide 
components that remain to be discovered at district to deposit 
scales. To facilitate this, IOAA alteration facies terminology 
and typology have been refined and a new alteration index 
based on whole-rock geochemistry developed. 
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Large explosive eruptions from silicic calderas are among 
the most catastrophic events on earth. Identification of 
previously unknown but possible sites of caldera eruptions is 
thus among the most pressing and challenging problems in 
volcanology. Here we combine petrological and InSAR 
observations from Cordón Caulle volcano in Southern Chile 
that suggest the existence of a large interconnected system of 
silicic melt at shallow depth and sheds light into the processes 
that might occur in a yet-to-be caldera system.  

Cordón Caulle has produced explosive to effusive 
rhyodacitic eruptions in 1920-21, 1960, and 2011-12, all of 
similar size (0.5-0.8 km3), nearly identical petrochemical 
features, and pre-eruptive conditions: 900° C, ca. 4 wt% H2O, 
and a storage depth of 6-7 km. Analysis of InSAR data from 
2007 to 2011 has identified 4 large scale deformation episodes 
of areas between 20 and 400 km2, and maximum uplifts of 19 
cm. The deformation sources are far (2-10 km) from the 2011-
12 eruptive vent, and coincide with the vents from the 1921-22 
and 1960 eruptions, and with the neighboring Puyehue 
volcano. Modeling of the 2008-2009 deformation episode 
suggests source depths of 5-9 km. Modeling of exsolution 
lamellae in clinopyroxene found in the three historical 
rhyodacites, shows that the magmas below Caulle have been 
slowly cooling for a few thousand years in a reservoir of up to 
tens of km3. Thus, our geological, petrochemical, and 
deformation data suggest that below Cordon Caulle there is an 
interconnected silicic magma plumbing system that allows for 
pressure and perhaps magma transfer over an area of at least 
20 km2, and resembles that of a large silicic caldera system. If 
the pre-eruptive deformation was caused by magma 
replenishment the new magma was silicic and similar to the 
pre-existing magma, and/or did not erupt. Pre-eruptive 
deformation can occur in pulses and reach its peak years before 
eruption, and a lack of deformation does not necessarily imply 
that eruption is not imminent. 
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The Marcellus Shale, which has been a focus of natural gas 
exploitation employing horizontal drilling and hydraulic 
fracturing (‘fracking’) techniques, intersects the westernmost 
part of Maryland below Allegany and Garrett Counties. By 
temporarily suspending the licensing process, the governor of 
Maryland has created a unique window for monitoring the pre-
fracking water quality baseline that was not available in many 
other states. We are using this opportunity to measure 
dissolved methane (CH4), strontium (Sr), and barium (Ba) 
levels in water samples taken at 1–2-month intervals from 27 
sites across 5 distinct catchments, each for a period of one 
year. Thermogenic CH4 from the Marcellus Shale may enter 
surface or groundwater as a direct result of fracking, whereas 
Sr and Ba occur at high concentrations in produced water and 
may be released due to spills or well-casing failure. 

Dissolved CH4 concentrations were measured by GC and 
found to range spatially from below detection to ~0.5 µM and 
as high as 5.5 µM in some streams, consistent with data 
reported for pristine rivers elsewhere in the USA. Values are 
typically higher in late summer, suggesting that the CH4 is 
biogenically produced in situ. We are presently attempting 
δ13C analysis of the dissolved CH4 using cavity ring-down 
spectroscopy to confirm this. Preliminary results obtained via 
IRMS are inconclusive, but method development is ongoing. 

Dissolved Sr and Ba concentrations were measured by 
ICP-MS and generally found to range spatially between 0.1 
and 1.5 µM, with several streams displaying strong seasonal 
cycles. Molar Ba/Sr ratios are more constant in each stream, 
distributed around unity, with some showing Ba-enrichment 
and some Sr-enrichment. Dissolved concentrations of major 
ions (Na, K, Mg, Ca, Cl, SO4, ANC) were also measured by 
ICP-AES, IC, and Gran titration. A ternary diagram of the 
cation data suggests that stream compositions are grouped in 
accordance with the complex geology of the Appalachian 
Plateau rather than catchment, perhaps explaining the spatial 
variability of Sr and Ba. Temporal variability may be driven by 
seasonal shifts in precipitation vs. groundwater inputs. 

The observed significant variability of dissolved CH4, Sr, 
and Ba levels in an area slated for natural gas exploitation may 
complicate recognition of potential future surface water 
contamination from fracking activities and emphasizes the 
need for longterm regional monitoring of pre-fracking water 
quality baselines with high spatial and temporal resolution. 
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We report on neon diffusion in Durango fluorapatite, 
which was one of the first age standards used to quantify 
diffusivity of helium in apatite. Thermochronometric time-
temperature models require knowledge of temperature-
sensitive diffusivities, which can be calculated from laboratory 
step-heating experiments. 

Unlike the helium in apatite system, the neon in apatite 
system exhibits complex behavior that appears sensitive to the 
high temperatures necessary to extract measurable neon on the 
timescale of hours in the laboratory. We show characteristic 
Arrhenius plots from high temperature experiments (up to 
1100 °C) and discuss the patterns observed, including slowly 
but continuously dropping diffusivities during isothermal and 
retrograde heating experiments. We interpret these effects as 
evidence of crystallographic changes in apatite at high 
temperature, and show evidence for this assertion from 
previous studies of volatile loss in apatite.  

In an effort to work around this problem and to interrogate 
the temperature range of interest for neon diffusion over 
geologic timescales, we present the results of diffusion 
experiments designed to circumvent these problems. We 
present a preliminary closure temperature in the range of 250-
300°C for the neon in apatite system, and discuss potential 
techniques for further refining this diffusion model along with 
the geologic applications of the neon in apatite system and the 
(U-Th)/Ne thermochronometer in other uranium- and thorium-
bearing mineral systems. 
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Understanding the chemical and microbial composition of 

waters produced from hydraulicly fractured shales is important 
for evaluating appropriate waste handling and disposal options. 
Produced waters (PW) can be a mixture of injected fracturing 
fluids and formation waters whose composition changes over 
time during gas production. We characterized the organic 
compounds and microbial communities in PW samples 
collected from separator tanks from one Burket shale and 12 
Marcellus Shale wells in north central Pennsylvania. Non-
volatile dissolved organic carbon (NVDOC) was high (7-31 
mg/L) relative to typical uncontaminated groundwater (<2 
mg/L) and the presence of organic acid anions (e.g., acetate, 
formate, and pyruvate) indicated microbial activity. Volatile 
organic compounds (VOCs) were detected in four samples 
(~1-11.7 µg/L): benzene and toluene in the Burket sample, 
benzene in two Marcellus samples, and tetrachloroethylene 
(PCE) in one Marcellus sample. The source of the VOCs is 
unclear; although some can be naturally occurring they can 
also be associated with industrial activity. Microbial 
abundance was generally low, ranging from 66 to 9400 
cells/mL. Despite the addition of biocides during hydraulic 
fracturing, sulfate-reducing, fermenting, and methanogenic 
bacteria were cultured from PW samples. Culturable organisms 
were halophilic and related to members of the 
Halanaerobiaceae (Halanaerobium sp.) family. Despite high 
salinities in all of the samples (median TDS of 278,000 mg/L), 
the presence of culturable bacteria was not correlated with well 
location or salinity levels. However, organic compound 
concentrations and production time were variably correlated 
with microbial activity. Our multiple lines of evidence indicate 
the presence and activity of microorganisms that could degrade 
the organic compounds present in PW. 
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We present an interrupted flow technique using a 

centrifuge permeameter to characterise the intrusion of saline 
water in dual porosity media. Duplicate semi-consolidated and 
saturated clay samples (40 mm length × 100 mm diameter) 
were cored with minimal disturbance from 25.0 m depth at a 
field research site in New South Wales, Australia, where the 
clay acts as a natural low permeability barrier between saline 
groundwater (EC = 12,876 µS/cm) at 20 m depth and relatively 
fresh groundwater (EC = 2,640 µS/cm) at 40 m depth. 
Duplicate clay core samples were first saturated using native 
groundwater (EC = 6,870 µS/cm), and then permeated using 
D2O tracer labelled saline groundwater (EC = 12,876 µS/cm) 
at constant centrifugal force and steady-state flow. Analysis of 
solute breakthrough curves, derived from δD and major ion 
(Na, Ca, Mg, Cl) concentrations within effluent samples, 
indicates dual porosity behaviour for all samples tested, with a 
long “concentration vs. time tail” recorded. Prior to full solute 
breakthrough the samples were removed from the centrifuge 
and allowed to stand (at 1 g) for fixed time period with their 
influent removed. The influent was then replaced and the 
samples were centrifuged again. A negative spike in the δD 
and solute breakthrough curves was then recorded indicating 
solute exchange (via molecular diffusion) between the 
preferential flow network and the low K domain during the 
aforementioned flow interuption period. Analysis of visual dye 
tracer and δD concentrations in dissected sections of the core 
recorded preferential flow paths to correlate with: (i) fractures 
networks; and (ii) paleo root-hole features.  

Results provide clear evidence that heterogeneities in clay-
bearing media lead to significant permeability enhancement 
and associated solute transport rates. Dual porosity models 
were developed to simulate the observed behaviour and test 
hypotheses regarding the exchange of solutes between 
transport domains.  
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In microbiology, elemental sulfur has generally been 

assumed to take the form of either insoluble S8 or soluble 
polysulfide (Sn

2-)/sulfide (S2-). In reality, however, sulfur can 
form a range of different allotropes and can come in the form 
of particles with very different sizes and characteristics, the 
speciation of which can control availability to microbes, 
enzymes, and abiotic reactants. In the studies described here 
cyclic voltammetry with solid-state mercury/gold amalgam 
electrodes has been used to characterize 1) the forms and 
relative amounts of zero-valent sulfur metabolized and 
produced by cultures of thiosulfate and elemental sulfur-
reducing hyperthermophiles, 2) sulfur particles utilized by 
sulfur-reducing enzymes from hyperthermophiles typically 
present in hot subsurface petroleum reservoirs, and 3) sulfur 
species present in hot, hydrocarbon-rich fluids from a 
subsurface reservoir. 
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The Multilinear Engine (ME-2) source apportionment 

toolkit (Source Finder, SoFi v4.6, http://www.psi.ch/acsm-
stations/me-2; Canonaco et al 2013) was applied to 1-year 
continuous OA measurements monitored by an ACSM 
(Aerodyne Research Inc., MA, USA) from september 2011 at 
the French SIRTA atmospheric supersite (Site Instrumental de 
Recherche par Télédétection Atmosphérique; 
http://sirta.ipsl.fr) within the EU-FP7 ACTRIS program 
(Aerosols, Clouds, and Trace gases Research InfraStructure 
Network; http://www.actris.net). This sampling site located 
20km southwest from Paris (~12 million inhabitants) and is 
representative of regional background particulate pollution.  

The “Sliding Window” PMF consisted in dividing the 
database into 1-month datasets with 15 common days between 
two consecutive periods and then applying a classic PMF 
analysis using SoFi. This approach provides a seasonal 
perspective of specific OA source properties (e.g. traffic, 
residential wood burning) by following their mass 
fragmentation profiles. 

Two factors were clearly identified during the long-term 
monitoring: a hydrocarbon-like OA (HOA) factor usually 
associated to Primary Organic Aerosol (POA) emissions and 
an Oxygenated OA (OOA) factor thought to be linked to 
Secondary Organic Aerosols (SOA). Additionnal factors were 
also clearly identified depending on the season: Biomass 
Burning OA (BBOA) observed during wintertime, as well as 
semi-volatile and low-volatile OA (SV-OOA and LV-OOA, 
respectively) during some specific sampling periods. The 
complete results will be presented and discussed here. 
 
[1] Canonaco et al (2013) AMT 6, 3649-3661 
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As part of the EU-FP7 ACTRIS program (Aerosols, 
Clouds, and Trace gases Research InfraStructure Network; 
http://www.actris.net), 14 of 19 ACSMs (Aerosol Chemical 
Scpeciation Monitor; Aerodyne Research Inc., MA, USA) 
have been deployed for long-term observations within 
background monitoring stations, among which the French 
SIRTA atmospheric supersite (Site Instrumental de Recherche 
par Télédétection Atmosphérique; http://sirta.ipsl.fr) located 
20km southwest of Paris.  

In order to have homogenous quality-controlled ACSM 
datasets at an European scale, an intercomparison study was 
conducted from 15 Nov. to 2 Dec. 2013 at the SIRTA station. 

The real-time mass concentrations and chemical 
composition (Organic, nitrate, sulfate, ammonium) of non-
refractory submicronic aerosols (NR-PM1) measured by the 
ACSMs were compared providing new insights on the 
precision of this instrument. Accuracy of these measurements 
was then evaluated with various co-located instruments 
(TEOM-FDMS, SMPS, OPC, OC-EC Sunset Field analyzer, 
PILS-IC, HR-ToF-AMS, aethalometers, nephelometers, filter 
sampling). 

Preliminary results of this significant intercomparison 
stduy are presented which compare ACSM measurement 
precision, accuracy and validity of source apportionment data.  
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The Marinoan snowball Earth glaciation ca. 635 Ma 
punctuates the tumultuous environmental transition from the 
Cryogenian to Ediacaran period, with some of the most 
unusual isotopic shifts found in the stratigraphic record [1]. 
Triple oxygen isotopes of sulfate deposited in the Marionoan 
aftermath suggest extremely high pCO2, supporting a snowball 
Earth scenario [2]. Here we explore environmental changes 
accompanying the Marinoan deglaciation, through 
measurements of multiple oxygen (δ18O, ∆17O) and multiple 
sulfur isotopes (δ34S, ∆33S) on barites collected from the top 
of the Ravensthroat cap carbonate in northwest Canada. Our 
oxygen isotope data documents the extreme 17O depletion that 
to date has been recorded in four other paleo-continents 
[2,3,4,5]. We record ∆17O values as low as -0.75‰ at the base 
of the barite layer, and values near -0.1‰ at the top. Likewise 
sulfur isotope compositions show large variations, with δ34S 
values ranging between +27 and +45 ‰ in barite, and between 
-6 and +33 ‰ from trace pyrite inclusions within the barite. 
The ∆33S values from both S pools (sulfate and sulfide) vary 
between -0.037 and +0.086 ‰. In a genetic framework, the S 
isotopic covariation occuring within the barite layer places 
firm constraints on the dynamic evolution of size and 
microbial influences on the post glacial marine sulfate 
reservoir. Furthermore this uniquely coupled data s et allows 
us to explore the relative influence of pCO2 and primary 
production on evolving ∆17O values in the immediate 
aftermath of the Marinoan glaciation.  

 
[1] Hoffman et al (1998), Science 281, 1342-1346 [2] Bao et 
al, (2008), Nature 453, 504-506 [3] Killingsworth et al (2013), 
PNAS [4] Bao et al (2011) Precambrain Research 216-219, 
152-161 [5] Bao et al (2009) Science 323, 119-122 
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Fe-oxyhydroxides play a vital role in Fe bioavailability and 

heavy metal adsorption in the environment. Amorphous phases 
are more bioavailabile and have a higher sorption capacity than 
crystalline phases, but the residence time of amorphous phases 
in the environment is not known. Natural ligands can influence 
the longevity of the amorphous phase by coordinating to 
evolving Fe-oxyhydroxide polymners. If ligands bind strongly 
to the amorphous Fe-oxyhydroxide phase, they can block 
polymerization reactions and slow the transformation to 
crystalline Fe-oxyhydroxide phases. This is expected for 
strongly complexing ligands, such as SO4

2-, SiO4
4- and HCO3

-. 
Ligands such as NO3

- and Cl- are not expected to complex 
strongly with amorphous Fe-oxyhydroxide phases. The growth 
and transformation of amorphous Fe-oxyhydroxide precipitates 
were monitored by IR and x-ray absorption spectroscopy at pH 
5.5 and 8.0 in the presence of the aforementioned ligands.  

The stability of amorphous Fe-oxyhydroxides formed in 
the presence of Cl-, NO3

-, SO4
2- varied significantly. Chloride 

had the strongest effect on the longevity of the amorphous 
phase, delaying goethite formation 2.2x longer than NO3

- and 
3x longer than SO4

2- at pH 5.5. At pH 8, SO4
2- had the 

strongest effect, delaying goethite formation 4.9x longer than 
NO3

- or Cl-. The rate of goethite formation at both pH 5.5 and 
pH 8.0 also varied with ligand. The addition of dissolved 
SiO4

4- did not influence the stability of the amorphous phases 
significantly unless it was added after the precipitates had 
formed. The use of HCO3

- as the base (instead of OH-) caused 
changes to the bulk structure of the Fe-oxyhydroxide 
precipitates at both pH 5.5 and pH 8.0. Over time, ligand 
concentrations in amorphous Fe-oxyhydroxides decreased, 
indicating that ligand expulsion is closely tied to the structural 
reorganization of the amorphous phase.  

These results indicate that the associated ligands play a 
significant role in the stability of amorphous precipitates, and 
their transformation to crystalline phases. This must be taken 
into account if the role of Fe-oxyhydroxide phases in 
biological metal acquisition and heavy metal storage in the 
environment is to be fully understood.  
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Fe-based photosynthesis, photoferrotrophy, likely 

supported global biological production in the iron-rich 
(ferruginous) oceans of the Precambrian Eon(1). 
Photoferrotrophy may thus have played a pivotal role in ocean 
ecology driving the coevolution of life and Earth surface 
chemistry over billions of years. Knowledge on 
photoferrotrophic physiology and genetics relevant to 
Precambrian ocean ecology remains poor because the few 
photoferrotrophic organisms studied to date were isolated from 
ephemeral high-light, sedimentary environments—unlikely 
habitats for their pelagic Precambrian ancestors. We isolated 
into axenic culture a lowlight adapted photoferrotrophic green 
sulfur bacterium (GSB) from the water column of Kabuno Bay 
(KB), a ferruginous sub-basin of Lake Kivu in East Africa. The 
KB isolate is 99% similar to Chlorobium ferrooxidans str. 
KoFox, based on small subunit ribosomal RNA gene sequence 
similarity. 

Unlike KoFox, which was enriched from sediments(2), the 
KB isolate grows without a co-culture partner, and is adapted 
to a pelagic habitat. 

To gain insight into the genetic potential that supports 
pelagic photoferrotropy and infer its evolutionary history we 
have sequenced the genome of the KB isolate. A 
preliminaryanalysis of assembled contigs reveals that the KB 
isolate posseses an assimilatory sulfate reduction pathway, and 
components of an ABC-type sulfate transport system.  

Assimilatory sulfate metabolims are absent from most 
GSB with the notable exception of Chl. Ferrooxidans str. 
KoFox and Chl. luteolum str. DSMZ 273(3). The KB strain, 
and possibly other photoferrotrophs, therefore appear adapted 
to growth under the low sulfur concentrations characteristic of 
ferruginous environments. 

 
[1]Canfield, et al Philos T R Soc B 361, 1819 (2006) [2] 
Heising, et al Arch Microbiol 172, 116 (Aug, 1999). [3] 
Frigaard and Bryant, In C. Dahl, C. G. Friedrich, Eds., 
Microbial Sulfur Metabolism (2008), pp. 60-76 
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The fundamental controls on reaction rates in metamorphic 
systems have long been the subject of discussion and debate. 
As early as the 19th century, Arrhenius showed that 
temperature plays a critical role in governing reaction kinetics. 
Nonetheless, it has long been observed that rates of contact 
metamorphism are orders of magnitude faster than those in 
regional metamorphic systems, even at similar temperatures. 
The presence of free fluid may contribute to the large 
discrepancy observed in natural systems, although recent work 
suggests that very little free fluid is needed to wet grain 
boundaries, and it is unclear what the kinetic advantage of 
excess fluid beyond that needed to wet intergranular surfaces 
may be.  

We have compiled field-based estimates of reaction rates 
from regional, contact, subduction and exhumation-related 
metamorphic settings. Investigation of these reaction rates 
reveals a strong correlation between heating rate (dT/dt) and 
net reaction rate. This relationship is used to formulate a new 
expression relating net reaction rate (Rnet), temperature (T) and 
heating rate (dT/dt):  

 

This expression provides a unifying theory of metamorphic 
reaction kinetics at the tectonic scale and accounts for the 4-7 
orders of magnitude range in metamorphic reaction rates 
observed in natural systems. Thus metamorphic reaction rates 
can be predicted in any tectonic setting provided the 
temperature-time history of the rock can be estimated.  

Very few direct observations of reaction rates in 
subduction zones have been made to date. Based on the above 
expression, we propose that the dynamic nature of subduction 
zones (high dT/dt) will result in large thermal overstepping, 
which drives faster reaction rates in these systems relative to 
typical regional metamorphic settings. Consequently, in a 
typical cold slab the dramatic increase in dT/dt at ~80-100 km 
slab depth due to slab-mantle coupling would accelerate 
dehydration reactions in a race to “catch up” to the equilibrium 
state of the slab, resulting in a pulse of fluid released at around 
this depth. Thus even continuous reactions could run to 
completion over a relatively short depth interval, explaining 
the pulse-like fluid release inferred from some arc magmas and 
exhumed subduction terranes. 

logRnet = 0.0029T + log 4E-11! dT
dt

1.25"
#$

%
&'
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Low mature shale samples selected from Ordos Basin are 

performed diagenetic physical simulation experiment. The 
simulated samples thereafter are obtained porosity by mercury 
intrusion and gas adsorption. Combing residual hydrocarbon 
measurement results, we come to delineate the coupling 
relationship of pore evolution and residual hydrocarbon. 
Following results are listed below: 

1) Mercury intrusion and CO2 and N2 gas adsorption can 
make characterization of shale pore available, which could be 
recognized as the key technique for quantitative description. 

2) Pores do have exist in shale and diagenetic physical 
simulation experiment show that specific pore volume of 
macropores increases firstly and decreases then, while 
mesopores and micropores decreases firstly and increases then, 
which provides theoretical supports for shale gas exploration in 
high-over mature stage. 

3) Pore evolution in shale is concerned with mineral 
transition and hydrocarbon generation. Macro pore distribution 
is directly proportional with the content of pyrite. Mesopore 
distribution is directly proportional with the content of clay 
mineral and micro pore is affected by TOC inversely. 

4) Residual hydrocarbon has three occurrences situations, 
such as oil film, hemisphere-sphere, and filamentous. Organic 
pore are mainly controlled by maturity, abundant organic pore 
developed in 380℃(Ro%=1.2%). 
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Stable isotopes of inorganic and organic carbon are 

commonly used to correlate marine and terrestrial sedimentary 
sequences based on the assumption that the global signal 
dominates other sources of variability. However, relatively few 
studies have tested the fidelity of this approach. Here, δ13CTOC 
values in four terrestrial Permian–Triassic boundary (PTB) 
sections of Western Guizhou and Eastern Yunnan provinces in 
South China are compared to the δ13Ccarbonate curve of the GSSP 
Meishan section to evaluate the use of δ13CTOC as a reliable 
chronostratigraphic tool.  

Detailed sedimentological, paleobotanical and 
palynological analyses on the four terrestrial PTB sections 
indicate that the sediments were deposited in a transitional 
setting dominated by alternating mudstone and sandstone units 
with paleosols and “coal seams”. The depositional 
environment transitioned from fluvial-lacustrine to coastal 
marine across the Xuanwei and Kayitou Formations. The 
δ13CTOC values for the studied terrestrial sections show a 
prominent carbon-isotope excursion that corresponds with the 
occurrence of fungal spores, characteristic of the extinction 
event, at the top of the Xuanwei Formation. Similar trends are 
observed in all four studied sections, however, the absolute 
magnitude of δ13CTOC values and the excursions vary from one 
section to another. For instance, δ13CTOC values change from -
24‰ to -28‰ in the more proximal location at Chahe, and 
decrease from -26‰ to -29‰ in the more distal section at 
Mide. This indicates that depositional environment plays a role 
in determining the δ13CTOC values, but the overall changes in 
the δ13CTOC throughout the Permian-Triassic transition capture 
the atmospheric signature. Overall, the magnitude of the 
carbon isotope excursion recorded in these terrestrial 
sequences is about 3‰, similar to that reported in marine 
sequences. Thus, δ13CTOC is a potentially reliable tool for 
paleoclimatic interpretations and stratigraphic correlations 
between marine and terrestrial sequences.  
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The trigger for the greatest biodiversity loss event in the 

Earth history, known as the end-Permian extinction event, is 
the subject of continuing debate. Recent analyses of calcium 
isotopes of marine sediments and the pattern of extinction 
selectivity suggest ocean acidification caused by a large 
quantity of volcanic CO2 is a possible kill mechanism for the 
event. However, the potential of ocean acidification is poorly 
known due to the lack of knowledge of the amount and rate of 
carbon injection from the presumed source. Here we present a 
sensitivity analysis of the spatial distributions and extent of 
ocean acidification using an earth system model of 
intermediate complexity (EMIC) inverted from the carbon 
isotope record of the event and assuming a range of potential 
sources with distinct carbon isotope compositions. We find 
that the Siberian volcanism seems to have released CO2 in two 
major, multimillennial pulses at a rate that is dependent upon 
the δ13C of the source and the initial saturation state. Ocean 
acidification is most severe for a plume-related CO2 release, 
and polar regions develop undersaturated conditions at the 
lowest level of perturbation. We find that the initial buffering 
capacity of the ocean is quickly overwhelmed for many of the 
plausible scenarios for C release. However, for smaller releases 
(i.e. <30,000 Gt C over many thousands of years), the 
buffering capacity of the ocean is capable of mitigating against 
severe ocean acidification in response to CO2 release.  
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Cadmium (Cd) is a micronutrient(1) and a tracer of 

biological productivity and circulation in the ocean (2). The 
correlation between dissolved Cd and the major algal nutrients 
in seawater has led to the use of Cd preserved in microfossils 
to constrain past ocean nutrient distributions. However, linking 
Cd to marine biological processes requires constraints on 
marine sources and sinks of Cd. Here, we show a decoupling 
between Cd and major nutrients within oxygen minimum 
zones (OMZs) in both the Northeast Pacific and North Atlantic 
Oceans, which we attribute to Cd sulfide (CdS) precipitation in 
euxinic microenvironments around sinking biological particles. 
We find that dissolved Cd correlates well with dissolved 
phosphate in oxygenated waters, but is depleted compared to 
phosphate in OMZs. Globally, we calculate that CdS 
precipitation in ODZs is an important previously-
undocumented marine sink of Cd. Our results suggest that 
water column oxygen depletion has a substantial impact on Cd 
biogeochemical cycling, impacting the global relationship 
between Cd and major nutrients and suggesting that Cd may be 
a new tracer for ocean oxygen deficiency on geological 
timescales. Similar depletions of copper and zinc in the 
Northeast Pacific indicate that sulfide precipitation in ODZs 
may also have an influence on the global distribution of other 
trace metals. 
 
[1] Xu Y & Morel FMM (2013) Cadmium in Marine 
Phytoplankton. Cadmium: From Toxicity to Essentiality, Metal 
Ions in Life Sciences, eds Sigel A, Sigel H, & Sigel RKO 
(Springer Netherlands), Vol 11, pp 509-528 [2] Boyle EA 
(1988) Cadmium: chemical tracer of deepwater 
paleoceanography. Paleoceanog. 3 (4):471-489 
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A comparison was made between various stable isotope 

ratio measurement techniques for the purpose of quantifying 
each methods capability for use in hydrocarbon analyses 
applicable to fields such as agriculture, geochemistry, forensics 
and authenticity testing. Measurement techniques include 1. 
Cavity Ring-down spectrometry (CRDS) using a Picarro 2120-
A with interfaced combustion system to facilitate complete 
conversion of hydrocarbons to carbon dioxide and water. 2. 
Isotope Ratio Mass Spectrometry (IRMS) using a Thermo 
Delta V plus IRMS using off line combustion to carbon 
dioxide and water with further reduction to hydrogen and dual-
inlet measurement 3. Isotope Ratio Mass Spectrometry (IRMS) 
using a Thermo Delta V plus IRMS interfaced to an Agilent 
6890 gas chromatograph for continuous flow separation of 
component hydrocarbons with combustion to carbon dioxide 
or reduction to hydrogen using high temperature combustion or 
pyrolysis respectively. The later two techniques have proven 
track records for measurement accuracy and precision but 
require independent analyses of carbon and hydrogen since one 
needs to oxidize carbon but reduce water to hydrogen prior to 
measurement. Cavity ring-down spectrometry can however 
measure the water molecule directly, removing the need for 
reduction to hydrogen. Using two separate lasers for 
independent monitoring of carbon dioxide and water 
frequencies, the isotopic ratios of carbon and hydrogen can be 
obtained simultaneously. Although the CRDS suffered from 
memory effects following combustion and transfer of gases 
early on, new technology has reduced this to acceptable levels 
for accurate determinations of carbon and hydrogen isotope 
ratios. Various hydrocarbon materials were used over an 
extended period of time to determine the best combination of 
sample size, replicate analyses and combustion column 
composition and life. The data presented here indicates 
isotopic ratios of both solid and the more volatile liquid 
samples compare well with both off-line dual inlet and 
GC/IRMS methods of analysis.  

 
Keywords: Stable isotope analysis, Isotope Ratio Mass 
Spectrometry, Cavity Ring-down Spectrometry, GC/IRMS. 
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The fate of uranium (U) is strongly influenced by its 
oxidation state, i.e. U(IV, VI), where U(VI) has greater 
solubility and therefore mobility in groundwater. Reduction of 
the uranyl ion to U(IV) by bacteria or natural organic matter 
(NOM) can immobilise uranium into soils and sediments. The 
relationship between U and NOM is not well understood, 
particularly how NOM (or microbial activity) may influence U 
speciation in U deposits.  

Sediment cores from the Mulga Rock U deposit in Western 
Australia were studied with respect to U distribution, 
mineralogy, crystallinity, speciation and redox state via 
transmission electron microscopy (TEM) and synchrotron X-
ray fluorescence microscopy and x-ray absorption near edge 
structure (XFM-XANES). Uranium is present within finely 
dispersed phases in the NOM matrix, and as precipitates along 
pyrite grain boundaries. SEM imaging revealed U concentrated 
into ellipsoids and rods within the NOM–clay matrix which 
may represent biomineralized microbial cells. TEM and XFM-
XANES analyses of focused ion beam (FIB)-prepared cross 
sections revealed U present only as U(IV) in ~10 nm particles. 
Results indicate that the NOM acted as a sink for mobile 
uranium U(VI) ions. Under reducing conditions, redox changes 
and/or microbial processes resulted in precipitation of U(IV) in 
the matrix and around both detrital and authigenic mineral 
boundaries. 
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The Bambuí Group covers extensive areas of the São 

Francisco Craton and of the eastern edge of the Brasília Belt in 
Brazil. It is part of the São Francisco Basin, where natural gas 
exsudation are known and may have as source rocks the shales 
of the Sete Lagoas Formation, at the base of the group. The age 
of the Bambuí Group, however, remains controversial in the 
literature due to the difficulties of direct dating the sedimentary 
rocks in the sequence. 

The results of Sr analysis showed 87Sr/86Sr ratios rising 
from bottom to top of the group which agrees with the 
expected behavior for the Ediacaran period, suggesting that 
Bambuí deposition occurred between 630 and 575 Ma. 
However, the U-Pb provenance data revealed the presence of 
younger zircons, with ages around 550 Ma.  

For the Una Group, the Sr ratios are show a different 
pattern, showing an inverse trend, with higher values on at the 
base and decreasing to the top of the sequence. The detrital 
zircon ages range between 3722 ± 42 Ma and 1477 ± 13 Ma 
for this group, and no neoproterozoic zircons are found. 

The Una Group would be a intracratonic basin, which 
diachronic evolution, demonstrated for the difference between 
the source areas, and the sediments are product of craton 
erosion, and not of adjacent folds like the Bambuí Group. 
Thus, the restriction on the mixing sea water between the 
carbonatic platforms and the intracratonic basin, would favor 
the difference of the isotopic ratios of Sr. 
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Accumulations of radioelements occurred in the area near 

former uranium mines, due to preferential direction of stream 
water that collects run-off and water from the mine (Vera 
Tomé et al, 2002). Some riverbed sediments show enhanced 
radioactivity due to wastewater discharges from mining and 
milling works (Barth et al, 1998, Carvalho et al, 2007). 
Environmental contamination is larger in areas where the 
radioactive ore was chemically extracted (Carvalho et al 
2007). The aim of this study is to investigate the distribution of 
radioelements from U-Th decay chains in the environment of 
French uranium former mines. In this work, we investigate two 
different former French uranium mines: Bertholène and St 
Alban sur Limagnole. At Bertholène, ore was treated with in 
situ heap leaching in order to pre-concentrate uranium. In St 
Alban mine, the ore was extracted but not treated. A study was 
carried out in the environment near the both sites up and 
downstream of the mine area. We combine a radionuclide map 
using a mobile gamma-spectrometer associated with discrete 
soil sampling in order to determine the radionuclide activities 
and disequilibrium along soil profiles. XRD, SEM-EDS and 
BCR Sequential Extraction were performed to determine 
radionuclide repartition and forms. Activities of radionuclides 
from the head chain of 238U can be as high as 21000 Bq Kg-1 in 
riverbank soils contaminated by annual winter floods. Based 
on the sequential extraction, we show that uranium is mainly 
associated with Fe and Mg oxydes. 

 
[1] Barth et al (1998) Wat.Sci.Tech. 37, 6-7, 257-262 [2] Vera 
Tomé et al (2002), J. Environ. Radioact, 59, 41-60 [3] 
Carvalho et al (2007), J. Environ. Radioact, 96, 39-46 
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Heavy metals pollution is particularly problematic due to the 
persistence and toxicity of these contaminants (Adriano, 2001). 
Soil behaves as a sink for heavy metals emitted by anthropic 
activities. Uranium mining produces tailings, contaminated 
waste rocks and heap-leach residues accumulated in the mine 
site. The sulphides present in the ore can be oxidised, causing 
acidification of water and release of metals. Different elements 
can be emitted in the mine environment like As, Cu, Pb 
(Lottermoser et al 2005).The aim of this study is to investigate 
the distribution of trace metals emitted in the environment 
around French uranium former mines. In this work, two 
different former French uranium mines are considered: 
Bertholène and St Alban sur Limagnole. At Bertholène, ore 
was treated with in situ heap leaching in order to pre-
concentrate uranium. In St Alban mine, the ore was extracted 
but not treated. A study was carried out in the environment 
near the both sites up and downstream of the mine area. A 
sampling of soils, sediments and water have been realised in 
order to determine the trace metals concentration and 
repartition around the mine. Two wetlands localised upstream 
of the Bertholène mine have been sample too, to evaluate the 
trace metal distribution along the peat profile and the range of 
the impact of the mine activity. XRD, SEM-EDS and BCR 
Sequential Extraction were performed to determine trace 
metals repartition and forms. No contamination in trace metals 
is clearly visible around the mines with an Enrichment Factor 
lower than 2. Based on the sequential extraction, we show that 
As and V are mainly associated with residual phases while Pb 
is associated with Fe-Mn oxydes and residual phases in the 
contaminated and uncontaminated soils. 
 
[1] Adriano (2001) Springer Verlag New York [2] Lottermoser 
et al (2005), Environ. Geol., 48, 748-761 
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Emissions of biological volatile organic compounds 

(BVOC) have changed in the past millennium due to changes 
in land use, temperature and CO2 concentrations. A recent 
model reconstruction of BVOC emissions over the past 
millennium predicted the changes in the three dominant 
secondary organic aerosol (SOA) producing BVOC classes 
(isoprene, monoterpenes and sesquiterpenes). The 
reconstruction predicted that in global averages isoprene 
emissions have decreased (land-use changes to crop/grazing 
land dominate the reduction), while monoterpene and 
sesquiterpene emissions have increased (temperature increases 
dominate the increases); however, all three show both 
increases and decreases in certain regions due to competition 
between the various influencing factors. These BVOC changes 
have largely been anthropogenic in nature, and land-use 
change was shown to have the most dramatic effect by 
decreasing isoprene emissions.  

We use these modeled estimates of these three dominant 
BVOC classes' emissions from the years 1000 to 2000 to test 
the effect of anthropogenic changes to BVOC emissions on 
SOA formation and global aerosol size distributions using the 
GEOS-Chem-TOMAS global aerosol microphysics model. 
With anthropogenic emissions (e.g. SO2, NOx, primary 
aerosols) held at present day values and BVOC emissions 
changed from year 1000 to year 2000 values, decreases in the 
number concentration of particles of size Dp > 80 nm (N80) of 
>25% in year 2000 relative to year 1000 were predicted in 
regions with extensive land-use changes since year 1000. This 
change in N80 was predominately driven by a shift towards 
crop/grazing land that produces less BVOC than the natural 
vegetation. Similar sensitivities to year 1000 vs. year 2000 
BVOC emissions exist when anthropogenic emissions are 
turned off. This large decrease in N80 could be a largely 
overlooked and important anthropogenic aerosol effect on 
regional climates. 
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While many global models contain only biogenic sources 

of secondary organic aerosol (SOA), recent studies have 
shown that an additional source of SOA around 100 Tg yr−1 
may be required to match measurements. Many models also 
treat SOA solely as semivolatile, which leads to condensation 
of SOA proportional to the aerosol mass distribution (MD); 
however, recent closure studies with field measurements show 
nucleation mode growth can be captured only if it is assumed 
that a significant fraction of SOA condenses proportional to 
the aerosol surface area (SA). This suggests a very low 
volatility of the condensing vapors. We explore the 
significance of these findings using the GEOS-Chem-TOMAS 
global aerosol microphysics model and global observations of 
aerosol size distributions. The change in the number 
concentration of particles of size Dp > 40 nm (N40) within the 
boundary layer (BL) assuming SA condensation compared to 
MD net condensation yielded a global increase of 11% but 
exceeded 100% in biogenically active regions. The percent 
change in N40 within the BL with the inclusion of the 
additional 100 Tg(SOA) yr−1 compared to the base simulation 
solely with biogenic SOA emissions both using SA 
condensation yielded a global increase of 14%, but exceeded 
50% in regions with large anthropogenic emissions. 
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Alkenone paleothermometry (via the and indices) has long 
been used to reconstruct sea surface temperature and has more 
recently been proven effective in lacustrine settings. Genetic 
analyses indicate that there is a diversity of different alkenone-
producing lacustrine haptophytes, and differences among 
-temperature calibrations suggest that unique calibrations 
might be required to quantify past temperature variation from 
individual lakes. The only term needed to quantify -
inferred temperature relative to a reference period (e.g., 
modern temperature, or 20th Century mean temperature) is the 
slope of the calibration regression, -temperature 
sensitivity (i.e., the change in per °C temperature change). 
Here, we bring together all of the existing marine and 
lacustrine -temperature calibrations in order to compare 
the variability among -temperature sensitivities. We 
present evidence that -temperature sensitivity is controlled 
by phylogeny and that even in the absence of a site-specific 
calibration, this term can be used to quantify past temperature 
variation from lake sediments if the genetic identity of the 
lake’s alkenone-producer is known. Using the existing 
calibration data sets, we determine four phylotype-specific 

-temperature sensitivities for use in cases where a site-
specific calibration is unavailable. We also introduce a model 
that unifies all of the existing calibration data, provides new 
insight into the effect of temperature on alkenone unsaturation, 
and allows valuable quality control on down-core -based 
temperature estimates.  
 

 
 

! 

U37
K

! 

U37
K

! 

U37
K

! 

U37
K

! 

U37
K

! 

U37
K

! 

U37
K

! 

U37
K



 Goldschmidt2014 Abstracts  

 

487 

487 

Chromium isotope fractionation 
during oxidative weathering of a 

modern basaltic weathering profile. 
JOAN D’ARCY1*, LASSE DØSSING1 AND ROBERT FREI1 

1Department of Geosciences and Natural Resource 
Management, University of Copenhagen, Øster Voldgade 
10, Copenahagen 1350, Denmark  
(*correspondence : joan.darcy@geo.ku.dk).  

 
Chromium has been used as a tracer of redox sensitive 

environmental processes. In soils Cr (III) is inert, immobile 
and resides predominantly in minerals, clays and oxides. Cr 
(VI) is toxic, soluble and mobile and is usually lost from the 
soil to runoff. Recent studies on δ53Cr isotopes in laterites 
show that oxidative weathering of Cr-bearing rocks is 
accompanied by an isotopic fractionation, where by the lighter 
isotopes are retained in the residual soil and the heavier isotope 
is enriched in runoff [1].  

This study aims to quantify the stable Cr isotope 
composition of two modern basaltic weathering profiles, to 
help better understand the processes that oxidize Cr (III) to 
toxic Cr (VI). We sampled two contrasting basaltic weathering 
profiles and local river waters; 1) Northern Ireland, formed in a 
peat area, and 2) Uruguay, formed in a grassland area.  

Preliminary results show that the oxidation of Cr (III) in 
soils can be broken down into two important stages;  

(i) The breaking down of Cr-bearing minerals in the basalt, 
which make Cr (III) accessible to oxidizing processes.  

(ii) The continuing oxidation of Cr(III) to Cr(VI) 
oxyanions, CrO4

2-, HCrO4
- and Cr2O7

2-. This process 
predominates in the soil horizon and is accompanied by an 
isotopic fractionation. Over time Cr (VI) is lost from the 
system to local run off. In the Uruguay samples, the runoff is 
isotopically heavy, (+0.11+0.02‰) while the soils are 
isotopically lighter (-0.41+0.03‰) with respect to local basalt 
δ53Cr values (-0.21+0.02‰).  

The Northern Ireland samples show geochemical evidence 
of oxidative weathering but no significant δ53Cr isotope 
fractionation is recorded in the soils. The δ53Cr values of the 
soils are within a 95% confidence interval of the local bedrock 
δ53Cr values, -0.11+0.01 ‰ to -0.26+0.04 ‰. Here Cr (III) is 
conversed in the weathering profile due to the low pH ~4.5 of 
the peat soils and the presence of reducers, Fe2+ [2,3] and 
organic matter which impede Cr(III) oxidation.  

This data shows that the δ53Cr value can be used as a 
measure of Cr(III) oxidation in a soil, and can give a good 
indiction of the extent to which toxic Cr (VI) is lost from the 
soil to local run off. 
 
[1] Crowe et al (2013) EPSL in press [2] Ellis et al (2002) 
Science 295 2060-2062 [3] Døssing et al (2011) Chem Geol. 
285 157-166 
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Alkaline lavas in NW Ahar have been analysed for major 
and trace elements and Sr and Nd isotope composition. These 
rocks are enriched in the large ion lithophile elements (LILE, 
e.g., Rb, Ba, Sr) and light rare earth elements (LREE), depleted 
in the high field strength elements (HFSE, e.g., Nb, Ti, P), and 
possess uniform initial 87Sr/86Sr (0.704463–0.704921) but 
relatively wide ranges of Nd [εNd (T)=0.4-2.8], implying a 
magma origin from enriched mantle sources. CaO/Al2O3, 
La/Sm ratios and Ba and Zr versus Th suggest that fractional 
crystallization was a major process during the evolution of 
magmas. Rb/Zr, Th/Yb and Ta/Yb ratios as well as AFC 
modeling, isotopic data and microscopic evidence indicates 
that crustal contamination accompanied by the fractional 
crystallization played an important role in petrogenesis of the 
trachyandesites. Alkali basalts with high 143Nd/144Nd ratio, low 
87Sr/86Sr ratio and high MgO, Ni and Cr contents indicate that 
they crystallized from relatively primitive magmas. REE 
modelling and Trace element ratios indicate that the alkali 
baslats were derived by small degrees (1-3%) of partial 
melting from the spinel lherzolite. According to 
geothermobarometry measurements, crystallization 
temperature and pressure for the alkali basalts estimated 1170˚ 
C to 1270˚ C and 8kbar respectively. 
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The Domain Caninde, located in Sergipe Fold Belt, in the 

southern portion of the Borborema Province, is a collisional 
orogenic belt of the Precambrian collision between the 
Pernambuco – Alagoas Block and Craton of São Francisco, 
referred as the Brasiliana Pan – African orogemeis. 

The lithostratigraphic units that show a bimodal 
magmatism occurring are: Gentileza Unit, and Curralinho type 
granitoid. 

The Gentileza Unit consists of amphibolitic rocks, 
composed of hornblende, plagioclase, quartz, biotite and 
titanomagnetite as essential minerals, and presents 
geochemical affinity whith tholeíticos basalts. 

 The granitogenesis Curralinho has it`s mineralogy 
composed of quartz, plagioclase, K-feldspar, hornblende and 
biotite, with rapakivi texture, mirmequitization, poiquilític 
texture, ocellar texture, and chemical composition 
demonstrates the predominant presence of granites to 
granodiorites with high levels of K. 

Both units occur often separated, but there are portions that 
occur interdigitated, with excellent features of magma 
mingling, sometimes as compounds dikes intruded into the 
other units of the Caninde Domain, or even hybrid rocks, 
forming a quartz - diorite porphyry rich in Fe. Major and trace 
elements plotted against silica demonstrate the model of 
magma migling, where rocks of hybrid composition are in na 
intermediate position between mafic and felsic. According to 
the data obtained in this field and geochemical work is possible 
to identify the comagmatismo between volcanism Gentileza 
and Curralinho. 
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Earth has passed through a series of oxygenation events 

through history with lower atmospheric pO2 levels in the 
Neoproterozoic. A key line of evidence for anoxia and 
ferruginous ocean conditions at this time comes from Fe 
speciation proxies that show Fe was transported in locally 
anoxic waters before deposition into the sediments [1]. 
However, a recent study from the Peru upwelling zone shows 
that Fe is also cycled in modern-day oxygen minimum zone 
settings (OMZ) [2]. This leads to the question how the marine 
Fe cycle in the Neoproterozoic was different from today. 

We studied the iron isotope composition in a range of 
Neoproterozoic sediments deposited under oxic and 
ferruginous conditions, because the dissolved Fe2+ transport 
and precipitation mechanism should leave a characteristic 
isotope signal in the sedimentary record. For example, in a 
modern OMZ Fe is reductively mobilized from the anoxic 
sediments and is laterally transported in the anoxic bottom 
waters before oxidative re-precipitation down stream the OMZ. 
This phenomenon produces higher δ56FeT (total iron) signal in 
the more Fe/Al enriched samples.  

In contrast, our Neoproterozoic samples display little or no 
δ56FeT variability, yet the samples fall on a (steep) negative 
trend on a Fe/Al vs. δ56Fe array, distinct from modern OMZ 
settings and more similar to sediments from the modern Black 
Sea. Because, our samples come from nine different 
formations worldwide, we disregard the possibility that the 
samples were all deposited in restricted marine settings similar 
to the Black Sea. We suggest the muted isotope fractionations 
in the ferruginous Neoproterozoic sediments resulted from Fe 
transport and deposition under fully anoxic conditions either as 
a result of wholesale Fe removal between source and 
sediments and/or via a carbonate-Fe removal pathway that 
induces little or no isotope fractionation. In all cases, we 
conclude that the Fe isotopic signature together with 
enrichments of reactive iron constitute additional evidence for 
anoxic deep oceans at this time. 
 
[1] Canfield et al (2008) Science, 321 949-952, [2] Scholz et al 
(2013) GCA, 127 368-380. 
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Source heterogeneity and magma mixing have been widely 

recognized by field observations, whole-rock and mineral 
geochemical studies of mafic igneous rocks. While the source 
heterogeneity is realized by the source mixing between 
different components in the source, the magma mixing is the 
mixing between two or more magma batches to form a hybrid 
magma. The both source and magma mixing processes can 
result in the heterogeneous compositions of whole-rock and 
mineral elements and isotopes. Thus, it is crucial to identify the 
nature of source and magma processes when deciphering the 
petrogenesis of igneous rocks. 

Early Cretaceous postcollisional mafic rocks in the Dabie 
orogen exhibit petrological and geochemical heterogeneities, 
recording not only the source mixing during continental 
subduction but also the magma mixing during postcollisional 
magmatism. These mafic rocks exhibit arc-like trace element 
distribution patterns and enriched Sr-Nd-Pb isotope 
compositions, indicating their derivation from fertile and 
enriched mantle sources. They have variable whole-rock εNd(t) 
values of -17.6 to -5.2 and zircon εHf(t) values of -29.0 to -7.7, 
suggesting their source heterogeneity. Clinopyroxene 
phenocrysts exhibit complex textural and compositional 
variations, recording three stages of magma evolution. Cpx-1 
core has low Cr and Ni, but high Ba, Rb and K contents, 
indicating its crystallization from a mafic melt derived from 
mantle peridotite containing phlogopite. Cpx-1 mantle and 
Cpx-2 exhibit significantly high Cr, Ni and Al2O3 but low Rb 
and Ba contents, suggesting a pyroxenite source. The mixed 
and evolved mafic melts are produced to crystallize Cpx-1 rim, 
Amp-2 and matrix minerals. Taken together, the heterogeneous 
mantle source would be generated by the source mixing due to 
the reaction of the subcontinental lithospheric mantle (SCLM) 
peridotite with felsic melts derived from different rocks of the 
subducted continental crust. The magma mixing would occur 
between mafic melts derived from the heterogeneous 
metasomatic mantle domains of different ultramafic lithologies 
in the postcollisional stage.  
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The Neoproterozoic Era (1000-542 Ma) was a time of 

turbulent environmental change, including large fluctuations in 
the carbon cycle, severe ‘snowball Earth’ glaciations, and 
major changes in ocean redox state – including sporadic, 
eventual oxygenation of much of the deep oceans. Amidst this 
environmental change, increasingly complex eukaryote life 
forms evolved, including the first animals. 

The traditional view is that a rise in atmospheric oxygen 
increased ocean oxygen levels and enabled the evolution of 
animals [1] We suggest alternatively that the evolution of 
increasingly complex eukaryotes could have oxygenated the 
ocean, without requiring an increase in atmospheric oxygen 
[2,3]  

We propose that a sequence of eukaryotic evolutionary 
innovations, combined with feedback from redox-sensitive 
phosphorus burial and regeneration on shelves, may 
progressively oxygenate the water column without requiring an 
increase in atmospheric oxygen [2]. First, the advent of larger 
eukaryotic algal cells results in faster sinking rates, moving 
biological oxygen demand lower in the water-column and 
reducing the prevalence of euxinic conditions on shelves. A 
feedback via increased phosphorus removal under more 
oxidising conditions reduces nutrient levels, and hence 
productivity, further increasing oxygen availability. The 
evolution of benthic, filter-feeding sponges accelerates these 
processes via a combination of active carbon removal on the 
shelf floor, and a predation-driven shift to larger plankton size. 
The advent of benthic cnidarians and ctenophores enhances 
shelf-floor carbon removal, and planktonic forms increase the 
efficiency of the biological pump, leading to oxygenation of 
the deep ocean. Finally, the onset of swimming animals with 
guts further accelerates the sinking flux and reinforces the 
oxygenation of the deep ocean [4]. 

Here we explore these scenarios quantitatively using a 
model framework that links the biogeochemical cycles of 
phosphorus, carbon and oxygen, and represents ecosystem 
structure and the redox-sensitivity of phosphorus burial. 
 
[1] Canfield et al (2007) Science 315, 92-95 [2] Lenton et al 
(2014) Nat. Geosci in press [3] Butterfield (2011) Trends. 
Ecol. Evol. 26, 81-87 [4] Logan (1995) Nature 376, 53-56 
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Detrital zircon studies from Proterozoic rocks in Arizona 
and New Mexico reveal a regional distribution of ca. 1.50–1.60 
Ga detrital zircon that are uncommon elsewhere in the western 
US, except for the Belt Supergroup. Source rocks for these 
grains are not common in North America and they may 
represent sediments derived from Australia/Antarctica, 
suggesting an early Mesoproterozoic connection with 
Laurentia.  

The recognition of detrital zircon and metarhyolites clasts 
as young as ca. 1.45 Ga in key lithostratigraphic sequences 
from New Mexico and detrital zircon as young as ca. 1.48 Ga 
in Arizona shows that deformation attributed to the ca. 1.65 Ga 
“Mazatzal Orogeny” is no longer a viable model to explain 
regional metamorphism and deformation in many areas across 
the southwestern United States. In northern New Mexico, U-Pb 
detrital zircon geochronology and zircon crystallization ages 
from metatuff layers show that deposition began prior to 1.52 
Ga and continued until ca. 1.45 Ga. Metarhyolite clasts from 
the syn-orogenic Marqueñas metaconglomerate yield 
crystallization ages of ca. 1.45 Ga. Thrust burial, regional 
metamorphism and deformation appears to overlap 
depositional ages and began as early as 1.46 Ga and continued 
until ca. 1.40 Ga, in New Mexico. In Arizona, ca. 1.60-1.48 Ga 
detrital zircon are included in the Mesoproterozoic Yankee Joe 
and Blackjack Formations that rest disconformably on 
Paleoproterozoic White Ledges Formation. An argillaceous 
unit from Four Peaks, Arizona has detrital zircon ages of ca. 
1.57 Ga. The metasedimentary succession at Four Peaks is 
folded into a doubly, inward plunging, northwest vergent, 
synform previously interpreted to be deformed by the 1.65 Ga 
Mazatzal Orogeny. We propose that the Mesoproterozoic 
Picuris Orogeny recorded in northern New Mexico also 
extends along strike to Arizona.  
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The dehydration of hydrous minerals is the source of 

aqueous fluids at intermediate-depth in subduction zones. 
Depending on the pressure and temperature conditions, the 
fluid released by the dehydration of hydrous minerals may 
consist in a free fluid phase if dehydration reactions are much 
faster than the hydration of the surrounding mantle. In the 
latter situation, the release of a free fluid phase may trigger 
intermediate-depth seismicity. For instance, the location of the 
‘upper-plane seismic belt’ within the subducting oceanic crust 
has been observed at conditions that fit the dehydration of 
lawsonite. The understanding of the consequences of lawsonite 
and blueschist dehydration requires that their kinetics and 
mechanism are well characterized. 

We have measured the kinetics of dehydration of lawsonite 
and of a lawsonite-rich blueschist in situ at high pressure and 
high temperature by time resolved synchrotron X-ray 
diffraction in a closed system, in a Paris-Edinburgh cell. 
Lawsonite was from single crystals of the Longvale Quarry 
(Laytonville, Mendocino, CA). The blue schist matrix was 
artificially enriched in lawsonite, which would have been 
betlow detection limits otherwise. Measurements were 
performed between 2 and 5 GPa and dehydration was observed 
between 600 and 700°C, i.e. at temperatures slightly lower 
than those currently reported for the stability of lawsonite.  

From the analysis of reaction progress data, we determined 
that the release of aqueous fluid occurs very rapidly, at 
minimum rates of 10-6 to 10-4 m3

fluid.m3
rock.s-1. This exceeds by 

orders of magnitude the typical time scale sofar envisioned for 
such metamorphic reactions. Due to the release of a free fluid 
phase, the reaction products and zoïsite in particular display a 
grain size much larger than the initial one. Such a change in 
grain size during the dehydration of lawsonite also has 
consequences, which will also be discussed. 
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Titanium dioxide (TiO2) is one of the most used metal 

oxide nanoparticles due to its special properties. Nanomaterials 
are used in a wide variety of applications and their use has 
increased over the recent years, which leads to an increased 
amount of synthetic nanoparticles released into the 
environment. However, the fate and behavior of synthetic 
nanoparticles in the environment are not well-known. 
Nanoparticles generally have higher reactivity than larger 
particles of the same material, and this might influence the 
surface charging and aggregation behavior. Further, 
nanoparticles can interact with natural organic matter (NOM), 
such as humic and fulvic acids. Adsorption of NOM affects the 
surface speciation and net charge of the nanoparticles and is 
therefore of great importance for their colloidal stability.  

The objective of the present study was to investigate the 
aggregation behavior of synthetic TiO2 nanoparticles in 
aqueous solution as a function of time in the presence of 
organic molecules. Synthesized and well-characterized TiO2 
(anatase) nanoparticles were used as test nanoparticles and 
selected phenolic carboxylic compounds were used as model 
substances to mimic the interactions of nanoparticles with 
NOM. In addition, a standardized fulvic acid was used in order 
to further mimic natural conditions. The aggregation and 
surface charging of the particles were studied by 
simultaneously monitoring the changes in particle size and zeta 
potential during the reactions using time-resolved DLS. Also, a 
time study was performed in order to observe potential 
changes in surface charge and size over a time period of 
several months. Result show that both the type and the position 
of functional groups on the organic molecules affect the 
aggregation behaviour of the particles. Since the environment 
is very dynamic, a study over a long period of time period is of 
great importance for understanding the fate and potential risk 
of nanoparticles in the natural environment. 
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The interaction of bentonite clay colloids with mineral 

surfaces in the presence of radionuclides may be important 
pertaining to the long term safety concerns of a nuclear waste 
repository. Probing aluminol and silanol groups at clay edge 
sites determining the reactivity and metal interaction are a 
special focus of research. Colloidal probes modified with 
Al2O3 and SiO2 particles at the end of the AFM cantilever are 
used to mimic clay edge sites and estimate forces against 
mineral surfaces under varying pH and trace metal 
concentration, here Eu(III). With increasing pH (>6), as 
expected, a decrease in interaction forces between Al2O3 and 
SiO2 particles with mineral surfaces (plagioclase, K-feldspar, 
quartz, biotite) was observed. Though Al2O3 and SiO2 particles 
have similar adhesion forces towards mineral surfaces, at 
pH<6, SiO2-K-feldspar and Al2O3-biotite are found to be 
higher compared to other colloid-mineral interactions. At pH 5, 
except for quartz, an increase in the [Eu(III)] from 0 to 10-5 M 
resulted in increase of adhesion forces between SiO2 and 
mineral surfaces. In case of Al2O3, an increase in Eu(III) 
showed no significant change in interaction forces. At Eu(III) 
=10-5 M, the order of Fadh(SiO2)/F Fadh(Al2O3) for minerals is 
biotite(11.3 times)>plagioclase(4.55 times)>K-feldspar(3.03 
times)>quartz(0.22 times). Interestingly, a change in the 
magnitude of adhesion forces (1.2 to 2 time) for four different 
alumina colloidal probes of similar size (8 µm) vs. a smooth 
biotite (Rq<1.2 nm) was observed, which is attributed to the 
rough features (of ~10 nm range) along colloidal particle 
verified by SEM and AFM, which demonstrates the influence 
of roughness on particle adhesion forces. 
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Horizontal drilling and hydraulic fracturing have enhanced 
energy production but raised concerns over drinking-water 
contamination and other potential health risks. Specifically, the 
presence and environmental implications of elevated methane 
and aliphatic hydrocarbons (ethane, propane, etc.) in drinking-
water remain highly controversial and require a distinction 
between naturally occurring and anthropogenic sources. 
Previous efforts to resolve these questions have generally 
focused on identification of the genetic fingerprint of natural 
gas using the molecular (e.g., C2H6/CH4) and stable isotopic 
(e.g., δ13C-CH4, δ2H-CH4, or Δ13C=(δ13C-CH4 - δ13C-C2H6)) 
compositions of hydrocarbon gases. In many cases, these 
techniques can resolve thermogenic and biogenic contributions 
of natural gas and further differentiate between multiple 
thermogenic sources (e.g., Marcellus production gases vs. 
intermediate Upper Devonian gas pockets). However, these 
parameters are subject to alteration by microbial activity and 
oxidation and may not always uniquely identify the source or 
mechanism of fluid migration. Moreover, they do not 
necessarily identify the transport mechanisms by which 
material would migrate into shallow aquifers. In contrast to 
hydrocarbon gases, noble gases provide a suite of elemental 
and isotopic tracers that are unaffected by chemical reactions 
or microbial activity. Here we develop an integrated noble gas 
and hydrocarbon isotope analysis to evaluate if elevated levels 
of natural gas in drinking-water aquifers near gas wells are 
derived from natural or anthropogenic sources and to 
determine the mechanism by which stray gas contamination 
occurs.  
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Bone tissue is a composite mineral consisting of an organic 

collagen matrix and inorganic hydroxyapatite (HAP) 
(Ca10(PO4)6(OH)2, which is crystallogrpahically analogous to 
geological hydroxypatite. Trace elements are commonly 
applied to study various processes in the earth’s sciences (e.g., 
the study of water-rock interactions, mineral precipiation 
reactions, melt crystalization). Biomineralization includes 
many similar inorganic reactions such as hydroxyapatite 
precipitation and destruction during new bone formation, 
repair, and remodeling. Nonetheless, trace elements are not as 
commonly applied in biomineralization studies largely because 
trace element incorporation into bone depends also upon 
metabolic and biomolecular reactions as well as dieteary 
inputs. As a result, the majority of research to date has focused 
on the incorporation of a select group of elements (F, Sr, Pb, 
K, Mg, Zn, and Na), while little information exists on the 
abundance and incorporation of most geologically and 
mineralogically relevant trace and rare earth elements. In order 
to increase the utility of trace elements in medical, biological, 
anthropological, and/or forensic studies (e.g., geographic 
provenance studies) one must understand the processes that 
alter trace element incorporation in human biominerals, 
specifically those that may have a utility for geographic 
provenance and biomineralization studies. Here, we will 
present geochemical systematics that evaluate the trace 
element incorporation into human bone and evaluate trace 
element partitioning during bone remodeling processes.  
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Single plagioclase crystals, which are abundant within 

lunar regoliths, can provide chemical and isotopic constraints 
on the nature of the ancient lunar protolith, in a manner 
analogous to information from Jack Hills zircons about the 
Hadean Earth [1]. Like a first-order model of the Moon 
developed from a petrologic study of mm-sized rock fragments 
from the Apollo 11 regolith [2], single crystal isotopic studies 
can expand knowledge of the Moon’s chemical evolution. To 
explore this strategy, 11 plagioclase crystals (0.06 to 1.2 mg 
each) from Apollo 17 regolith 78461 were characterized by 
electron microprobe, and irradiated. Ar was extracted from 
each crystal using a CO2 laser to measure isotopic 
composition. 40Ar/39Ar ages of grains (based on 40Ar corrected 
for trapped 40Ar) range from 4.05 Ga to 4.32 Ga except Plag # 
10 grain that yielded an apparent age of 5.04 Ga. Measured 
40Ar/39Ar for Plag #10 is ~600, almost twice the values 
obtained on the other grains. A possible correlation between 
40Ar/39Ar ages and 36Ar abundance suggests that the ages may 
be affected by the presence of solar wind implanted, parentless 
40Ar. Also, Plag #10 grain has the highest 36Ar abundance. 38Ar 
cosmic ray exposure (CRE) ages for individual grains 
calculated using the target chemistry, and production rates [3], 
range from 3 to 28 Ma with the highest CRE age for Plag # 10. 
CRE ages cluster in three groups, suggesting at least three 
episodes of regolith mixing. In general, a grain with higher 
CRE age has a higher 40Ar/39Ar age, indicating grains that 
spent longer duration on the lunar surface tend to acquire more 
parentless 40Ar . The presence of parentless 40Ar in Plag #10 
may account for its geologically meaningless 40Ar/39Ar age, as 
well as those previously reported associated with low 
temperature steps of plagioclase step heat experiments [e.g., 4]. 
 
[1] Harrison et al (2008). Earth Planet. Sci. Lett., 268, 476-
486. [2] Wood et al (1970). Proc. Apollo 11 Lunar Sci. Conf., 
965-988. [3] Hohenberg et al (1978). Proc. Lunar Planet. Sci. 
Conf. 9th, 2311-2344. [4] Fernandes et al (2013) Met. Planet. 
Sci., 48, 261-269.  
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Geogenic arsenic (As) contamination in drinking waters 
continues to adversely affect the health of millions of people 
occupying the Bengal Delta. Naturally occurring processes 
contribute to the release and mobilization of As and thus 
control the spatial variation of As producing low and high-As 
regions within a few meters of mutual distance. This study on 
one hand focuses on As sorption within aquifer sediments and 
probes into the release mechanisms from sediment fractions to 
groundwater. On the other hand the study also focuses on the 
extent of bioaccumulation of As within rice grown (dry weight 
basis) in these soils in Murshidabad district of West Bengal, 
India. The results indicate organic matter (OM) within 
sediments to play a key role in sorption of As and dominance 
of iron (Fe) and manganese (Mn) within the sediments. 
Extractions from core sediments collected from low and high-
As areas in Murshidabad indicate residual and Fe-
oxyhydroxide fractions dominating As adsorption. OM-
adsorbed As, Fe and Mn were quantified by NaOCl extractions 
on the sediments. Leftover dissolved organic carbon (DOC) 
from the extracts demonstrated sediment-bound organics 
varying from shallow to deep parts within the high-As areas. 
Positive correlations were observed between AsT in 
groundwater and dissolved Fe-Mn ratios; AsT and DOC in 
groundwater; and bulk As and TOC of sediments. ICP-OES 
analyses of sediment-bound organic carbon (OC) indicate As 
concentrations within the OC fraction upto 188 µg/kg. Rice 
samples collected from low and high-As areas within 
Murshidabad (n=14) and domestically purchased (n=10) were 
de-husked, dried, ground, and digested via microwave 
(MARSXpress, CEM, NC). IC-ICP-DRC-MS analyses show a 
diverse range of As uptake by rice grains cultivated in both dry 
and wet seasons. Grains with long and slender (LS) physical 
dimensions tend to bioconcentrate more As than short and 
stocky (SS) grains. Rice samples that exceeded 125 µg/kg total 
As (n=10) were selected for water digestion, and analysis via 
HPLC-ICP-MS for speciation. Organic As (MMA, DMA) and 
As (V) were undetectable at <1µg/kg. As (III) was dominant 
species detected in 40% of samples and ranged between 6.8 
µg/kg and 52.3 µg/kg. Availability of water with safe As levels 
is less common when sourced from shallow (<25m) aquifers 
characteristic of OM-rich Holocene sediments. These are more 
abundant than deeper aquifers that typically contain highly 
oxidized older Pleistocene sediment and little-no OM, and 
generally contain lower As concentrations.  
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Biogeochemical cycling of iron and carbon is dependent 

upon the molecular-level interactions between iron (Fe) and 
natural organic matter (NOM) in soil and water. Several 
studies have found evidence for strong Fe(III) complexation 
via carboxylic functional groups. Less is known about the 
coordination and reduction-oxidation chemistry of Fe(II) in the 
presence of NOM. In particular, the extent to which NOM 
inhibits or enhances Fe(II) oxidation is still under debate. 
Resolving these questions is crucial to understanding the 
chemistry that determines the solubility, mobility, and 
bioavailability of iron in terrestrial and aquatic systems.  

We studied the interactions of Fe(II) with various types of 
NOM, including Suwannee River fulvic acid and Leonardite at 
pH 5–7. Oxidation of Fe(II) in anaerobic solutions of NOM 
indicated the presence of oxidizing functional groups that 
could be reduced by H2(g) in the presence of palladium. X-ray 
absorption spectroscopy (XAS) was used to investigate the 
molecular structure of iron complexes formed upon reaction of 
Fe(II) with reduced NOM. For the reference NOM types, 
Fe(II) complexation was dominated by carboxylic acid groups. 
Complexed Fe(II) exhibited faster kinetics of oxidation by O2. 
For one hydrophilic fraction of subsurface pore-water NOM, 
extensive Fe(II)–thiol coordination was detected. These results 
demonstrate one mechanism for the enhanced rate of Fe(II) 
oxidation, and show that Fe(II)-NOM interactions are 
dependent upon the type of NOM. 
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Despite extensive research, there remains no consensus on 

the tectonic setting and driving mechanism for the genesis of 
hydrothermal fluids that created the Irish ore field [1-3]. 
Difficulty in interpreting the origin of the classic Irish ores 
arises partly from the coincidence of both extensional and 
compressional features within the deposits. Helium isotopes 
have been analysed in ore fluids trapped in sulphides from the 
major deposits of the Irish ore field to test for the involvement 
of mantle-derived volatiles, which provide tell-tale signs of 
asthenospheric melting. Helium isotopes of ancient 
hydrothermal fluids are trapped and preserved in ore minerals 
and can be used to trace the contribution of mantle volatiles 
and heat sources in a variety of ore deposit types [4]. 

Here we report 3He/4He ratios that range up to 0.2 Ra, 
indicating that a small but clear mantle helium contribution is 
present in the mineralising fluids trapped in galena and 
marcasite. Sulfides from ore deposits with the highest fluid 
inclusion temperatures (~200°C) also have the highest 3He/4He 
(> 0.15 Ra), even in samples that had mixed with surface fluids. 
Similar 3He/4He are recorded in fluids from modern continental 
regions that are undergoing active extension [4]. By analogy 
we consider that the hydrothermal fluids responsible for the 
carbonate-hosted Irish base metal mineralization circulated in 
thinned continental crust, which was undergoing extension, 
and that the influence of enhanced mantle heat flow may have 
had a significant role in driving fluid convection.  

 
[1] Russell M.J. (1978) Trans Ins Min Metall B 87:167-171. 
[2] Leach et al (2005) Econ Geol 100:561-607. [3] Wilkinson 
J.J. and Hitzman M.W. (in press) Econ Geol. [4] Ballentine et 
al (2002) Rev. Mineral. Geochem. 
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Introduction  

We report the results of a NanoSIMS 50L ion imaging 
study of the unique ungrouped Antarctic carbonaceous 
chondrite Miller Range (MIL) 07687. MIL 07687 has an 
estimated subtype of 3.00 [1] and exhibits an unusual type of 
partial and localized aqueous alteration that has resulted in two 
apparent matrix lithologies [2]. 
Results and Discussion 

A total of 29 presolar O-anomalous (124 ppm) and 20 
presolar SiC grains (63±17 ppm) were identified, as well as 
other C-anomalies (not associated with Si). Abundant 
carbonaceous regions with anomalous N-isotopic compositions 
were seen with δ15N values of up to ~2,000 ‰. O-anomalous 
grains have a silicate/oxide ratio of ~5 and O-isotopic 
compositions similar to those previously reported [3]. The 
presolar O-anomalous grain abundance of MIL 07687 is 
slightly lower than abundances determined for other primitive 
chondrites, such as the ungrouped chondrite Acfer 094 (145–
190 ppm [4,5]), but is significantly lower than that of CO3.00 
DOM 08006 (338 ppm [6]). A presolar SiC abundance of 
63±17 ppm agrees with those reported in other primitive 
chondrites [e.g., 7].  
Summary 

High presolar grain abundances and the presence of 15N 
anomalous carbonaceous material indicate that this chondrite is 
of low petrographic type, in agreement with petrographic 
observations [1]. 
 
[1] Davidson J. et al (2014) LPSC XLV, #1384. [2] Brearley 
(2012) LPSC XLIII, #1233. [3] Hynes and Gyngard (2009) 
LPSC XL, #1198. [4] Nguyen and Zinner (2004) Science 303, 
1496-1499. [5] Vollmer et al (2009) GCA 73, 7127-7149. [6] 
Nittler et al (2013) LPSC XLIV, #2367. [7] Davidson et al 
(2009) LPSC XL, #1853. 
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Almost. CHILI (the CHicago Instrument for Laser 
Ionization), a resonance ionization mass spectrometry (RIMS) 
nanobeam instrument nearing completion, is designed for 
isotopic and chemical analysis at the ~10-nm scale with a 
useful yield of ~40%, capabilities well beyond those of 
currently available secondary ion mass spectrometers. CHILI 
uses a liquid metal ion gun for sputtering or a 351 nm Nd:YLF 
laser for ablating atoms from the sample, six tunable 
Ti:sapphire lasers of our own design pumped with three 527 
nm Nd:YLF lasers to resonantly ionize up to three elements 
simultaneously from the atom cloud, and a time-of-flight mass 
spectrometer to mass-analyze and detect photoions. We 
summarized progress a year ago [1] and we provide an update 
here. All tunable lasers are now operational and outperform 
earlier generation lasers. The ablation laser has achieved a spot 
size of ~1 µm. The final electronic components, for switching 
high voltages at nanosecond timescales, are now nearing 
completion after a delay of two years because of a massive 
backlog at the switch manufacturer. All major subsystems of 
CHILI are controlled by our own software and we are 
developing 3D imaging of isotopic and chemical composition 
as samples are sputtered or ablated away. The CHILI 
laboratory is temperature-controlled to stabilize lasers and 
other sensitive components. Adjacent to the laboratory is a 
class ~100 clean room containing optical microscopes and a 
micromanipulator for sample preparation. We anticipate initial 
operation of CHILI within a month of this writing. 

CHILI’s strengths will be in isotopic and chemical analysis 
at lateral resolutions from ~10 nm to a few µm and 
unprecedented analytical sensitivity. Among the samples 
planned for isotopic analyses are those from sample-return 
missions: Stardust–cometary and contemporary interstellar 
dust; Genesis–solar wind; Hayabusa and OSIRIS-REx–
samples from asteroids with ordinary and carbonaceous 
chondrite affinities. We are particularly interested in presolar 
grains, which inform us about stellar nucleosynthesis, and 
refractory inclusions and chondrules, useful for early solar 
system chronology, but we are open to collaboration to anyone 
with an exciting problem and some samples. 
 
[1] Davis A. M. et al (2013) Mineral. Mag. 77, 951 
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The fO2-depth profile of Earth’s mantle sets the depth at 
which diamond in upwelling mantle oxidizes to form 
carbonated melts (DCO3), reducing iron in the process [1]. 
Estimates of MORB-source fO2 based on spl-oxybarometry [2] 
and Fe3+/ƩFe in MORB glasses [3] anchor the fO2-depth profile. 
Upper mantle fO2 decreases with depth as Fe2O3 in garnet is 
diluted by increasing modal garnet [4]. We present a 
petrological model of the mantle fO2-depth profile to predict the 
depth of melt initiation in the sub-ridge mantle. 

We have augmented a model of the fO2-depth profile of 
adiabatically upwelling mantle first presented by Stagno et al. 
[5], kindly provided by D. Frost. Empirical fits to experimental 
data and a chemical mass balance produce phase compositions 
along constant Fe3+/ƩFe isopleths that can be used to calculate 
fO2 through the grt-ol-opx oxybarometer [5]. Differences in 
bulk Fe3+/ƩFe, potential temperature, and bulk composition 
may each lead to variation in the depth of intersection with the 
DCO3 of >50 km. A surprising result is that more refractory 
compositions begin redox melting at greater depth (Fig. 1), 
opposite the effect of fertility during silicate partial melting.  

Fig.1. Model compositions with the same bulk Fe3+/ƩFe.  
 
The refractory composition is more oxidized due to lower 

modal proportion of garnet. This leads to intersection with the 
DCO3 and initiation of carbonated melting at greater depth. 
 
[1] Stagno and Frost (2010) Earth Planet. Sci. Lett. 300, 72-84 
[2] Bryndzia and Wood (1990) Am. J. Sci. 290, 1093-1116 [3] 
Cottrell and Kelley (2011) Earth Planet. Sci. Lett. 305, 270-
282 [4] Ballhaus (1995) Earth Planet. Sci. Lett. 132, 75-86 [5] 
Stagno et al (2013) Nature 493, 84-88 
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Olivine phenocrysts in Hawaiian basalts, as compared to 
those in MORB, are enriched in Ni at a given Mg# [1,2]. This 
enrichment may require that a large proportion of aggregated 
primary melt in the Hawaiian source is derived from 
pyroxenite rather than peridotite [1]; however, this conclusion 
assumes that Ni concentrations in mantle peridotites are 
relatively uniform (e.g., [3]). LA-ICP-MS analyses of first-row 
transition elements in minerals from 17 spinel lherzolite 
xenoliths from Ko’olau, Hawaii are used to investigate 
abundances of these elements in the sub-Hawaiian mantle. 

Hawaiian xenolith olivines with Mg# >0.89 have 0.35-0.50 
wt.% NiO (mean=0.41 wt.%), a range similar to olivine 
phenocrysts in Hawaiian basalts [2]. Following the 
temperature-dependent Ni-partitioning model of Matzen et al. 
[4], a partial melt of peridotite with olivine containing 0.41 
wt.% NiO will precipitate phenocrysts with >0.47 wt.% NiO 
assuming a 100 °C decrease in temperature between source and 
magma chamber. If the Hawaiian basalt source is 
compositionally similar to these lherzolite xenoliths, then a 
pyroxenitic source component is not required to explain high-
Ni olivine phenocrysts. The observed range of Ni 
concentrations for global peridotite olivines also calls into 
question the need to invoke core-mantle interaction [3] in the 
plume source of Ni-rich intraplate lavas. 

 
[1] Sobolev et al (2005) Nature 434, 590-597 [2] Sobolev et al 
(2007) Science 316, 412-417 [3] Herzberg et al (2013) Nature 
493, 393-397 [4] Matzen et al (2013) J Pet 54, 2521-2545 
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Extreme high-µ (HIMU; high time-integrated 238U/204Pb) 
lavas from Mangaia and St. Helena have Pb isotopic 
compositions (206Pb/204Pb >20.5) that set them apart from more 
common HIMU-type lavas occurring in locations like the 
Canary Islands or Cameroon line (206Pb/204Pb ~19-20.5). New 
Os isotope and highly siderophile element (HSE) abundance 
data show that HIMU-type ocean island basalts (OIB) typically 
possess a larger range in initial 187Os/188Os (0.135-0.175) 
compared with extreme HIMU OIB (0.140-0.148). Lower Os 
isotope compositions in extreme HIMU lavas likely reflect 
melting of a hybridised incompatible-element enriched 
peridotite containing ancient (>2 Ga) oceanic lithosphere, 
where the Os isotope signature is dominated by the peridotite. 
In contrast, HIMU-type lavas originate from younger recycled 
sources (<1 Ga) that have not fully mixed with peridotite, 
resulting in a variable fraction of Os coming from high Re/Os 
pyroxenite. These differences require that lithological 
heterogeneities can only persist for <2 Ga before they are 
stirred back into the mantle, and are consistent with a 
peridotite source for Mangaia, versus pyroxenite-peridotite 
sources for El Hierro (Canary Islands), from olivine chemistry 
and more heterogeneous radiogenic isotope compositions. 
Preservation of pyroxenite lithologies in the mantle can explain 
the paucity of extreme HIMU localities, which require melting 
of peridotite, versus more common and diverse HIMU-type 
lavas formed through melting of younger fusible subducted 
lithologies in a surrounding peridotite matrix. 
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The majority of abyssal peridotites (AP) dredged or drilled 
from the ocean floor are partially to totally hydrothermally 
altered and/or weathered. It has also been shown that AP 
experience melt-refertilization during their residence in the 
mantle beneath ridges. The effects that these processes have on 
geochemical compositions in AP, most especially for the 
highly siderophile elements (HSE), remain poorly constrained. 
To further examine such effects, we present a comprehensive 
dataset of bulk-rock major-, trace- and HSE abundances, 187Re-
187Os and previously reported pyroxene 143Nd/144Nd data for 
variably altered and serpentinized Mid-Atlantic (MAR), 
Gakkel, Central Indian (CIR) and South-West Indian Ridge 
(SWIR) AP. 

New trace-element abundance data reveal that MAR AP 
have the most melt-depleted compositions (La/Gdn = <0.5, 
where n = normalization to primitive mantle La/Gd = 1.153); 
Gakkel, CIR and SWIR AP show both melt-depleted and melt-
refertilized (La/Gdn = >1.2) compositions. We find no clear 
correlations between degree of serpentinization, or indices of 
melt-refertilization (e.g., La/Gd) and Os isotopes or inter-
element HSE ratios in AP. Instead the combined bulk-rock 
187Os/188Os and pyroxene separate 143Nd/144Nd data show that 
AP have systematically lower 187Os/188Os than primitive mantle 
estimates, but have εNd values similar to the most depleted 
MORB (~+10 to +14) These observations indicate that Os 
isotopes and HSE abundances are faithful recorders of mantle 
compositions and robustly preserve information on mantle 
depletion events that have occurred in the oceanic mantle. 
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In last one decade shale gas exploration and exploitation in 

USA has reduced the cost of gas and also import of gas from 
Gulf countries. India is developing country and with the 
development demand of energy is also increasing. There are 28 
sedimentary basins in India and shale formation in these basins 
will play an important role as future source of energy. One of 
the important basins, Jammu and Kashmir region of Western 
Himalaya, India was selected for such study. About seventy 
shale samples were collected from Kalakot, Kotla, Mahogala, 
Salal, Kanthan and Kalimitti areas of Jammu belonging to the 
Tertiary Subathu Group, Permo –Triassic Guryul Ravine 
Section and Baru Spur, and Pahalgam region in Kashmir and 
Pliocene-Pleistocene Karewa lignites from the Nichoma, 
Kashmir. 

These shale samples were analysed in Rock Eval. The 
samples were powdered homogenously and depending upon 
the organic matter content (about 50-70 mg of the shale; 8-10 
mg of coal) and weighed in pre-oxidized crucibles. The shale 
samples were run under analysis mode using the bulk rock 
method and basic cycle. Carbonaceous shales and coal samples 
collected from Jammu showed quite high TOC. The Tmax 
ranges between 490-515 °C suggesting an over mature phase. 
The hydrogen index (HI) is low (10-50 mgHC/gTOC), 
whereas the oxygen index for all studied samples is near to 
zero. The organic rich sediments of Subathu Group might act 
as source for these gaseous hydrocarbons. The Karewa lignites 
from the Nichoma area has high TOC content up to 29.4%. 
The Tmax ranges between 399-427°C suggesting a mature 
phase for the hydrocarbons. The hydrogen index (HI) is 109-
278 mgHC/gTOC. The organic matter in majority of samples 
contains Type III kerogen. The samples from the Permian-
Triassic boundary in Kashmir are with low TOC<1%. The HI 
values for these shales are extremely low suggesting an 
immature stage. Shale from Subathu has high TOC with type 
III kerogen and suitable gas generation potential. The lignites 
from Karewa Formation show a Type III kerogen and a near 
mature stage for the hydrocarbons. Analytical data from 
Subathu Group of shales can be made by the taking into 
account the generation potential, source rock thickness and 
porosity of the shale formations.  
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Recently, the physicochemical properties of fluids 
confined in nanoporous rocks have been attracting 
considerable attention. For water-oil-rock interfaces, it is 
expected to have a water layer between the mineral surface and 
the confined oil. Properties like, interfacial tension and 
injection pressure could be affected by the presence of this 
water layer and the understanding of their behavior under 
confined conditions are needed to improve oil recovery. Here, 
we have performed non-equilibrium molecular dynamics 
(NEMD) of fluid (H2O and oil) flow inside amorphous silica 
cylindrical nanopores. The structural and thermodynamical 
properties of the fluids inside the pores were studied. The 
crude oil was modelled as a combination of alkanes, 
cycloalkanes and aromatic hydrocarbons. An oil flux was 
induced on an initially water-filled pore (4 nm). A water layer 
of about 6 Å thick is observed between the silica surface and 
the oil phase (Fig.1). By atomistic simulations, we could 
determine: i) the critical pressure necessary to have the oil 
penetrating in nanoporous (~1000 atm), ii) the presence of the 
water layer alters the interfacial tension by an order of 
magnitude, and iii) the molecular ordering. The results of 
confined crude oil differ significantly from the one with a 
water layer adsorbed on the nanoporous surface. 

Figure 1: Density map of the water layer confined in the 
nanopores (left). Densities of water, oil and silica, within the 
4 nm nanopore (right). 
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Iron has an important role in influencing global 

biogeochemical cycles through its control on biological 
production. For modern conditions, with oxygenated oceans, 
simple iron models that parameterise biological uptake, 
complexing by organic ligands and scavenging have been used 
to represent the global iron cycle [1].  

Under more extreme conditions of low oxygen or euxinia, 
it becomes important to be able to represent a more complex 
iron cycle with dissolved iron existing as inorganic Fe(II) and 
Fe(III) species, as well as in organic complexes (FeL). We 
investigate this complexity in the Earth System Model CGenie. 
Adapting from the Fan and Dunne model [2] of iron speciation 
we have 5 pools of iron; Fe (II), Fe(III), ligand bound, 
colloidal and particulate. In the surface layers we include 
photo-reductive processes so that dissolved iron cycles 
between colloidal forms and organic complexes to dissolved 
inorganic species. In addition, the oxidation rate within the 
model is sensitive to pH, salinity and temperature [3]. 
Inclusion of these processes and parameterisations allows the 
iron cycles response to changes in oceanic conditions to be 
modelled.  

With the model fully accounting for the redox-dependent 
dynamics of marine iron and sulphur cycling we are able to 
represent the reactive iron species. This provides a powerful 
tool that allows us to reconstruct the reactive to total iron ratios 
and degree of pyritisation, both of which are proxies for low 
oxygen to euxinic environments. 

Here we present preliminary results of the evaluation of the 
model for the present-day ocean and its application to past 
climatic states where ocean euxinia is present, taking OAE2 as 
a test study. 
 
[1] Parekh et al (2004), Global Biogem. Cycles [2] Fan and 
Dunne (2011) Geophy. Res. Letters, 38 [3] Tagliabue and 
Volker (2011) Biogeosciences, 8 3025-3039 
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Kinetic tests are routinely used to quantify metal release 

rates from Acid Rock Drainage (ARD) prone rock1. Such work 
was undertaken for a proposed copper, gold and molybdenum 
mine in west central Yukon. Since the secondary phase jarosite 
was identified in future mine waste rock, the effect of drainage 
quality needs to be predicted. 

A lenghty kinetic test experiment (~ 3 years) was carried 
out on waste rock, however elevated leaching rates were 
sustained for several metals making it difficult to extrapolate 
test results to predict futurre leaching rates and duration. 

In order to help predict drainage quality, we have 
developed an automated technique involving a 50 ml flow-
through cell which is continuously being supplied by new 
eluent at a well-defined flow rate. pH is constantly monitored 
using an in-line pH probe. An automated fraction collector 
continuously collects samples at pre-determined time intervals, 
which are later analyzed for dissolved constituents. Using a 
subsample of crushed waste rock (5 g), we have carried out a 6 
month experiment using DIW eluent, and are currently 
carrying out additional experiments under different pH 
conditions.  

Results obtained so far indicate a stabilizing of metal 
release rates after 2 - 3 months. However, in the DIW 
experiment, Fe concentrations are lower than expected, which 
can be attributed to the deposition of ferrihydrite which is 
stable under the pH conditions measured in the flow-through 
cell. Ongoing flow-through experiments under lower pH 
conditions will quantify the metal release rates without the 
possibility of ferrihydrite deposition.  

Although the methodology introduced here does not 
represent an alternative to traditional kinetic test experiments, 
it does provide the means to relatively quickly quantify metal 
release rates under a range of laboratory controlled conditions.  

 
[1] Sapsford, D.J., Bowell, R.J., Williams, K.P. (2009) 
Minerals Engineering 22, 25-36 
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Laboratory experiments can provide insight in rate-

determining dissolution regimes, whether mineral dissolution 
is controlled by surface reactions or by transport of ions away 
from the surface. To date, a good understanding of mass 
transport to and from the mineral surface has been achieved by 
(a) the use of a rotating disk1, or (b) locating a calcite crystal in 
part of one wall of a rectangular duct, generating laminar 
conditions2. However, these techniques depend on complex 
custom equipment to ensure hydrodynamic requirements are 
met. Geochemical kineticists often attribute differences in 
mineral dissolution kinetics to differences in experimental 
design, affecting the dissolution regime3.  

Here, we are introducing a purpose-built flow-through 
time-resolved analysis (FT-TRA) module, which can be 
employed to empirically assess which dissolution regime is 
dominating the forward reaction. A mineral sample, loaded in 
a flow-through cell, is exposed to a continuous incoming 
stream of eluent at a given flow-rate using an automated 
gradient pump. By varying the flow rate and assuming well 
mixed conditions in the flow-through cell (25 µl), a range in 
eluent residence time is established. If an analyte steady state 
concentration increases proportionally to the eluent residence 
time through the origin, we conclude the forward dissolution 
reaction to be surface controlled. If this increase is non-linear 
or does not go through the origin, transport control is affecting 
the forward reaction under the hydrodynamic conditions used. 

Using our findings from two minerals (calcite and 
forsterite) we ground truth our hypothesis. Even using very 
short eluent residence times, calcite dissolves under a transport 
controlled regime. In contrast, forsterite dissolves under 
surface control across a wide range of residence times.  

 
[1] Levich, V.G. (1962) Physicochemical hydrodynamics. 
Prentice Hall, 700pp. [2] Compton, R.G., Unwin, P.R. (1990) 
Philosophical Transactions of the Royal Society of London. 
Series A, Mathematical and Physical Sciences 330, 1-45 [3] 
Chou, L., Garrels, R.M., Wollast, R. (1989) Chemical Geology 
78, 269-282 
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The CO2–carbonic acid system dynamics of tropical 

coastal regions are complex, particularly in estuaries and 
lagoonal settings of high islands with coral reefs. The role of 
freshwater dissolved inorganic carbon (DIC) fluxes from such 
high islands in carbon cycling and exchange with the 
atmosphere in the nearshore zone remains especially poorly 
constrained. In this presentation, we review studies conducted 
in Hawaii of freshwater DIC inputs to coastal areas from 
streams and wetlands during low flow and high runoff 
conditions. This work shows that coastal inputs of DIC reflect 
a complex interplay between the intensity of weathering of 
inorganic and organic materials in the soil/rock source of DIC, 
river and groundwater discharges, in-stream biological 
processes, land use change in adjoining watersheds and gas-
exchange with the atmosphere. We examine the connections 
between the freshwater systems and receiving waters and how 
the freshwater DIC inputs impact fluxes of CO2 between the 
waters and the atmosphere. One important conclusion is that, 
during mixing of freshwater with seawater, the “salting out 
effect” generally causes degassing of CO2 to the atmosphere in 
the coastal proximal zone. However, the remaining freshwater 
DIC plume, depending on various factors such as the intensity 
of runoff, physical mixing, and biogeochemical reactions, may 
be transported into and through the distal coastal zone. Finally 
we extrapolate the results from Hawaii to other tropical and 
subtropical high islands of the Pacific and estimate their 
contribution to the flux of DIC to the tropical coastal zone.  
 



 Goldschmidt2014 Abstracts  

 

515 

515 

Carbon Storage in a Waste Rock Pile, 
Dream or Reality? 

J. DECLERCQ1, C. BROUGH2, A. BARNES3,  
R. WARRENDER4 AND R. BOWELL5  

1SRK Consulting, 17 Churchill Way, Cardiff, CF10 2HH, UK 
jdeclercq@srk.co.uk  

2SRK Consulting, 17 Churchill Way, Cardiff, CF10 2HH, UK 
(cbrough@srk.co.uk )  

3SRK Consulting, 17 Churchill Way, Cardiff, CF10 2HH, 
Wales, UK (rwarrender@srk.co.uk) 

4SRK Consulting, 17 Churchill Way, Cardiff, CF10 2HH, 
Wales, UK (rwarrender@srk.co.uk) 

5SRK Consulting, 17 Churchill Way, Cardiff, CF10 2HH, 
Wales, UK (rbowell@srk.co.uk)  

 
Mineral carbonation has the potential to represent a viable 

long-term storage option for CO2 management. Recent studies, 
e.g.[1], indicate an economic potential for integrating industrial 
scale carbon storage into mining operations. Ultra-mafic rocks, 
with their wide availability and high content of Mg-bearing 
silicates have long been considered the most promising rocks 
for Carbon Capture and Storage (CCS).  

Beyond thermodynamic considerations to allow for 
industrial CCS to proceed, a reasonable carbonation efficiency 
has to be achieved, therefore reaction rates have to be 
increased. As part of their activities, the mining industry 
typically extract, crush, mill and expose to the atmosphere tens 
or hundreds of million tonnes of rock per mine. In areas with 
large amounts of mafic rock, these lithologies may represent a 
significant percentage of the waste material left on the surface. 
This might represent a locally important source of readily 
available material for CCS if the conversion process is 
sufficiently efficient. 

In this study, a waste rock sample from serpentine skarn 
lithologies was reacted for sixty weeks in humidity cells at 25 
°C. The results indicate olivine dissolution an increase in the 
amounts of serpentine and in the neutralisation potential of the 
samples as well as the appearance of inorganic carbon in the 
sample. It is understood that at ambient temperature the 
sluggish precipitation kinetics of secondary phases will favor 
the formation of more hydrous Mg silicate phases such as 
serpentine lowering considerably the efficiency of forsterite 
carbonation.  

The aim of this study is to quantify the amount of 
carbonate produced and the efficiency of the reaction in order 
to assess the economic viability of integrating CCS into mine 
development operations.  

 
[1]Hitch et al (2012) Miner. Engin. 39  
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The Neoproterozoic Upper Ruvubu alkaline plutonic 

complex (URAPC) comprises feldspathoidal syenites, diorites, 
quartz-bearing syenites, granites and a carbonatite intrusion. 
The latter displays exceptional mineralization features, among 
which giant zircon and ilmenite crystals, in an area of intense 
and extensive K-fenitization. Carbonatitic breccias are also 
encountered in the URAPC; they are characterized by the 
presence of monazite and REE-carbonates.  

LA-ICP-MS analyses and stable isotope compositions of 
these REE-/HFSE-minerals (or paragenetically associated 
mineral phases) allow linking mineralization to both magmatic 
and surficial fluids. The involvement of (late-)magmatic 
processes is suggested by the oxygen isotope values obtained 
on the zircon and ilmenite giant crystals (+4.0<δ18O<+4.7‰ 
and -1.4<δ18O<-4.3‰, respectively), values that are in 
apparent equilibrium with the carbonatite body at high-
temperature. In the carbonatitic breccia, the LREE-monazite is 
cogenetic with a magmatic Fe-Mn-calcite (δ18O=+9.7‰;δ13C=-
5.6‰), suggesting a comparable origin. By contrast, late 
calcite, which is coeval with REE-carbonates, shows an 
increase in the δ18O value (δ18O=+12.5;δ13C=-5.0‰). This 
highlights hydrothermal processes. At the scale of the URAPC, 
REE fractionation is visible in the most isotopically altered 
carbonatites, which points to mobilization of these elements. 
The site of re-deposition of the leached REE could be the 
carbonatitic breccia, where REE-carbonates are genetically 
linked to hydrothermally altered calcite. Another likely source 
for hydrothermal REE concentration in these breccias could be 
found in the fluids directly derived from the carbonatite 
magma, maybe deep-seated.  

By analogy, at Gakara (distant of 40 km from the 
URAPC), where hydrothermal REE-mineralizations occur, a 
comparable deep-seated altered carbonatitic system could be 
envisaged to explain the high-level REE mineralization.  
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The association of Au and As in pyrite suggests a coupled 
geochemical behaviour of these elements in ore deposits 
formed under different physico-chemical conditions, tectonic 
settings, and crustal levels. A survey of EMPA, LA-ICP-MS, 
SIMS, and PIXE analyses of pyrite from coal, Carlin-type, 
epithermal, porphyry, orogenic, VMS, Witwatersrand, and 
IOCG deposits cover temperature conditions of pyrite 
formation from 30-600oC. The analyses show that the highest 
amounts of Au, often in excess of Au/As = 0.02, are in 
hydrothermally modified coal, Carlin-type, and epithermal 
deposits, and lower amounts of Au, Au/As <0.004, are in 
orogenic, IOCG, and porphyry deposits. Most of the data plot 
below the solubility limit for Au in arsenian pyrite suggesting 
that Au+ is a dominant species in the pyrite structure, and that 
most of the pyrite-depositing fluids were undersaturated with 
respect to Au0. The Au/As ratio of 0.02 is independent of the 
geochemical environment of pyrite formation, and instead 
depends on the crystal-chemical properties of pyrite and 
subsequent alteration processes. The concentration of Au and 
As in all pyrite considered as a group decreases with increasing 
temperature probably due to removal of defects and growth 
As-rich domains. This review defines two major trends of 
pyrite compositions in: (i) Carlin-type and orogenic deposits in 
which pyrite composition is controlled by fluid-rock 
interaction (although the Au-As relation in pyrite may be 
perturbed by later changes in temperature and/or 
recrystallization); (ii) porphyry and epithermal deposits in 
which pyrite composition records and possibly controls the 
Au/As ratio of parent magmatic-hydrothermal fluids. 
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Enstatite meteorites encompass two categories: enstatite 

chondrites (undifferenciated Fe-rich EH and Fe-poor EL) and 
aubrites (differenciated counterparts). They are the most 
reduced bodies of the Solar System, thought to come from its 
most inner region, likely to be the environment of formation of 
Earth. Several elements (O, Cr, Xe, Mo, Ni, but not Si) show 
similar compositions between Enstatites and Earth, suggesting 
a possible Enstatite origin for the Earth. Yet, the genetic 
relationship between Enstatite groups remain unclear. 

Sulfur is a volatile element which could help apprehend the 
mechanisms underwent by the Enstatite parent bodies. We 
therefore analysed the S isotopic composition (33S/32S, 34S/32S, 
36S/32S) of 26 samples of all groups (EL3, EL6, EH3, EH5 and 
aubrites) with a precision of 0.01 per mil for 32S, 33S and 34S 
and 0.1 per mil for 36S 

Our results [1] show that EL3, EH3 and EH5 give similar 
compositions than what was previously published in literature, 
with a mean δ34S = -0.3 ± 0.2 ‰. However the chondrite group 
EL6 shows noticeably lighter composition of δ34S = -0.64 ± 
0.11. The aubrites (with the exclusion of Shallowater) display 
an even lighter composition with a δ34S = -1.3 ± 0.2. 

The distinction of EL6 compared to the EL3 and EH could 
either indicate an additional parent body, or it could be a 
consequence of higher metamorphism on the EL6 parent body, 
since, as of today, there are no meteorites of such high 
petrographic degree for EH meteorites. It is interesting to note 
that EL6 have an intermediary composition between the group 
of the other chondrites (undifferentiated meteorites) and the 
aubrites (differentiated). However, Shallowater is an aubrite 
thought to come from a distinct parent body. Its isotopic 
composition in Sulfur is different from the main aubrite group, 
which may suggest a heterogeneity of the Solar Nebula at the 
time of formation of this parent body (and likely, all the parent 
bodies of enstatite meteorite). Therefore, it cannot be excluded 
that the EL6 composition comes from the heterogeneity of the 
Nebula.  
 
[1] Defouilloy et al (2013) Mineralogical Magazine, 77(5) 961 
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The apparent solubility of hydrozincite [Zn5(CO3)2(OH)6] 

was measured in samples of different nature, including natural 
abiotic (“geologic”), synthetic (abiotic), and natural 
biominerals. A systematic increase in the solubility is recorded 
from geologic sample to synthetic analogues and biomineral 
samples. Sample structural data were obtained by using SEM, 
TEM, synchrotron radiation X-rays powder diffraction (SR-
XRPD), and Zn K-edge X-rays absorption spectroscopy 
(EXAFS). Main results are that solubility of hydrozincite 
increases crystal size is nanometric and decreases from 
geologic to synthetic and biologic samples. Zn-O interatomic 
distances slightly decrease with the crystal size and cell 
volume increases inversely with crystal size. 

The effects on solubility of particle size and of cell volume 
increase were calculated by classical thermodynamic 
equations. In this way, the surface energy of hydrated 
hydrozincite was estimated to increase by at least one order of 
magnitude from (abiotic) geologic to biologic sample. The 
effect of cell volume variation on apparent solubility is deemed 
negligible, being of the same order of magnitude of the error in 
solubility measurements.  

Finally, the different solubility of investigated samples is 
most likely ascribed to crystal size and hydrated surface 
energy.  
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The NOAA Southeast Nexus of Air Quality and Climate 

Change (SENEX) study was focused on the interactions 
between biogenic and anthropogenic emissions in the 
Southeastern United States to form oxidants and aerosol, and 
how these affect air quality and climate change in the region. 
For SENEX, the NOAA WP-3D research aircraft was 
deployed out of the Smyrna/Rutherford County regional 
airport in Smyrna, Tennessee during June and July of 2013. 
The aircraft carried an extensive suite of instruments to 
characterize the gas- and aerosol-phase composition of the 
atmosphere, as well as the climate-relevant properties of the 
aerosol. The SENEX study was performed in close 
collaboration with several other studies in the framework of 
the Southeast Atmosphere Study (SAS). 

The focus of this presentation will be on the formation of 
organic aerosol in the outflow from several urban areas during 
the SENEX study. Results from Atlanta (GA) and Birmingham 
(AL), two urban areas with high biogenic emissions, will be 
compared with results from St. Louis (MO) and Indianopolis 
(IN) where biogenic emissions are lower. During these flights, 
organic aerosol, as measured by aerosol mass spectrometry, 
showed correlation with anthropogenic compounds such as 
carbon monoxide and co-emitted volatile organic compounds 
(VOCs). These findings suggest that either the formation of 
organic aerosol from biogenic VOCs is more efficient in urban 
plumes, or a significant fraction of organic aerosol is formed 
from anthropogenic precursors. Analysis of the results will be 
aimed at quantifying the relative importance of these two 
processes. The results will also be compared with those from 
previous studies that noted a possible connection between 
anthropogenic and biogenic emissions to form organic aerosol 
[1]. 

 
[1] Weber et al (2007) J. Geophys. Res.-Atmos. 112 D13302, 
doi:10.1029/2007JD008408. 
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Trace element ratios and compatibility between 
crystal/melt phases are used extensively in petrogenetic 
modelling, from isotope dating to the identification of the melt 
source in different geological regimes. However, the degree to 
which these ratios change and are influenced in situ by melt 
structure at high pressure (P) and temperature (T) is poorly 
constrained. Understanding chemical transfers between Earth's 
reservoirs requires characterisation of the structural properties 
of molten silicates in situ, at the equilibrium P-T conditions of 
melt genesis.	   It is well known that partition coefficients are 
dependent on P, T and compositional changes in the crystalline 
structures; more recent studies also show the significance of 
melt structure on compatibility. However, structural changes 
within the melt and their influence on trace element bonding 
have not yet been monitored in situ. Understanding P-T effects 
on partitioning directly within the melt will provide us with a 
more precise model for how trace elements partition within the 
mantle at high P-T.	  

Here we present the first results of in situ X-ray diffraction 
experiments on the speciation of trace elements Hf and Lu in 
hydrous haplogranite glass and melt up to 7 GPa and 750oC. 
High P-T conditions were generated by resistive heating 
diamond anvil cells. This composition is particularly relevant 
to subduction zones and continental crust genesis. This is the 
first study where trace elements have been identified in silicate 
glasses and melts using X-ray diffraction, and provides a 
promising method for monitoring trace element coordination 
change within silicate melts at mantle P-T conditions. 
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Archaeal cells comprise over 20% of the total microbial 

cells in marine waters, and likely play an important role in 
marine biogeochemical cycles [1]. Planktonic marine archaea 
are numerically dominated by two phylogenetic groups: 
Thaumarchaeota (a newly recognized phylum previously 
known as marine group I Crenarchaeota) and marine group II 
Euryarchaeota [1, 2]. Although ubiquitous, their activity and 
metabolic flexibility are still poorly described. In particular, 
although Thaumarchaeota are thought to live primarily 
chemoautotrophically, coupling ammonia oxidation to 
bicarbonate fixation, some evidence suggests that they may 
live heterotrophically or mixotrophically [3, 4, 5, 6]. In the 
current study, we investigate the carbon metabolic flexibility 
and growth rates of marine archaea in order to understand their 
potential role in C and N cycling in the oceans. We incubated 
coastal marine water at in situ temperature in the dark, with 
isotopically labeled substrates, in the presence and absence of 
antibiotics. Specifically, we used H13CO3

- and 15N- and 13C-
labeled amino acids to investigate autotrophy and 
heterotrophy, respectively, and 15NH4

+ to observe overall 
anabolic activity. We measured the uptake of these substrates 
using both bulk and single-cell isotope analyses (Isotope Ratio 
Mass Spectrometry and Nanoscale Secondary Ion Mass 
Spectrometry (NanoSIMS), respectively). By combining 
NanoSIMS with fluorescence in situ hybridization (FISH-
NanoSIMS) as well as microarrays (Chip-SIP), we are able to 
differentiate uptake by archaeal and bacterial cells, as well as 
different archaeal phylotypes. Our single-cell approach allows 
us to determine the contribution of individual phylotypes to 
overall community activity, as well as observe the distribution 
in activity levels within phylotypes.  
 
[1] Karner, DeLong & Karl (2001), Nature 409, 507-510. [2] 
DeLong (1992), PNAS 89, 5685-5689. [3] Ouverney & 
Fuhrman (2000) AEM 66, 4829-4833. [4] Konneke, Bernhard, 
de la Torre, Walker, Waterbury & Stahl (2005) Nature 437, 
543-546. [5] Hallam, Mincer, Schleper, Preston, Roberts, 
Richardson & DeLong (2006), PLoS Biol. 4, e95. [6] Ingalls, 
Shah, Hansman, Aluwihare, Santos, Druffel & Pearson (2006) 
PNAS 103, 6442-6447.  
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The early Pliocene is the most recent time in Earth history 
when greenhouse gas concentrations were similar to today and 
average global temperature was warmer. This warm period 
came to an end with the onset of significant northern 
hemisphere glaciation. Yet as the high latitudes shifted toward 
cooler conditions with higher ice volume, sea surface 
temperatures (SST) in the Indo-Pacific warm pool (IPWP) 
appear to have remained stable. The stability of IPWP SST is 
critical to addressing the role of CO2 in the Pliocene-
Pleistocene climate transition. Climate models predict ~1°C 
temperature rise in the IPWP when CO2 concentrations 
increases by 100ppm (to ~400ppm), and a ~2°C warming if 
CO2 is doubled. If the IPWP was no more than 1°C warmer in 
the early Pliocene compared to today, then CO2 was unlikely to 
be higher than ~400ppm.  

We present a G. sacculifer Mg/Ca record in the Indian 
Ocean (ODP site 758: 5º23’N, 90º21’E, 2925 m water depth), 
which shows little variation through the last 5 Ma, agreeing 
with a previous Mg/Ca record in the western equatorial Pacific. 
IPWP SST stability has been called into question because the 
SST records may be biased by secular changes in Mg/Ca of 
seawater (Mg/Casw). However, Mg/Casw is not well 
constrained; estimates of Mg/Casw at 3-5 Ma range from 0.5-3 
mol/mol lower than today. Adjusting Mg/Ca SST estimates at 
ODP site 847 in the eastern equatorial Pacific leads to early 
Pliocene SST estimates that largely disagree with UK’

37 SST 
estimates. Adjusting Mg/Ca bottom water temperatures at ODP 
site 607 leads to unrealistic bottom water temperatures and 
δ18O of seawater estimates that are implausible because they 
imply isotopically heavier seawater (higher ice volume) in the 
early Pliocene compared to today. Therefore, changes in 
Mg/Casw were likely modest and had a minimal affect on the 
Mg/Ca paleotemperature proxy on these time scales, and our 
stable Mg/Ca record reflects little change in SST in the IPWP 
through the last 5 Ma. Thus stable SST in the IPWP support 
pCO2 of 400ppm or less during the early Pliocene. 
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Introduction 

Building a comprehensive and realistic model of the 
interactions that occur between mineral (nano-)particles of 
soils, sediments and rivers, and complex mixtures of organic 
compounds such as humic substances (HS) requires knowledge 
at the molecular level on the fractionation of these substances 
that is induced by sorption at mineral surfaces. We addressed 
here, by means of electro-spray ionisation (ESI) mass 
spectrometry with ultrahigh resolution, the molecular level 
fractionation of a reference fulvic acid (SRFA) during its 
sorption at alumina surface -taken as a model for surfaces of 
natural Al oxide hydrates-.  
Results 

Examination of ESI(-)-MS spectra of native SRFA 
solution, and of supernatant collected in SRFA sorption 
experiment at acidic pH, provided clear evidence for a process 
of sorptive fractionation of SRFA, with the ~5700 compounds 
identified in native solution being partitioned between solution 
and surface of alumina to very varying degrees. The 
quantitatively sorbed molecules were found to belong both to 
the family of tannins and to that of polycyclic aromatic 
compounds, and had as main characteristics a weak H/C ratio 
(<1 and <0.5, respectively) and aromatic character. Most of 
hydrolysable tannins was quantitatively sorbed.  

Compounds showing the highest affinity for alumina 
surface exhibited thus aromatic structures with multiple 
oxygenated functionalities. There was observed a remarkably 
good negative correlation between the degree of sorption of a 
molecule within a CH2-series and its number of CH2 groups, 
and positive correlation between degree of sorption of a 
molecule within a COO-series and number of CO2 groups, 
which indicated that molecule acidity is a main parameter 
governing sorption of SRFA compounds at acidic pH. The 
results suggest that sorptive fractionation of SRFA is 
controlled by competitive reactions for proton binding and 
binding at surface Al(III) that involve functional groups of 
SRFA molecules.  
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Massive tropical corals are useful paleoenvironmental 

archives because their inclusive records can be accurately 
dated and sampled with subannual resolution for an array of 
geochemical tracers within their exoskeletons. Climate 
reconstructions with these archives have investigated inter-
annual to centennial-scale fluctuations yet seasonal variability 
is typically removed to examine anomalies. Intra-annual 
variability can provide useful insight into climate change as 
well as a means to constrain chronologies and assess fidelity of 
sampling methods. Corals do not grow at a constant rate thus it 
is important to capture the full seasonal cycle to avoid biasing 
the reconstruction toward the season with more growth. 
Porites spp. and Siderastrea siderea corals capture the full 
seasonal cycle with monthly samples for coral Sr/Ca, δ18O, and 
δ13C. Comparisons between S. siderea and Montastraea spp. 
corals growing in close proximity reveal seasonal cycles in 
coral Sr/Ca are reduced in Montastraea suggesting more time 
averaging per sample. Seasonal cycles are useful in detecting 
suboptimal sampling in Porites and S. siderea as well as 
missing and false years due to shifts in growth direction within 
a core. Despite the advantages of subannual sampling, the 
largest source of uncertainty in a monthly-resolved coral 
temperature reconstruction is the assignment of an absolute 
calendar month to an individual sample (±1–3 months) yet this 
uncertainty does not preclude examination of intra-annual or 
longer scale variability. 

Multi-century long coral records can provide insight into 
seasonal variability. For example: a monthly-resolved coral 
Sr/Ca record from the southeast Gulf of Mexico spanning 
1734–2008 reveals winter sea surface temperature (SST) 
extremes are more variable than summer SST extremes 
(±2.2ºC vs. ±1.6ºC) due to Loop Current transport. Summer 
SST failed to reach the thermal definition (>28.5ºC) of the 
Western Hemisphere Warm Pool (WHWP) for 35% of the 
years in the 1700s compared with 13% for the 20th century 
suggesting reductions in the WHWP during the Little Ice Age. 
Intra-annual variations in smaller corals are useful as well. 
Nine years of coral Sr/Ca and δ18O variations in an early 
Holocene Tahitian coral reveals approximately the same or 
greater seasonal variability suggesting shifts in hydrology. 
Regardless of coral record length, these archives are capable of 
providing insight into tropical seasonal climate variability. 
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Long-term reactive transport simulations involving 

multiphase hydrodynamics and chemical reactions in 
heterogeneous settings are computationally extremely 
challenging and therefore prone to oversimplifications. A one-
way coupling approach between hydrodynamics and reactive 
chemistry was therefore developed [1], [2] adapted to the 
typical conditions of underground CO2 storage: the time scale 
of chemical processes is much larger than that of the 
hydrodynamics, and no significant alteration of petrophysical 
reservoir properties attained before substantial hydraulic 
equilibrium is reached. Main advantage of this coupling 
strategy is the ability to efficiently use well resolved 
hydrodynamic simulations performed on grids in the order of 
millions of elements and only a few batch geochemical 
simulations, thus preserving the complexity of both processes. 
We demonstrate that the discrepancies between fully coupled 
and one-way coupled simulations fall in the range of 20-30% 
in the most unfavourable cases. The procedure used to validate 
the one-way coupling involved batch simulations of the 
reference geochemical model, then performing both, 
unreactive and fully coupled 3D reactive transport simulations, 
and finally applying the one-way coupling scheme based on 
the unreactive and geochemical batch model. Thereto, the 
TOUGHREACT [3] simulator was used. The most influential 
parameters for the converging of the two couplings are the 
degree of refinement of the spatial grid, the complexity and 
rate of mineral reactions, and a cut-off value for the minimum 
concentration of dissolved CO2 allowed to originate 
precipitates.  

The one-way coupling enabled the estimation of the 
mineral trapping potential at the Ketzin CO2 storage pilot site 
in Germany [4] over a time span of over 15.000 years 
otherwise inaccessible by fully coupled reactive transport 
simulations.  

 
[1]Klein et al (2013) Int J Greenh Gas Con 19, 720-730 
[2]Kempka et al (2013) Energy Procedia 37, 5419-5426 [3] 
Xu et al (2010) Comput Geosci 37(6), 763–774 [4] Martens et 
al (2012) Environ Earth Sci 67(2), 323-334 
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Low temperature fluids circulating in oceanic ridge-flanks 

play a major role in the heat and mass transfers between the 
crust and the ocean. In order to quantify the Mg and Si fluxes, 
we measured the dissolved Si and Mg isotopic compositions of 
pore water samples collected close to the sediment-basement 
interface of the eastern flank of the Juan de Fuca ridge along 
the E-W transect investigated during ODP Leg 168. Starting 
from the proximity of the ridge axis, δ26Mg and δ30Si first 
change from -1.0‰ down to -2.6‰ and +1.7‰ up to +2.1‰, 
respectively, but becomes heavier (up to -1.5‰) and lighter 
(down to +1.4‰) eastwards. These data are compatible with 
Mg and Si isotopic fractionations during a sequence of two 
types of reaction of seawater with the igneous crust: (1) uptake 
of Mg and Si by clays that preferentially incorporate heavy Mg 
and light Si; (2) a Mg lost with no major change in Si content 
but lighter δ30Si indicative of small proportions of silicate 
replacement by carbonates. These isotopic shifts in the 
circulating fluids suggest that the coupling of δ26Mg with δ30Si 
could potentially trace the Mg-Si gains and losses generated by 
the low temperature alteration of the oceanic crust by the off-
axis percolation of seawater. As such they could be a tool to 
quantify which proportion of the past changes in seawater 
Mg/Ca and Mg/Si might have been driven by fluctuations of 
hydrothermal activity and ridge flank circulation.  
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Hypersaline and acidic Andean lakes are considered a 

Mars analogue environment and studied as a model system for 
understanding the available energy sources for life 
development. Geological mapping, geochemical analysis of 
sediments, salts, bedrock and brines samples as well as the 
analysis of the associated microbiota were performed in the 
Gorbea Andean salt-flat in Northern Chile (25°24´S/ 
68°40´W). Ponds with acidic brines of the Cl-SO4-Na (-Mg) 
type reaching up to pH 1, surrounded by yellow efflorescences, 
were found in the distal part of an alluvial fan. Other ponds 
towards the basin center progressively increase in 
concentration due to evaporation. Brines are rich in aluminium 
(2–6000 mg L-1) and boron (5–21000 mg L-1) with 
considerable levels of manganese, lithium and iron. An 
advanced hydrothermal argillic alteration affecting the country 
rocks, native sulfur associated to active solfataras, alunite and 
jarosite occurrences in sediments and chloride and sulfate 
efflorescent salts were evidenced. The combination of 
geochemical, mineralogical and stable S and O isotopic 
composition results, allowed us to develop a preliminary 
scheme of the system. Low soluble arsenic concentration 
(0.004 and 24 mg L-1) results from the increased tendency for 
the removal of As from solution under acidic pH [1]. The 
microbial community in brines and sediments was dominated 
by Proteobacteria and Cyanobacteria and by Firmicutes, 
Proteobacteria and Actinobacteria, respectively. Sulfur, iron 
and arsenic oxidizing microbial activity were detected. 
Microbial growth via respiratory As(V) and S(VI) reduction, 
like the described in neutral Andean salt-flats[2], have only 
been noted in sediments over pH 4 using either organic or 
inorganic substrates. As conclusion, a highly restricted arsenic 
biogeochemical redox cycle has been evidenced in this acidic 
hypersaline environment. 

 
[1] Eary (1999) Appl Geochem 14: 963-987. [2] Demergasso et 
al (2007) Geomicrobiol J 24(2): 111-123. 
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The ability to build realistic models of the main crystal 

surfaces of olivines is crucial to investigate the fundamental 
interactions responsible for the wide range of chemical and 
physical processes occurring at the olivine interface. 

Due to the complexity of these processes, which include 
nucleation and dissolution, electron transfer, physical and 
chemical adsorption, the development of both force field and 
ab initio models is extremely important. In the last few years, a 
few papers takling the complex task of developing quantum-
mechanical [1-3] and classical [4-6] models have appeared, 
though a critical assessment of their performance has never 
been undertaken. On top of this, the main surfaces of olivine 
have been fully considered only with force field models, and 
only for the Mg end member (forsterite).[4,5] 

We present here an accurate ab initio study of the structure 
and surface energy of the (010), (101), (111), (001), (110), 
(120) and (021) surfaces of forsterite.[7] The ability of some of 
the most widely adopted DFT schemes to address this task is 
discussed. Gaussian type basis sets of different quality have 
been considered, including those recently developed by 
Peintinger et al. [8] allowing to perform solid state calculation 
at a TZVP level. 

 
[1] Coumans et al (2009) Mon. Not. R. Astron. Soc. 393, 1403–
1407. [2] Prigiobbe et al (2013) J. Phys. Chem. C 117, 21203-
21216. [3] Garcia-Gil et al (2013) J. Phys. Chem. C 117, 
12612-12621 [4] de Leeuw et al (2000) Phys. Chem. Miner. 
27, 332–341 [5] Watson et al (1997) Phys. Chem. Miner. 25, 
70–78 [6] Kerisit et al (2012) Geochim. Cosmochim. Acta 84, 
137–151 [7] Bruno et al (2014) J. Phys. Chem. C doi: 
10.1021/jp409837d [8] Peintinger et al. (2012) J. Comput. 
Chem. 34, 451-459 
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Computer models are nowadays able to provide a 

fundamental understanding of the atomic arrangement and 
properties of minerals in a wide range of conditions, including 
those not accessible by experimental techniques. Within this 
context, Density Functional Theory has been recently shown to 
provide satisfactory results in predicting structural and 
vibrational properties of biominerals such as anhydrous and 
hydrated calcium carbonates [1-3]. 

With regard to vibrational properties, infrared and Raman 
spectroscopies are two of the most widely employed 
investigation tools for minerals and materials. Though it is 
possible to obtain extremely accurate experimental spectra, the 
nature of the samples and the presence of impurities often 
impede a complete assignment of the peaks [4,5]. 

This work reports a combined experimental and theoretical 
study of calcium carbonate vibrational spectra that provides 
new insights into the structure of its crystallization 
intermediates [3]. This analysis allows several hypotheses to 
be tested [6,7] regarding the structure of vaterite against the 
spectra measured for both biogenic and abiogenic samples. 
 
[1] Carteret et al (2013) J. Chem. Phys. 138, 014201 [2] 
Demichelis et al (2013) J. Phys. Chem. C 117, 17814-17823 
[3] Demichelis et al (2014) J. Cryst. Growth doi: 
10.1016/j.jcrysgro.2013.10.064 [4] Wehrmeister et al (2010) J. 
Raman Spectrosc. 41,193–201 [5] Coleyshaw et al (2003) 
Spectrochim. Acta A 59 (2003) 2231-2239 [6] Kabalah-Amitai 
et al (2013) Science 340, 454-457 [7] Demichelis et al. (2013) 
Cryst. Growth Des. 13, 2247-2251 
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Ice Formations on Earth 

Of the many phases of ice, only the hexagonal 
modification of ice I is stable under the atmospheric and 
hydrospheric conditions on Earth. The habitability of this ice – 
its ability to support metabolic activity rather than simply 
preserve an organism – depends upon the existence of a liquid 
phase within the ice matrix which, in turn, is controlled by 
temperature, pressure and, importantly, the presence of 
impurities, mainly inorganic salts but also organic matter. 
Different types of ice formations, despite commonality of the 
crystalline structure of the ice itself, are constrained by 
different combinations of these factors. Glacial ice, for 
example, accounting for most of the ice on Earth 
volumetrically, contains the smallest amount of impurities; 
typically, a liquid phase is confined to nano- or micropores or 
films between ice crystals. At the other end of the spectrum 
lies sea ice, which can be highly porous with seawater-derived 
brine accounting for a few to > 10% of its total volume. 
Accordingly, sea ice is the most habitable of ice formations on 
Earth, supporting high rates of primary and secondary 
biological production during spring and summer. Even the 
most limited microbial activity in the nanofilms within glacial 
ice, however, may bear upon the evolution of life, while 
macroscale liquid flow associated with seasonal melt or 
heating at the base can support active microbial communities 
of diverse metabolisms. Across the range of ice formations on 
Earth, microbes have evolved unique means to tolerate and 
sometimes thrive under what appear to us as extreme 
conditions in ice. 
Ice Beyond Earth 

Beyond Earth, more extreme conditions allow for other 
types of ice formations, the habitability of which is unknown. 
Studies of deep-freezing or vitrification (relevant to Europa’s 
surface, for example), where water freezes to a glassy state 
without the formation of ice or retention of unfrozen liquid 
water, show that vitrification preserves organisms remarkably 
well, but does not provide a habitable ice formation. Sub-ice 
oceans exist on Europa, Enceladus and other solar bodies, 
however, implying gradients in their ice covers (more 
accessible than the oceans) where conditions could provide for 
a sufficient liquid phase to support active life, if all other 
requirements for life also exist. 
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Due to the rapid turnover of carbon [1] and high rates of 

nitrogen loss [2], intertidal flats may play an important role in 
the coastal biogeochemical cycles of organic matter and 
nutrients. However, few studies address tide-driven dynamics 
of dissolved carbon and nitrogen in the expansive tidal flats of 
the Yangtze River estuary, the largest esturary of China. Here 
we investigated the time-series variations of nutrients and 
organic matter in pore waters of those intertidal sediments over 
an exposure-inundation tidal cycle. The variation in pore-water 
profiles suggests that nitrate, replenished by the tidal current 
during inundation, was removed rapidly during exposure with 
an average rate of 457 μmol N m–2 h–1. The parallel whole-core 
incubations under static conditions confirmed the presence of 
nitrate consumption, with an average rate of 73 μmol N m–2 h–1 
over the 12 h experimental period. Therefore, the intertidal 
area of the Yangtze River was considered as a sink of nitrate. 
The pore-water dissolve organic carbon (DOC) concentrations 
stayed constantly in the range of 366-415 μmol L–1 and were 
~4 times more concentrated than the adjacent estuarine waters. 
The intertidal sediments, despite its organic-lean nature (total 
organic carbon content <0.15%), is likely to act as a DOC 
source to the estuary via interfacial fluid exchange [3] during 
flooding. The relatviely constant DOC over the ebb-flood 
cycle, as in strong contrast to the dynamics of nitrate, implies a 
metastable state maintained by swift decomposition and 
remineralization of organic matter. Further work including 
analysis of other constituents such as dissolved inorganic 
carbon and dissolved organic nitrogen will be carried out to 
better understand the coupling between nutrient cycling and 
organic matter degradation in this dynamic system. 

 
[1] D’Andrea et al (2002) Limnol. Oceanogr. 47, 1056-1070 
[2] Gao et al (2012) Limnol. Oceanogr., 57, 185-198 [3] 
Heuttel et al (1996) Limnol. Oceanogr. 41, 309-322 
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Isotope fractionation of micronutrients, e.g. zinc (Zn), 

copper, iron, could be used to trace the uptake and transport 
mechanisms of these elements in plants. In this work, nickel 
(Ni) and Zn hyperaccumulator (HA) and non-
hyperaccumulator (NHA) were investigated to explore the 
correlation between ion absorption strageties and isotope 
fractionation. 

A hydroponic culture experiment was conducted and three 
species, namely NHA Thlaspi arvense, Ni HA Alyssum murale 
and Ni/Zn HA Noccaea caerulescens, were cultivated in 
different Ni and Zn treatments. Ni and Zn isotope 
compositions in solutions and plant parts were analyzed. 

Results showed that plants were inclined to take up light 
isotopes for both elements, for instance, Δ60Niplant-solution could 
reach -0.63 to -0.90‰ in low Zn treatments. Ni concentration 
in HAs decreased 33-61% in high Zn treatment, which could 
be ascribed to Ni/Zn competition in the uptake process. 
Meanwhile, the Ni isotope fractionation also decreased 
drastically (Δ60Niplant-solution -0.07 to -0.11‰).  

For all species, the shoots showed a similar extent of light 
Zn enrichment relative to the roots (Δ66Znshoot-root around -
0.7‰), indicative of a similar xylem loading mechanism 
functioning in both NHAs and HA. By contrast, heavy isotopes 
of Ni enriched in the shoot of NHA (Δ60Nishoot-root 0.25‰) 
while HAs favored light isotopes (-0.14 to -0.47‰), probably 
reflecting different translocation strategies in these plants. 

We concluded that the isotope fractionation of certain 
element could be well-correlated with its uptake and transport 
mechanisms. Moreover, according to the data of this work and 
previous publications, we hypothesize that isotope 
fractionation in plants is controlled by not only transmembrane 
transport in root cells but also ion diffusion in rhizospheric 
solution.  
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High As groundwaters have been widely found in the 

Jianghan alluvial plain in the middle reaches of the Yangze 
river [1, 2].The seasonal variation of groundwater level and 
arsenic concentration of shallow aquifer were studied for a 
period of two years. Groundwater samples from 39 wells of 
different depths were monitored for arsenic speciation and 
other redox-sensitive constituents during pre-monsoon (May), 
monsoon (August) and post-monsoon (November) seasons.  

Arsenic concentration and speciation in groundwater 
varied temporally: the concentration of As(V) and particulate 
As were higher, together with lower dissovled Fe(II) and 
higher particulate Fe in most samples during the pre-monsoon 
seasons, As(V) decreased significantly during post-monsoon 
seasons. Higher As concentration were associated with an 
increasing percentage of As(III) in rainy season (July-Octorber) 
and a decrease towards the end of dry season (March-May), 
indicating a reductive moblization.  

Figure 1: Comparision of temporal variation of groundwater 
level and As concentration from 4 wells in the Jianghan Plain.  

Figure 2: Seasonal variation of As speciation in groundwater 
from 4 wells during pre-monsoon and post-monsoon. 
 
[1] Gan et al (2014) J Geochem Explor. 138:81-93 [2] Guo et 
al (2014) Appl Geochem. 41:196-217. 
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The Paleocene-Eocene Thermal Maximum (PETM) was a 
geologically abrupt global warming event that occurred 56 
million years ago. The PETM coincided with a negative carbon 
isotope excursion, suggesting a large release of 13C-depleted 
carbon to the atmosphere. In the modern, increased 
atmospheric CO2 concentrations and corresponding 
temperature and moisture changes are associated with 
increases in wildfire activity. 

In this study, a diverse suite of polycyclic aromatic 
hydrocarbons (PAHs), organic compounds produced as 
aerosols during combustion, were characterized and quantified 
in order to investigate evidence for fire during the PETM. We 
sampled intervals of cores from two sites in the Bighorn Basin, 
WY (Basin Substation and Polecat Bench), collected as part of 
the Bighorn Basin Coring Project (BBCP), and an outcrop 
section from the Piceance Creek Basin, CO. PAHs were 
evaluated using gas chromatography-mass spectrometry (GC-
MS) in selective ion monitoring (SIM) mode. We found a 
range of three- to seven-ring PAHs from phenanthrene to 
coronene. Total PAH concentrations normalized to total 
organic carbon (TOC) were comparable at all three sites, 
ranging from ~1 to 1000 μg/g TOC, but did not show a marked 
increase in PAHs during the PETM. At Basin Substation, PAH 
concentrations actually decreased by an order of magnitude in 
PETM samples, concurrent with a sharp decline in TOC. In 
addition, a greater proportion of high molecular weight (MW) 
PAHs relative to low MW PAHs were associated with low 
TOC samples, suggesting loss of low MW PAHs. Since low 
MW PAHs can be more susceptible to post-depositional 
processes, we attempt to use the relative proportion of high 
MW PAHs, TOC, and lithology to discern the signals of fire 
and signals of preservation. 
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Stable isotopes of oxygen from biogenic apatite are often 

used to reconstruct past terrestrial environments because, in the 
case of mammals, attributes of the food they eat, air they 
breathe and water they drink are recorded in their tooth 
enamel. Oxygen bound in the phosphate group of apatite is less 
sensitive to alteration (as compared to the carbonate group) 
during weathering or burial, therefore it is also an excellent 
target for reconstructing terrestrial environments from both the 
recent past (e.g., Plio-Pleistocene) and deep time (e.g., the Late 
Cretaceous and Paleocene).  

Here we review how aridity, dietary preference and 
changes in the local hydrological cycle are recorded in 
δ18Ophosphate of modern mammalian tooth enamel. In addition, 
we discuss the significance of 17O, an often overlooked stable 
isotope of oxygen, which can be used to reconstruct past 
atmospheric conditions (in particular, CO2 concentrations). We 
demonstrate how modern herbivores record their local 
environment by coupling new measurements of δ18Ophosphate to 
previously published δ18Ocarbonate [1] from Mpala and Tsavo, 
Kenya. We find that δ18Ophosphate varies by up to 10 ‰, with 
hippos and giraffes representing the end-member species 
acquiring water from drinking and leaves, respectively. We 
also report the isotopic composition of surface water and plant 
waters collected at Mpala, Kenya and use these data, along 
with an isotope mass balance model of mammalian body 
water, to interpret our δ18Ophosphate data. As expected, Mpala 
plant waters are enriched in δ18O and δD as compared to local 
surface waters. Therefore, the balance between water derived 
from food versus water from drinking is essential for 
interpreting enamel δ18O. The model is also used to predict the 
Δ17O of phosphate in modern east African environments, and 
demonstrate how variable atmospheric CO2 concentrations are 
likely to be reflected in phosphate Δ17O.  
 
[1] Levin, N.E., et al (2006), PNAS, v.103, p.11201-11205 
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Recent work has shown that there are thermal diffusion 

effects that generate large isotopic variations in silicate liquids 
over temperature intervals that are not uncommon in igneous 
systems. Most of the experiments that have been done used 
natural liquid compositions that are complex, hence it has been 
difficult to analyze the results in terms of thermodynamic 
driving forces. We have focused our work on simple liquid 
systems where mixing properties and partial molar quanitities 
are reasonably well know. The simplest system we have 
worked with is Albite-Anorthite, which is a nearly ideal liquid 
solution that behaves as a two-component system. We have 
done an inter-diffusion couple with low-An and moderate-An 
compositions, as well as a thermal diffusion experiment using 
an An20 starting composition. With these experiments we have 
measured the bulk Ca (or An) chemical diffusion coefficient, 
the ratio of the diffusion coefficients of 44Ca and 40Ca, and the 
thermal diffusion and thermal isotopic effects for the same 
overall liquid composition. Both the chemical diffusion couple 
and the thermal diffusion experiment yielded large Ca isotopic 
effects (5-8‰ in 44Ca/40Ca). The thermal experiment yielded a 
10% variation of An content over a ca. 75°C temperature 
difference, and a 5‰ range of 44Ca/40Ca. The data from the two 
experiments allow us to calculate the chemical and isotopic 
Soret coefficients as well as the thermal-chemical coupling 
constants, because we can also estimate dµ/dx from the mixing 
properties of Ab-An liquids and the endmember 
thermodynamic properties. Our data provide the most rigorous 
tests of models for both the thermal-chemical diffusion and 
thermal isotopic effects, and pose some interesting issues for 
interpreting the available data on natural basalt-rhyolite liquid 
compositions. 
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Weathering is an important process for landscape evolution 

in the Critical Zone but the role of climate in controlling 
weathering rates is poorly quantified. A transect of sites with 
varying mean annual temperature and precipitation rate has 
been established in the northern hemisphere as part of the 
Susquehanna Shale Hills Critical Zone Observatory to 
investigate the influence of climate on shale weathering. The 
transect consists of end members in Wales and Puerto Rico as 
well as sites in the Appalachian Mountains in New York, 
Pennsylvania, Virginia, Tennessee and Alabama. All sites are 
underlain by shale, the dominant lithology amongst 
sedimentary rocks on Earth and an important soil parent 
material. Weathering rates across these sites were determined 
using several different approaches. Shale weathering rates 
were calculated for ridgetop and slope topographic positions at 
all transect sites using soil geochemical profiles. On ridgetops, 
where water flow is largely vertical through the soil profile, the 
depth of soils and the extent of chemical depletion at the soil 
surface increases from north to south. At these ridgetop sites 
we observe a temperature dependence for Na loss, a proxy for 
feldspar weathering, with an apparent activation energy of 117 
± 30 kJ mol-1, after correction for erosion rate variation along 
the transect (measured with 10Be). Weathering on ridgetops 
progresses from kinetically limited at northern sites to 
transport limited in Puerto Rico. Similarly, we observe a 
temperature dependence for Mg loss, a proxy for chlorite 
weathering, with an apparent activation energy of about 60 kJ 
mol-1. On slopes, soils show chemical depletion similar to that 
of the ridgetop profiles but are shallower (~70 cm) and 
thickness does not vary much between sites. In contrast, the 
depth of ridgetop soils increases from shallow (~ 30 cm) in 
Wales and Pennsylvania to increasingly deep toward the south 
(632 cm in Puerto Rico). If we assume that the sites included 
in this climosequence are in steady state, where the erosion 
rate is in balance with the weathering advance rate, these 
observations would suggest that the thickness of regolith is 
controlled by the kinetics (and therefore climate) of the 
weathering system across these tectonically inactive sites. 
Results from this study can be compared to geochemical 
models of regolith weathering to project the impact of climate 
change on soil formation and landscape evolution. 
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With the development of LA-ICP-MS techniques it has 

become possible to analyze major, minor and trace element 
concentrations in fluid inclusions [1]. Thereby synthetic fluid 
inclusion studies have become the method of choice to study 
metal transport in hydrothermal fluids to provide key data 
necessary for the quantification of transport properties.  

To analyze fluid inclusions by LA-ICP-MS we have 
implemented a new technique, which is based on the 
combination of a fs-laser with a heating-freezing cell and a 
sectorfield ICP-MS [2]. The inclusion remains frozen during 
ablation with a fs-laser, resulting in an excellent control of the 
opening of the inclusions and considerably longer signal 
analysis time. We are able to successfully analyze fluid 
inclusions in excess of 8 µm size up to a depth of ca. 50 µm in 
quartz with a success rate of ca. 90%. The analytical 
uncertainties are <20% for the investigated elements.  

We conducted experiments in cold seal pressure vessels at 
T = 600-800°C and P = 200 MPa to unravel the parameters 
governing the transport of metals in granite related ore 
deposits. By combining two methods of host mineral 
pretreatment (thermal cracking [3] and HF etching [4]), we are 
able to synthesize fluid inclusions in quartz with a size in 
excess of 20 µm at T down to at least 400°C. Results for 
molybdenite (MoS2), scheelite (CaWO4), powellite (CaMoO4) 
and gold solubility in fluids of varying composition obtained at 
200 MPa and 600-800°C at different fO2 and fS2 will be 
presented. At 800°C Mo concentration in fluids in equilibrium 
with MoS2 ranges from 200-3500 ppm for different buffer 
systems and is in good agreement with data from [5]. Mo 
concentrations in equilibrium with CaMoO4 show slightly 
higher values (1800 ppm vs. 1300 ppm at Py-Po-Mag buffered 
conditions). In the investigated fO2/fS2 range gold 
concentration is ca. one magnitude lower (ca. 10 -400ppm). W 
concentration varies from ca. 1000-10000 ppm and is ca. 7000 
ppm at Py-Po-Mag. 

 
[1] Günther et al (1998), J Anal Atom Spectrom 13, 263-270 
[2] Albrecht et al (subm.), JAAS. [3] Sterner & Bodnar (1984), 
Geochim Cosmochim Ac 48, 2659-2668 [4] Li & Audetat 
(2009), Am Mineral 94, 367-371 [5] Zhang et al (2012) 
Geochim Cosmochim Ac 77, 175-185. 
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In recent years, synthesis of fluid inclusions and 
subsequent LA-ICP-MS analysis have become the method of 
choice in collecting thermodynamic data constraining the 
transport of metals in aqueous fluids. One of the main 
challenges in such studies is to guarantee that the fluid had 
reached equilibrium with respect to the investigated phases 
prior to its entrapment as fluid inclusion in the host mineral. 
Various methods have been suggested to delay healing of the 
host mineral or to (re-)open previously healed or new cracks 
after a defined length of time [1-3]. In experiments conducted 
at 800°C and 200 MPa we tested the effects of quartz 
pretreatment, pressure cycling and intermediate quenching on 
the formation of equilibrated fluid inclusions. Except for the 
pressure cycling, which resulted in fluid inclusion with a larger 
range of analyzed concentrations, all methods resulted in the 
formation of predominantly equilibrated fluid inclusions. 

We further tested the efficiency of the intermediate quench 
at 600°C (200 MPa) by forming fluid inclusion at 400°C after 
the quench. Both generations could be distinguished easily via 
microthermometry and show two distinct homogenization 
temperatures (Thom) that match the calculated Thom within the 
error of the method. Nevertheless, it was not possible to 
distinguish the two generations optically, in contrast to [1]. 
This would be crucial to limit the LA-ICP-MS analysis to fluid 
inclusions that formed after the intermediate quench. 

In addition to the time after which the fluid is trapped in 
annealing fractures, the kinetics of the dissolution of metals is 
crucial to ensure equilibration with the fluid before 
entrapment. We investigated the kinetics of dissolution of 
molybdenite, scheelite and gold in experiments at 800°C and 
200 MPa with runtimes ranging from 1.8h to 100h and found 
that Mo and Au concentrations achieve constant values after 
1.8h and W after 10h. As a consequence experimental 
durations can be designed much shorter than previously done, 
which is a great advantage when using solid mineral buffers. 
 
[1] Li & Audetat (2009), Am Mineral 94, 367-371 [2] Sterner 
et al (1988), Geochim Cosmochim Ac 52, 989-1005 [3] Zajacz 
et al (2010), Earth Planet Sc Lett 297, 50-56 
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Several studies have shown the interest of Zinc (Zn) and 
lead (Pb) isotopic compositions to track anthropogenic 
pollutions in surface water and groundwater [1-2]. However, 
given the low content in Pb and Zn in natural waters, several 
litres are needed to perform a single isotopic analysis by MC-
ICPMS. One solution is to use passive DGT (diffusive 
gradients in thin films) samplers for in-situ pre-concentration 
of these metals. In these devices, metals are immobilized in a 
layer of chelex resin after diffusion through a 0.76 mm 
polyacrylamide gel. These DGT passive samplers are already 
commonly used to determine the concentration of metals in 
surface waters [3]. The goal of this study is to validate the use 
of DGT samplers to determine also the isotopic signature of 
dissolved metals. We focused our work on Zn and Pb isotopic 
systems. This development was tested under laboratory 
conditions using mineral water (Volvic) spiked in Zn and Pb 
and natural groundwater. In this study we validate a protocol 
of extraction of Pb and Zn from Chelex resin with a yield close 
to 100% [4]. For Zn isotopes, a fractionation of 0.06‰ 
between dissolved and adsorbed metal is measured, likely 
related to diffusion processes. In the case of Pb, no measurable 
fractionation could be observed within the reported precision 
of MC-ICPMS measurements. However, in agreement with 
systematics of diffusion-driven fractionation in solution, this 
Zn fractionation is systematic, and can therefore be corrected 
[5]. 

These fist results suggest that DGT samplers are suitable 
for studies of the Zn and Pb isotopic composition in natural 
water. However, to test the applicability of passive samplers in 
groundwater, on going tests will be performed in an 
experimental system simulating a piezometer system. 
 
[1] Chen et al (2008), Environmental Science Technology, 42, 
6494–6501 [2] Elbaz-Poulichet et al (1986), Science of The 
Total Environment, 54, 61-76 [3] Tusseau-‐Vuillemin et al 
(2007), Science of The Total Environment, 375(1-‐3), 244-‐256 
[4] Malinovsky et al (2005), Analytica Chimica Acta, 537, 
401–405 [5] Richter et al (2006), Geochimica et al 
Cosmochimica Acta, 70, 277–289 
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The Loire River in Central France is approximately 1010 
km long and drains an area of 117 800 km2. Upstream, the 
Loire river flows south to north from the Massif Central to the 
city of Orléans, 650 km from its source. The Loire River is one 
of the main European riverine inputs to the Atlantic Ocean.  

We have chosen to analyze the isotope composition of 
copper (Cu), zinc (Zn) and lead (Pb), because many 
compagnies and industries such as nuclear power plants, food 
processing industries release directly in the Loire liquid 
effluents that are very rich in Cu, Zn and Pb (several hundreds 
of tons per year). Industrial sources responsible for the release 
of Cu-Zn-Pb within the Loire basin were sampled and analysed 
for their concentrations and corresponding isotope 
compositions. We also analyzed river waters (upstream to 
downstream) and suspended solids samples.  

Cu-Zn-Pb isotope compositions were measured using a 
Neptune MC-ICPMS at the BRGM. In order to analyse Cu and 
Zn, we carried out a two-steps analytical development: 1) a 
chromatographic separation, followed by 2) analysis on the 
MC-ICPMS. 

The first results for Zn and Pb isotopes in dissolved load 
show a very homogeneous Pb and Zn signature from upstream 
to downstream (0.2 variations in 206Pb/204Pb ratio and 0.15‰ in 
δ66Zn/64Zn value). Moreover, the Pb isotopic signature is close 
to geogenic domain. For Zn, the characterization of the 
geogenic signature is in progress. These results suggest the 
absence of substantial anthropic pollution in the Loire river 
waters. On the contrary, preliminary measurements on 
suspended matter suggest a more substantive anthropic 
contribution. Noteworthy, suspended matter is known to play a 
significant role in the riverine transport of heavy metals. As a 
consequence, precise studies of the interaction between the 
suspended and dissolved load will be necessary to assess the 
importance of the anthropic input within the Loire river.  
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The most striking feature of the global oceanic distribution 
of the stable isotope composition of dissolved silicon 
(expressed as δ30Si) is the systematic basin-scale gradient in 
δ30Si values observed in the deep Atlantic Ocean. 
Observational studies [1, 2] show that this deep water δ30Si 
variability is strongly controlled by the circulation of Atlantic 
deep waters: whilst Si-rich Antarctic Bottom Water bears a 
low δ30Si value, dissolved Si in Si-poor North Atlantic Deep 
Water is characterised by an elevated δ30Si signature otherwise 
only seen in the surface or near-surface ocean. 

Although the water-mass control on the deep Atlantic δ30Si 
distribution is clearly evinced by the data, there remains some 
disagreement as to the source of the North Atlantic δ30Si 
signature. Given what we know of the marine Si cycle, this 
signal must have its origins in the polar oceans – but at which 
pole, south [1] or north [2]? 

We utilise a series of ocean general circulation models [3] 
that trace the stable isotopic composition of dissolved Si as 
well as the sources of Si to the deep North Atlantic [e.g. 4] in 
order to assess the possible origins of this globally unique deep 
water isotopic signature, and present our results in comparison 
with the growing observational dataset from GEOTRACES [1, 
2]. 
 
[1] de Souza et al (2012) Glob. Biogeochem. Cyc. 26, doi: 
10.1029/2011GB004141 [2] Brzezinski & Jones (submitted) 
submitted to Deep. Sea Res. II [3] Gnanadesikan et al (2004) 
Glob. Biogeochem. Cyc. 18, doi:10.1029/2003GB002097 [4] 
Palter et al (2010), Biogeosci. 7, 3549-3568 
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Diatoms fractionate the stable isotopes of silicon (Si) when 
they form their opaline frustules, making the stable isotope 
composition of dissolved Si in seawater (expressed as diatoms 
fractionate the stable isotopes of silicon (Si) when they form 
their opaline frustules, makin cycling in the ocean. 
Observations of 
their opaline frustules, making the stable isotope composi 

We present results from an ocean general circulation 
model simulation that deconvolves the physical and biological 
controls on the oceanic de present results from an ocean 
general circulation model simulation that deconvolves the 
physical and biological controls on the oceanic 
their opaline frustules, making the stable isotope composiess th
e possible origins of this globally unique deep 
systematic meridional de present results from an ocean general 
circulation model simulation that deconvolves the physical and 
biological controls on the oceanic their opaline frustules, mak 

We also demonstrate that the de also demonstrate that the 
an general circulation model simmulation that deconvolves the 
physical and biological controls on the oceanic ssolved Si in 
seawater (expn. sed as e.g. 4] inl cycling related to dissolution 
of o importance of regionally dynamic Si cycling thus helps 
explain the observed strong physical control on the oceanic de 
also demonstrate that the an general circulation model 
simmulation that deconvolves the physical and biological 
controls on the oceanic ssolved Si in seawater (expn. sed as 
e.g. 4] inl cycling related to di 

Our results thus provide a mechanistic explanation for the 
observed δ30 Si distribution that emphasises the dominant 
importance of the Southern Ocean in the marine Si cycle. 
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Poços de Caldas region fits into the Mantiqueira Province, 
within Varginha Complex, which comprises amphibolitic to 
granulitic rocks. It corresponds to one of many intrusions that 
occurs in the Southern Brazil Alkaline Province, along two 
distinct alignments, in the NE direction along the Brazilian 
coast and another NW, which develops from the coast. 
Considered as a volcanic caldera, it comprises a suite of 
plutonic and volcanic rocks classified mainly as phonolites and 
nepheline syenite. The study site is in an outcrop soil that has 
approximately 8 m high and 50 m long, made up of a 
succession of different highly weathered materials defined by 
truncated horizons, where ten stratigraphic / pedoestratigraphic 
profiles were delimited. The mineralogical analysis and the 
major elements composition were quantified by X-ray 
diffractometer Siemens D 5000 and spectrometer Philips 
PW2400 respectively. The Hacker diagram and geochemical 
mass balance indicated that sodium, calcium, magnesium and 
potassium oxides are usually the first to be removed  
in the weathering process, followed by silica, which  
generallydoes not occur with the aluminum, titanium  
and iron oxides. Thus it was used the diagram 
(CaO+Na2O)/(Al2O3+Fe2O3+TiO2)/(K2O) that evaluated the 
samples behavior against weathering and indicated two trends 
of weathering for the profiles: (1) loss of Ca2+ and Na+, in 
order to form smectite that has already been weathered into 
kaolinite and oxide clays; (2) K+ loss to form illite, still present 
in the profiles, then kaolinite and oxides clays. This indicates 
in (1) an advanced weathering process (monossialitization and 
alitization), common in warm tropical zones with humid 
climates. And in (2) a moderate weathering (bissialitization, 
monossialitization and alitization) common in arid areas, also 
observed in molar ratio (SiO2/Al2O3) or ki index and X-ray 
diffraction. This dynamic can also be attributed to endogenous 
and exogenous processes, ie, fluctuations in water level 
indicated by paleo lakes traces (Plinthosols) superposed by 
flows of coarser sediments at the base of the profile and recent 
tectonic activity, indicated by levels of faulted laterites on the 
upper profiles. 
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It has been proposed recently that secondary organic 

aerosol (SOA) particles may exist in semi-solid or glassy states 
at certain conditions. Such (semi-)solid particle states have 
implications for gas-to-particle partitioning as well as for the 
kinetics of chemical reactions and water absorption. In 
addition, homogeneous ice nucleation may be inhibited in 
highly viscous aerosol droplets, but glassy aerosol particles 
may trigger heterogeneous ice nucleation instead. Finally, 
highly viscous semi-solid or glassy states may also affect 
liquid-liquid phase separation processes and the deliquescence 
of inorganic solutes in internally mixed organic/inorganic 
particles. 

While several previous studies have focused on either 
single-component organic proxies or multi-component SOA 
particles, we have studied the glass-forming behavior of two-
component particles in more detail. For this purpose we have 
developed a novel spray-drying technique that mimics the 
drying process of atmospheric aerosol particles. In particular, 
dilute aqueous solutions of single compounds or mixtures are 
atomized into sub-micrometer aerosol particles, which are 
dried subsequently at low humidity. The desiccated aerosol 
particles are collected by impaction into milligram samples and 
the glass transition temperature (Tg) of these particle samples 
are determined by differential scanning calorimetry (DSC). 

Here, we report Tg values of various organic/organic and 
organic/inorganic mixtures consisting of polyols, organic acids 
or sulfates. In particular, two marker compounds for α-pinene 
SOA such as pinonic acid and 3-methylbutane-1,2,3-
tricarboxylic acid were investigated. Variation of the dry mass 
fraction allowed for establishing a relation between Tg and the 
O:C ratio of the aerosols. Moreover, we have indications for 
independent glass formation of liquid-liquid phase separated 
organic/inorganic samples. 
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Over the last few decades, acquisition techniques of light 
stable lithium isotopes have been increasingly improved to 
investigate the lithium behaviour during pegmatite 
consolidation. Particularly, δ7Li signatures are mainly studied 
to trace the genetic filiation between granitic source and 
pegmatites. However, no study has been applied at pegmatite-
field scale. In the present study, we use lithium and its isotopes 
to investigate the fractionation process during pegmatite 
consolidation and to distinguish different pegmatite groups in 
the Monts d’Ambazac LCT- type pegmatite field (French 
Massif Central). The current classification is mainly based on 
mineralogical observations, and the description of internal 
structures. However, no classification is currently based on 
geochemical and/or stable isotopic data. We collected biotite, 
muscovite and lepidolite crystals from the same unit of 9 
pegmatites which present variable differentiation degrees. 
After an initial chemical lithium- separation, measurements of 
lithium isotopes were performed using the double focusing 
Neptune MC-ICP-MS (ThermoFinnigan). Our preliminary 
results provide a δ7Li (‰) range of high quality applied to 
describe granitic pegmatites and to investigate Li behaviour in 
silicate melts. Different pegmatite groups have been 
differentiated they are different from those obtained from 
mineralogical classification. Finally, the geochemical data set 
provides good keys to analyse the impact of fluxes elements as 
Be, B and F on the δ7Li signatures interpretation.  
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Formation of carbonates, iron oxides, and other minerals 

often occurs in the context of macromolecular martrices. 
Insoluble matrices present functional surfaces believed to exert 
control over the nucleation phase, while soluble species inpact 
growth morphology, as well as the kinetics of solute and 
impurity incorporation into the growing crystal. Recent 
chemical analyses, microscopy studies, and computer 
simulations suggest mineral formation starts with pre-
nucleation clusters and proceeds by particle-mediated growth 
processes involving amorphous or liquid-like precursors, 
evntually forming a mesocrystal. Here we use results from in 
situ TEM, AFM and optical studies of CaCO3 nucleation and 
growth in the presence of insoluble and soluble organic 
matrices to critically evaluate the mechanisms underlying these 
processes, as well as the role played by the organics.  

Using alkane thiol self-assembled monolayers (SAMs) to 
explore the effect of insoluble organic surfaces on nucleation, 
we find that calcite nucleation is described well in purely 
classical terms through a reduction in the nucleation barrier 
due to decreased interfacial free energy, which scales linearly 
with SAM-crystal binding free energy, as expected classically. 
The results provide a mechanistic basis for the conventional 
wisdom that good binders are good nucleators. 

Introduction of a polyionic macromolecule, which acts as a 
surrogate for highly acidic proteins and complexes calcium, 
leads to formation of a globule phase. The first mineral appears 
within these globules and is amorphous calcium carbonate 
(ACC). Once ACC is replaced by calcite crystals, the 
macromolecules interact with the atomic steps on the growing 
surface of the crystals. As with simple acidic amino acids and 
peptides, this leads to step pinning, stabilization of new step 
directions, and extreme roughening of the surface. The 
resulting crystals have the outward appearance of 
mesocrystals, but form through completely classical 
mechanisms. These results provide a mechanistic picture of 
nucleation and growth in the context of organic matrices. 
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It remains difficult to understand the significance of 

regional case studies in evaluating the composition of 
new/juvenile continental crust and hence the conditions and 
tectonic setting(s) under which it was formed, particularly 
before 3 Ga. Less than 5% of the geological record consists of 
rocks older than 3 Ga, and there are no known rocks older than 
4 Ga. Yet models based on the U-Pb, Hf and O isotope ratios 
of detrital zircons suggest that at least ~60-70% of the present 
volume of the continental crust had been generated by 3 Ga. 
The sedimentary record is biased by preferential sampling of 
relatively young material in their source terrains. The 
implication is that there were greater volumes of continental 
crust in the Archaean than might be inferred from the 
compositions of detrital zircons and sediments. 

The growth of the continental crust was a continuous rather 
than an episodic process, but the rates of continental growth 
were significantly higher before 3 Ga than subsequently. There 
is a strong positive correlation between the Rb/Sr and the SiO2 
content of the crust, and thus the time-integrated 87Rb/86Sr ratio 
can be used as a proxy for the bulk composition of the new 
continental crust through time. The time-integrated Rb/Sr 
ratios, and the average SiO2 contents, indicate that new 
continental crust was largely mafic over the first 1.5 Ga of 
Earth’s evolution, and that significant volumes of pre-3 Ga 
crust may have been associated with intraplate magmatism. 
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The most rapid and sustained period of biological 
diversification in Earth’s history occurred between 485 and 
455 million years ago in the Early and Middle Ordovician 
period. This event, known as the Great Ordovician 
Biodiversification Event (GOBE), took place as a series of 
discrete pulses of very rapid genera- and species-level 
originations. One of the largest of these pulses occurred during 
the Darriwilian stage of the Middle Ordovician, in close 
temporal proximity to the Mid-Darriwilian Carbon Isotope 
Excursion (MDICE). The MDICE, the focus of this study, is 
the first in a series of Middle and Late Ordovician carbon 
isotope excursions and serves as an important temporal 
indicator of biogeochemical cycles that were shifting away 
from steady state. 

We have examined a Middle Ordovician carbonate 
sequence from western Nevada. A correlation of this sequence 
to several Estonian drill cores, previously documented to 
capture the MDICE, is made based on carbon isotope 
stratigraphy and supported by paleontological evidence. Paired 
carbon isotope data from carbonate and organic matter in our 
section are presented at high temporal resolution to assess any 
changes in the degree of biological fractionation of carbon 
(Δ13C) during the event. These paired results show a stepwise 
increase in Δ13C of approximately 3‰ coincident with the 
onset of the δ13C excursion in carbonate carbon.  

The efficiency of carbon isotope fractionation in 
photosynthetic organisms has been shown to scale with the 
partial pressure of O2. The observed increase in Δ13C of 3‰ is 
consistent with an increase of 15% or more in atmospheric O2 
concentration (i.e., an increase from 10% O2 to >25%). 
Furthermore, a rise in pO2 as the mechanism for the observed 
Δ13C increase is supported by the interpretation of the MDICE 
as an organic carbon burial event. 

A high resolution carbonate associated sulfate (CAS) 
isotope stratigraphy is also presented for our section. The 
combination of variability in the δ13Ccarbonate and δ34SCAS records 
act as an independent proxy for the net addition of oxygen into 
the atmosphere via the burial of reduced carbon and sulfur 
species, specifically organic carbon and pyrite. 
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Metal-respiring microorganisms drive a wide range of 

environmentally significant and energy-related processes. 
Metal-respiring microorganisms are also deeply rooted and 
scattered throughout the domains Bacteria and Archaea, an 
indication that microbial metal respiration may represent an 
ancient metabolic process. Despite their environmental and 
evolutionary significance, the molecular mechanism of 
microbial metal respiration remains poorly understood. Metal-
respiring microorganisms are presented with a unique 
physiological problem: they are required to respire 
anaerobically on metal oxides unable to contact intracellular 
respiratory systems. To overcome this problem, metal-
respiring microorganisms employ novel respiratory strategies, 
including 1) direct enzymatic reduction catalyzed by metal 
reductases located on the cell surface or on electroactive 
appendages, 2) electron shuttling to external metal oxides by 
microbially-produced metabolites, and 3) metal solubilization 
by microbially-produced organic ligands followed by uptake 
and respiration of the soluble organic-metal complexes. The 
talk will present our latest findings on the molecular 
mechanism of microbial metal respiration, with special 
emphasis on the molecular details associated with the metal 
solubilization pathway. 
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We mapped the MAR from 16° to 17°N, including 2 major 
core complexes, and an intervening smaller complex bounded 
by back-tilted volcanic blocks. The southern complex faces a 
large axial volcanic high, while a deep axial rift faces the 
northern complex. At the northern complex Intermingled 
peridotite, gabbro, and mylonites were abundant with minor 
diabase, while at the central complex peridotite was abundant 
with subordinate diabase, and at the southern complex only 
abundant greenschist pillow basalt, diabase and minor 
peridotite were found.  

In the North the scarcity of dikes and greenschist pillow 
lavas, together with an abundance of peridotites and 
intermingled gabbros can be expected from beneath a magma-
poor rift; consistent with a veneer of pillow lavas over 
scattered dikes and small gabbro bodies in partially 
serpentinized peridotite. In the south there should be a thick 
dike section due to robust magmatism, making it difficult to 
expose underlying gabbros. Moreover, while massive gabbros 
on a fault surface are very difficult to sample, the core 
complexes were also short-lived, with heaves <10 km exposing 
only pillow lavas and dikes for much of their length. 

The 16°30’ Core Complex resembles the Kane Complex at 
23°N, which consisted of a weak magmatic center in the north, 
a larger complex to the south, and central area where only 
peridotite and dike and pillow lava hanging wall debris are 
exposed. These magmatic centers also were ephemeral, lasting 
100’s of thousands of years before fading away. The spacing 
of the magmatic centers, however, was shorter than at 
16°30’N. These systematics again appear at ultraslow 
spreading ridges, where amagmatic spreading segments link 
with widely spaced magmatic centers, often 100’s of 
kilometers apart to form curvilinear plate boundaries. Thus, at 
slower spreading ridges, melt flow through the mantle to the 
crust is focused to discrete points along ridge axes, and not 
necessarily to the midpoint of 2nd order segments, while the 
spacing appears a function of magma supply rate, decreasing 
with melt supply beneath the ridge. 
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A common explanation for the occurrence of base metal 

sulfide deposits in organic-rich sediments is that reduction of 
sulfate by oxidation of organic matter provides the necessary 
sulfide. Genetic models for the Here’s Your Chance (HYC) 
Pb-Zn deposit differ in the timing, location and temperature of 
sulfate reduction, which has been regarded to occur primarily 
through syngenetic biological sulfate reduction (BSR) in the 
water column or through syndiagenetic BSR and/or 
thermochemical sulfate reduction in sediments. To date, 
inorganic and organic analyses, and textural and isotopic 
evidence have led to conflicting conclusions about the relative 
importance of these models. 

An additional line of evidence, previously not reported for 
HYC, is consideration of carbon, sulfur and redox budget 
balances. These mass balance constraints can be quantified by 
comparison of the sulfide mineral content and organic carbon 
content and H/C ratios of mineralised and non-mineralised 
rocks representative of the ore and protolith, respectively. Our 
calculations suggest that the organic matter present at HYC is 
insufficient for formation of the known mineral resource by 
sulfate reduction coupled to oxidation of organic matter within 
the protolith. Inclusion of pyrite replacement in the model also 
does not lead to the observed amounts of Pb,Zn-sulfide 
minerals. 

The calculations indicate that externally derived reducing 
capacity and/or reduced sulfur is required to account for the 
observed metal resource. Possible sources include methane-
rich fluids from deeper parts of the sedimentary sequence, or 
production of BSR sulfide before the influx of metal-bearing 
fluids and subsequent transport into the ore zone from nearby 
sediments. These results imply that models having a single 
major source of redox budget for sulfate reduction may not be 
consistent with all available evidence. 
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Predicting and managing the fate and transport of long-
lived radionuclides, such as technetium (Tc-99), after being 
released from caustic nuclear waste forms contained in a 
geologic disposal system represents a key component of the 
overall safety evaluation and is critical to closing the nuclear 
fuel cycle. Tc-99, a long-lived by-product of the nuclear fuel 
cycle, has a long halflife (211,000 y) and high mobility in 
oxidized subsurface environments. For example, Tc-99 
contamination has occurred at select DOE waste sites and in 
sediments beneath the high-level waste (HLW) storage tanks at 
the Hanford Site in Washington 

State. Over the years, these storage tanks have leaked 
caustic, Alrich, and high ionic strength (mainly NaNO3 salt) 
HLW solutions to the environment. Modeling the migration of 
known Tc-99 releases (5.31x103 Ci) to ground water at 
Hanford led to prediction of its groundwater concentrations in 
excess of the 0.4 nmol/L MCL [4]. However, nearly half a 
century after the release, most of the Tc-99 persists in the deep 
subsurface sediment in non-labile phases. Previous studies 
demonstrated Sr-90 and Cs-137 incorporation into feldspathoid 
minerals, such as sodalite [Na8(Al6Si6O24)(X)n, where X is an 
anion], that form when Hanford primary silicate minerals react 
with HLW solutions [1, 2]. The potential to immobilize 
pertechnetate (TcO4-) in the subsurface or in engineered waste 
stream reactors is the subject of this investigation. We use 
perrhenate (ReO4-) as a chemical analog for TcO4 - because of 
the similarity in ionic radius and chemical behavior under oxic 
conditions [3]. 

To elucidate the influence of competing anions contained 
in the HLW solution, specifically Cl−, CO3 2−, NO3−, SO42−, 
MnO4 − and WO4 2− on ReO4 - incorporation into sodalite, we 
synthesized mixed sodalites with equivalent concentrations of 
the two anions. The resulting solids were characterized. Data 
showed that Re was immobilized in the mixed anion sodalites 
as Re(VII) and only those anions possessing similar valency, 
electronegativity and a difference in ionic radii of ≤15% are 
expected to foster significant ReO4 incorporation into the 
mixed sodalite lattice. Therefore, Tc-99 released under the 
Hanford tanks with high concentrations of NO3 and other small 
anions is unlikely to be sequestered into sodalite. 

 
[1] Chorover, J., Choi, S., Rotenberg, P., Serne, R.J., Rivera, 
N., Strepka, C., Thompson, A., Mueller, K.T., O'Day, P.A., 
2008, Eochimica et Cosmochimica Acta 72, 2024-2047 [2] 
Deng, Y., Harsh, J.B., Flury, M., Young, J.S., and Boyle, J.S. 
2006, Applied Geochemistry, 21, 1392-1409 [3] Icenhower, 
J.P., NP Qafoku, JM Zachara, and WJ Martin. (2010). 
American Journal of Science, 310, p.721-752 [4] USDOE. 
Vadose zone characterization project at the Hanford tank 
farms: AX tank farm report; 1997. 
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Terrestrial biomarkers, and their carbon isotopes, provide 

unique insights to ecosystem and climate change ranging from 
local to global scales and at ever increasing temporal 
resolution. Over the past decade, considerable efforts have 
been made to constrain carbon and water cycling, especially 
during periods of rapid climate change, such as the Eocene 
hyperthermal events. Global and regional replication of time 
intervals of great interest has expanded the information 
available, but has also complicated interpretations due to 
‘disagreement’ between records. This has led to questions 
regarding the fidelity of isotope records, the sensitivity of the 
isotope record to climate, and the best practices to reconcile 
records. But, at the same time, this has led to new exciting 
information on ecosystem response to climate change. Modern 
biomarker and isotope calibrations provide means to reconcile 
and improve records and to place quantitative constraints on 
their interpretations, by removing competing influences of 
climate, ecosystem, and biology, but calibration generation has 
considerably lagged record generation.  

We provide a summary of the insights from modern 
calibrations and best practices for reconciling biomarker 
carbon isotope records for interpreting ecosystem change and 
carbon cycling in the geologic past, especially during time 
intervals that deviate from present day. Future studies must 
reduce the biological ‘noise’ to further improve the 
quantitative nature of biomarker and isotope records to 
continue expanding the information available in the geologic 
record.  
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In a variety of hydrous, oxidized arc magmas, sulfur 
species are strongly dominated by oxidized sulfate (S6+O4

2-) 
that is incorporated into apatite and sometimes preserved as 
igneous anhydrite. In situ sulfur isotopic data were obtained 
using the WiscSIMS Cameca 1280 instrument on anhydrite 
inclusions in mafic silicates and phenocrysts from andesite and 
dacite. Using a 8 micron diameter ion beam, our Balmat 
anhydrite standard (BT4) demonstrates a spot-to-spot precision 
of better than ±0.3‰ (2SD). Accuracy on unknowns is 
degraded by polishing relief of soft anhydrite inclusions but is 
better than ±1‰.  

Phenocrystic and inclusion anhydrite from the 12 June 
1991 Pinatubo eruption has a δ34S value of 7.7 ± 1.3‰ (CDT, 
2SD, n=18) compared to older SHRIMP data with a larger 
range (6 to 16‰, [1]). Anhydrite inclusions in amphibole and 
pyroxene from the sulfur-rich 13 to 11 Ma andesite and dacite 
at Yanacocha, Peru [2], span a narrow range of δ34S (5 to 7‰). 
Compositions are similar for inclusions trapped in both high- 
and low-pressure amphiboles (~6 kb & 2 kb). Pinatubo 
phenocrysts are unzoned in δ34S, consistent with the 
breakdown of magmatic anhydrite to produce SO2 and H2S gas 
species as a kinetic process without isotopic fractionation. 
Therefore, the anhydrite isotopic composition likely accurately 
reflects bulk sulfur isotopic composition of the magma and 
evolved magmatic gases. 

The Yanacocha and Pinatubo data are consistent with a 
narrow but isotopically heavy range of sulfur isotopic 
compositions of arc magmas from ~5 to 10‰. Previous 
conventional analyses of anhydrite phenocrysts reported δ34S 
of ~9‰ and 5‰ from El Chichon, Mexico [3] and Julcani, 
Peru [4], respectively. The isotopic composition of sulfur from 
porphyry copper deposits also suggests arc magmas have 
variable but isotopically heavy values (~5-10‰). Thus, arc 
magmatic sulfate could be partly derived from sea water 
sulfate (+15 to +20‰) via subduction zones, or mid- to deep-
crustal sulfide or sulfate derived via crustal assimilation.  
 
[1] McKibben et al (1996) Fire & Mud, 825-843 [2] 
Chambefort et al (2008), Geology 36, 719-722 [3] Rye et al 
(1992) J. Volc. Geoth. Res. 23, 109-123 [4] Deen et al (2006) 
Econ. Geol. 89, 1924-1938 
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The crystallization of magnesite (MgCO3), siderite 
(FeCO3), and (Mg,Fe)CO3 solid solutions has gained 
increasing attention in the last few years, due to the relevance 
of these phases in the carbonation of silicate minerals and other 
phenomena related to the geological storage of the 
anthropogenic CO2 emissions [1]. Despite this increasing 
interest there are still many aspects that remain poorly known, 
some of them concerning the precipitation behavior of 
magnesite. 

Although the thermodynamic stability of magnesite has 
been considered to be higher than the stability of other related 
mineral phases, the precipitation of this mineral at room 
temperature seems to be strongly hindered by kinetic reasons. 
Hydromagnesite Mg5(CO3)4·(OH)2·4H2O, and other hydrated 
carbonates tend to precipitate under these conditions, in many 
cases as low-crystallinity phases. The subsequent solvent-
mediated transformation of these precursor phases requires a 
extremely long induction period at temperatures < 60ºC. Here 
we investigate the kinectics of the coupled dissolution, 
nucleation, and growth processes occurring during the solvent-
mediated transformation of hydromagnesite into magnesite at 
different temperatures (50-180 ºC) and pressures (from 1 to 10 
bars). The starting hydromagnesite was obtained by mixing 
MgCl2 and Na2CO3 aqueous solutions at 25°C. The precipitate 
was then aged in a closed reactor. The evolution of the aqueous 
phase was monitored by ICP-MS and alkalimetry. The 
mineralogical compositon of the solids was studied by powder 
X-ray diffraction and Rietveld analysis. From these data we 
have explored the transformation behaviour by analyzing the 
shape of the “desupersaturation profiles”, according to the 
protocol proposed by Cardew & Davey [2] for solvent-
mediated transformations. Kinetic modelling based on the 
Avrami equation was also performed in order to obtain an 
empirical activation energy for the whole transformation 
process.  
 
[1] Oelkers & Schott (2005) Chem. Geol. 217, 183-186 [2] 
Cardew & Davey (1985) Proc. R. Soc. Lond. A 398, 415-428 
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Building upon our successful development and application 

of the Multi-angle Imaging SpectroRadiometer (MISR) on 
NASA’s Terra spacecraft to aerosol remote sensing [1], we are 
maturing technologies and algorithms for a next-generation 
global satellite imager, the Multiangle SpectroPolarimetric 
Imager (MSPI). MSPI extends MISR’s multiangle visible and 
near-infrared observations to the ultraviolet (UV) and 
shortwave infrared (SWIR), and acquires highly accurate 
degree of linear polarization (DOLP) imagery in selected 
bands using a novel photoelastic modulator-based technique. 
Our first airborne prototype, AirMSPI [2], flies on NASA’s 
high-altitude ER-2 aircraft, and includes 8 bands from 355-935 
nm, with polarization channels at 470, 660, and 865 nm. A 
second prototype that includes SWIR bands, AirMSPI-2, is 
currently being built. 

A coupled aerosol-surface retrieval algorithm to exploit 
MSPI capabilities is also under development. A vector Markov 
chain/adding radiative transfer model [3] is used to achieve 
high computational efficiency. The retrievals employ 
maximum likelihood inversion with constraints on the spectral 
variation in angular shapes of surface bidirectional reflectance, 
along with constraints on the spatial and temporal variability, 
respectively, of aerosol and surface properties. Multi-pixel 
methods, with the assumption of invariant [4] or smooth [5] 
changes of aerosol properties across neighboring pixels are 
incorporated. The use of a chemical transport model to further 
constrain particle properties, especially for application to 
studies of air quality impacts on human health, is also being 
explored. 

In this paper, the benefits of UV and polarization channels 
for enhanced sensitivity to aerosol absorption and size 
distribution [2, 6] over land, ocean, and clouds, and the use of 
optimization methods in comparison to look-up table 
approaches, are illustrated using MISR and AirMSPI data.  

 
[1] Diner et al (2005) Rem. Sens. Environ. 97, 495-518 [2] 
Diner et al (2013) Atmos. Meas. Tech. 6, 2007-2025 [3] Xu et 
al (2011) Opt. Lett. 36, 2083-2085 [4] Martonchik et al (2002) 
TGARS 40, 1520-1531 [5] Dubovik et al (2011) Atmos. Meas. 
Tech. 4, 975-1018 [6] Kalashnikova et al (2011) JQSRT 112, 
2149-2163 
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The chemical and isotopic characteristics of the dissolved 
materials in the Yangtze River water were investigated on the 
samples collected during 2003~2007.  

The major ions of the river water are HCO3
－, SO4

2-, Cl－, 
NO3

－, SiO4
4-, F－, Ca2+, Na+, Mg2+, K+ and Sr2+. The good 

correlation between contents of HCO3
- and Ca2+ and the pretty 

good correlations among contents of Cl-, SO4
2, Na+, Mg2+, K+ 

and Sr2+ reflects the dominate contribution of carbonate 
dissolution and important contribution of evaporite dissolution 
to the total dissolved solid (TDS) of the Yangtze River, 
respectively. High TDS found in the head water reflects a 
strong effect of evaporation in the Qinghai-Tibet Plateau and 
small increase of the TDS observed in the river mouth reflects 
the influence of tidal intrusion. The increase trend of F－ and 
NO3

－ contents from the upstream to downstream reflects the 
contribution of pesticides and fertilizers. The high Cu, Zn and 
Cd contents reflect the effect of intensive mining activity in the 
Yangtze drainage area. 

The δ30SiDiss values of the Yangtze water (0.5‰~3.7‰) are 
the highest among those of the rivers studied and show an 
increase trend from the upper stream to downstream. Its DSi 
and δ30SiDiss are influenced by multiple processes, such as 
silicate weathering, growth and dissolution of phytolith and 
fresh water diatom, adsorption and desorption on iron oxide, 
precipitation of silcretes and clays. The δ34SSO4 values of the 
Yangtze water (-1.7‰~9.0‰) are affected by the relative 
contribution of the SO4 in meteoric water, the dissolved 
sulphate from evaporite, and oxidation of sulphide in rocks, 
coal and ore deposits. The 87Sr/86Sr ratios of the Yangtze water 
(0.70823~0.71590) are primarily controlled by mixing of 
various sources (limestone, evaporite and silicate rock) with 
different 87Sr/86Sr ratios and Sr contents. The δ11B values of the 
dissolved B in the Yangtze water (2.0‰~18.3‰) are affected 
by silicate and carbonate weathering, evaporite dissolution, 
atmospheric deposition, and anthropogenic inputs. 



 Goldschmidt2014 Abstracts  

 

560 

560 

Hydrolysis of niobium and tantalum 
fluoride complexes: implication on 

Nb/Ta fractionation 
XING DING1*, YURONG WANG2 AND WEIDONG SUN3 

1State Key Laboratory of Isotope Geochemistry, Chinese 
Academy of Sciences, Guangzhou, P. R. China, 
xding@gig.ac.cn (* presenting author) 

2Key Laboraotry of Mineralogy and Metallogeny, Chinese 
Academy of Sciences, Guangzhou, P. R. China, 
kanwang@gig.ac.cn 

3Key Laboraotry of Mineralogy and Metallogeny, Chinese 
Academy of Sciences, Guangzhou, P. R. China, 
weidongsun@gig.ac.cn 

 
Niobium and tantalum have long been regarded as 

geochemical “identical twins” because of their similar 
geochemical behaviours. However, significant Nb/Ta 
fractionations often can be observed not only in a single 
mineral, but also during the formation of the continental crust 
and ore deposits[1-4]. It is still hotly debated regarding to the 
mechanism on Nb/Ta fractionation. Here we report discrepant 
hydrolysis behaviours between Nb and Ta in fluorine-bearing 
fluids, a new explanation on Nb/Ta fractionation in 
corresponse to the environmental change. 

A series of hydrolysis experiments under the conditions of 
200-550℃ and 1-2 kbar were conduct using synthetic 
K2NbOF5·H2O and K2TaF7. In the hydrothermal conditions the 
Nb and Ta fluorides hydrolyze gradually to form different 
complex species through ion exchange between F- in the 
fluorides and OH- in the H2O. Take K2TaF7 for example, it 
hydrolyzes firstly to form [TaF6(OH)]2-, [TaF5(OH)2]2-, and 
[TaF4(OH)3]2-, etc., and finally to [Ta(OH)7]2-, which easily 
reacts with H+ to produce Ta2O5 deposit in the acid fluids. Our 
experimental results indicate that, i) the ultimate hydrolysis 
ratio of Nb or Ta fluoride complex, which represents the 
amount of deposit, is enhanced with the pressure and 
especially the temperature increasing and the concentration 
reducing; and ii) usually more Ta fluoride than Nb fluoride 
hydrolyzes on various temperature or pressure. Discrepant 
hydrolysis behaviours between Nb and Ta fluoride complexes 
can induce not only Nb moving more easily than Ta, but Nb/Ta 
self-fractionation in fluorine-bearing fluids due to the falling of 
temperature or pressure.  

 
[1] Ding et al (2013) J. Geol. 121, 255-274 [2] Xiao et al 
(2006) Geochim. Cosmochim. Acta 70, 4770-4782 [3] Liang et 
al (2009) Chemi. Geol. 268, 27-40 [4] Ding et al (2009) Int. 
Geol. Rev. 51, 473-501 
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Volcanic eruptions: Geomaterials 
under physical and chemical stress 
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The cataclysmic process by which molten lithosphere 
breaches the Earth´s surface is one of the most spectacularly 
complex physico-chemical events on our planet. The multitude 
of phenomena accompanying this transit all leave to a greater 
or lesser extent, their mark on the Earth´s hydrosphere, 
atmosphere and biosphere. 

Substantial progress has been made in the description of 
the processes immediately preceding and accompanying the 
eruptive process. A full description of these processes must 
cover the complex materials transition from petrological 
reactions up to ascent through physical failure in explosions to 
chemical interactions between the eruptive products. 

All of this takes place in a system that is more-or-less melt-
hosted, with the spectacular added complexity that this hosting 
phase transforms from fluid to solid during the event. 

Sorting out the relative efficiency of petrological, physical 
and chemical processes in eruption scenarios is aided by a 
number of sources of information in the geomaterials; 
including the analysis of phase state, proportions and texture; 
particles, fractures and glass state; and chemical gradients, 
reaction products and glass stability. 

All of these fronts are now the subject of intense 
experimental investigations. Many qualitatively profound 
observations are being generated. They all shed light on the 
remarkable diversity of melt-based system response in both the 
liquid and glassy states. One of the defining features of a 
“living” as opposed to a dead planet. 
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We performed a geochemical investigation on rocks and 
fluid inclusions (FIs) hosted in olivine crystals contained in 
Turrialba rocks from the last 7ka, as well as on fumarolic 
gases. The study was aimed to understand both the 
geochemical characteristic of the magmatic source below 
Turrialba volcano and the present state of unrest. The suite of 
analyzed rocks display a calc-alkaline affinity, ranging in 
composition from basaltic-andesite (SiO2=52.5 wt % and 
MgO=6 wt %) to dacite. The pattern of trace elements is 
compatible with a subduction-related geodynamic context, but 
an OIB-like signature at the source was also recognized. Sr and 
Nd isotopes (87Sr/86Sr = 0.703612–0.703678; 143Nd/144Nd = 
0.512960–0.512968) indicated that Turrialba magmas derived 
from one of the less contaminated source feeding the entire 
Central America. The 3He/4He ratio of FIs from the most mafic 
eruptive products varies from 7.86 to 8.07 Ra, while that from 
andesite lavas ranges from 7.03 to 7.18 Ra. Olivine xenocrysts 
hosted in a dacitic rock display very high He isotopic values 
(7.95 Ra), similar to the basaltic ones. This signature of 
3He/4He ratio is typical of arc volcanoes (7-8 Ra) in which the 
contamination of the mantle wedge by crustal fluids is small to 
negligible. Crater Fumaroles sampled during the unrest phase 
have an He isotope composition of 7.50-7.96 Ra, well in the 
range of that measured in FIs. Therefore, we assume that 
magma involved in the ongoing unrest (up to 2011) has 
petrological and geochemical features comparable to the 
basaltic-andesite rocks analyzed in this study. By comparing 
our data with previous investigations, we finally infer that the 
variations of 3He/4He ratio observed between 1998-2011 are 
reasonably related to a refill of the plumbing system by 3He-
rich magmas rising directly from the mantle. 
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Artisanal and small-scale gold mining (ASGM) represents 
the largest global release of mercury to the environment and is 
largely unregulated throughout the world. The Madre de Dios 
(MDD) watershed, located in Peru’s tropical Amazon, is one 
of the world’s most biodiverse ecosystems and home to more 
than 150,000 Indigenous and non-Indigenous people, 40% of 
whom live in poverty. ASGM is widespread in MDD due to 
increasing global demand for gold. This research is part of an 
extensive environmental and human health survey in MDD to 
examine the impacts of mercury on communities near gold 
mining. Sediment and fish tissue samples were collected along 
a 550 km stretch of the MDD River and its headwaters, 
including major tributaries and areas more than 150 km 
downstream of mining activity. Total mercury in sediment, 
suspended solids, and fish increased along the MDD River. In 
sediment and suspended solids, mercury concentrations were 
not strongly influenced by tributaries draining large mining 
areas, suggesting a diffuse source of mercury. Fish mercury 
presented a major public health risk, exceeding international 
standards in 38% of carnivorous fish. In conjunction with 
environmental sampling, hair samples were collected from 
residents near each river sampling location. These results were 
compared to fish analyses to gauge the impact of mercury on 
MDD communities, particularly in relation to emerging 
infectious diseases, anemia, malaria and dengue. Future work 
will evaluate methylation potential in river sediments affected 
by ASGM and the effect of selenium on mercury 
bioavailability. 
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Classical molecular dynamics simulations of several 
aqueous alkali-halide salt solutions, at different concentrations, 
have been used to determine the effect of electrolytes on the 
structure of water and the hydration properties of calcium ions. 

Compared with the simulations of Ca2+ ions in pure liquid 
water, the frequency of water exchange in the first hydration 
shell of calcium, which is a fundamental process in controlling 
the reactivity of calcium(II) aqua-ions, is drastically reduced in 
the presence of other electrolytes in solution. The strong 
stabilization of the hydration shell of Ca2+ occurs not only 
when the halide anions are directly coordinated to calcium, but 
also when the alkali and halide ions are placed at or outside the 
second coordination shell of Ca2+. Analysis of the hydrogen-
bonded structure of water in the vicinity of the calcium ion 
also shows that the average number and temporal fluctuations 
of hydrogen-bonds are also significantly influenced by the 
specific affinity of alkali and halide ions in solution with the 
water molecules coordinated to Ca2+. This work shows the 
importance of solution composition in determining the 
hydrogen-bonding network and ligand-exchange dynamics 
around metal ions. 

 
As the kinetics of crystallization of minerals such as 

calcium carbonate is controlled by de-hydration of the metal 
ions in solution and at the mineral surface, the information 
obtained in this study will help in improving our understanding 
of the mechanism controlling the nucleation of minerals in 
natural and industrial aqueous environments, which are far 
from pure water, but rich in electrolytes. 



 Goldschmidt2014 Abstracts  

 

565 

565 

The crustal growth and evolution of 
North China Craton: revealed by Hf 

isotopes in detrital zircons from 
modern rivers 
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The outstanding questions is how to quantitatively estimate 
the rate of growth of the continental crust and the proportion of 
juvenile material added to the crust at any given time during its 
evolution. In recent years, the U-Pb and Hf isotopic 
composition of detrital zircons provide an effective and simple 
approach to constrain the periods and rate of continental 
growth. In order to characterize the crustal growth history of 
North China Craton, 187 detrital zircons in two sand samples 
from the lower reach of Jing River and the Luo River were 
measured for U-Pb and Lu–Hf isotopic compositions by LA-
MC-ICPMS. Compared with the global continental crust, the 
North China Craton shows a characteristic of episodic 
continental growth rate. For instance, about 60% of the present 
crustal volume of the North China Craton was generated in the 
between Mesoarchean and late Neoarchean (3.0 to 2.5Ga). 
Since then, the continental crust keeps a stable rate of growth 
and completely formed at the end of the Neoproterozoic 
(600Ma). It indicates that the present crustal of the North 
China Craton was mainly growth during Archean and 
Proterozoic, and the juvenile additions to the continental crust 
are almost negligible during Phanerozoic. Combined with the 
available studies and the early Precambrian crust growth 
curves of based on U–Pb ages, two-stage Hf crust formation 
ages（TDM2

C and TNC2
C）and εHf(t), our results also reveal that 

~2.7Ga and ~2.5Ga are the most prominent time of magmatism 
and the period of continental rapidly growth, respectively. 
Indicating that the North China Craton has been experienced 
obviously two episodes crustal growth. 
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Evidence for the earliest known terrestrial crust comes 
predominantly from Jack Hills in Western Australia, where 
hafnium isotopic results from >3.8 Ga detrital zircons indicate 
crustal precursors as old as ~4.4-4.5 Ga. We present evidence 
from magmatic cores in >3.9 Ga xenocrystic zircons (Fig. 1a) 
from a felsic volcanic rock in the North Qinling Orogenic Belt, 
China, of similar Hf crustal model ages up to 4.45 Ga (Fig. 
1b). These lie on the same Lu/Hf trajectory as the least 
disturbed Jack Hills and Apollo 14 zircons (Fig. 1b) therefore 
providing the second example of the earliest known generation 
of continental crust on Earth. In addition, the rims of two 
zircon grains record later growth at 3.7 Ga and, when 
combined with the fact that the grains are incorporated in 
Paleozoic volcanic rocks, imply long-lived crustal residence 
within the basement of the North China Craton. These results 
therefore establish the wider distribution and survival of the 
most ancient crustal material on the Earth and highlight the 
possibility for the further discovery of ancient crustal 
remnants. 

 
Fig. 1. Hadean zircon cathodoluminescence image (a) 
 and plot of εHf(t) versus age (b). 
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What is the relative influence of glacial vs. active tectonic 
processes in driving erosion and uplift across the European 
Alps? It has largely been argued that repeated erosion through 
glaciation sustains topography and isostatic uplift in a decaying 
orogen (Wittmann et al., 2007). But, some insist that the Alps 
are largely a young orogen still in infancy (e.g., Hergarten et 
al., 2010). Some of this debate may be clarified at the eastern 
end of the Alps, where it is known that tectonic processes are 
most active and where both glacially sculpted and never-
glaciated catchments occur in close spatial proximity. 

We explore the relative forcings of post-glacial topography 
and tectonically-driven uplift on denudation rates in the 
Eastern Austrian Alps. We target previously glaciated and 
unglaciated catchments to quantify the erosional and 
topographic signature of glacial and tectonic forcings. Despite 
active convergence in this region, previously published 
levelling data suggest minor surface uplift across our study 
sites. New catchment-wide denudation rates, determined from 
10Be in quartz sand, range from 40-260 mm/ky across the 
region, and correlate with basin relief. GIS-derived slope 
distributions across catchments yield clear topographic 
indicators of glacial preconditioning, which further correlate 
with denudation rates. 

Recorded rates and topographic metrics in western-most 
portions of the study region reflect the erosional response to 
the topographic preconditioning by repeated glaciations. The 
eastern-most rates reflect non-glacially forced erosion and are 
up to a factor of four lower than rates in previously glaciated 
catchments. Together, these data suggest that erosion across 
the Eastern Alps is strongly controlled by post-glacial 
topography, while active convergence in the region results in 
lesser forcings on both topography and erosion rates.  

 
[1] Wittmann et al (2007) J. Geophy. Res. Earth Surf., 112, 
F04010. [2] Hergarten et al (2010) Earth Planet. Sci. Lett, 297, 
453-460  
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Acidophilic bacteria are often observed in sulfide-bearing 

mine wastes that generate bulk circumneutral pH drainage. 
However, their contribution to sulfide-mineral oxidation under 
these conditions remains poorly constrained.  

To address this knowledge gap, samples of various waste 
rock lithologies (i.e., marble-hornfels, intrusive, exoskarn) 
were collected from experimental waste rock piles at the 
Antamina Cu-Zn-Mo mine, Peru. Enumerations of relevant 
neutrophilic and acidophilic bacteria were performed. The 
presence of Acidithiobacillus spp. was probed using 
fluorescence in situ hybridization (FISH). Scanning electron 
microscopy (SEM), powder X-ray diffraction (XRD) and X-
ray absorption spectroscopy (XAS) were used for 
mineralogical characterization and to examine bacteria-mineral 
interactions. 

Neutrophiles dominated in all samples, however, elevated 
populations of acidophiles were observed for the intrusive 
waste rock samples. The presence of Acidithiobacillus spp. 
was confirmed in the intrusive samples, which were 
characterized by bacterially-colonized crusts of 
schwertmannite [Fe8O8(OH)6-4.5(SO4)1-1.75], lepidocrocite [γ-
FeO(OH)] and jarosite [KFe3(OH)6(SO4)2] at sulfide-mineral 
surfaces. Exposed sulfide surfaces also exhibited evidence of 
direct celluar attachment (pitting) sites. The combined 
occurrence of schwertmannite, jarosite and pitting suggests 
that localized acidic microenvironments developed at sulfide-
mineral surfaces. These results indicate that acidophilic 
bacteria can play an important role in sulfide-mineral oxidation 
within bulk circumneutral pH environments. 
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Iodine-129 is a long-lived fission product produced in 

nuclear reactors. It is considered a critical nuclear fuel waste 
form due to its long half-life (16 million years), high toxicity, 
and potentially high mobility in a subsurface environment. The 
200 West area of the Hanford Site possess two dilute and 
laterally extensive I129 plumes from former disposal cribs with 
radioiodine concentrations of ~3.5 pCi/L. Present treatment 
options for these plumes are reliant upon hydraulic 
containment due to a lack of appropriate remediation 
technologies and a poor understanding of the fate and transport 
of I129. Research on iodine’s biogeochemical reactions, 
including the microbial population’s effect on I129 speciation is 
critical to evaluating the risk associated with groundwater 
plumes. 

Biotraps constructed from polyvinyl chloride pipe were 
filled with Ringold sand or control materials (i.e., glass beads) 
as media for microbial attachment, and were incubated in 
groundwater monitoring wells affected by the iodine plume for 
50 or 150 days. Ion-extractable iodine species were 
predominately iodate, which is consistent with the species 
found in the groundwater. The rock fraction of the biotraps 
deployed in the higher and lower iodine regions of the plume 
exhibited a respective increase in iodine from 0.04 and 0.61 
µg/g to 2.69 and 3.36µg/g. 

Substrate from the traps was used to run batch 
experiments, which received water containing amendments of 
potassium iodide, potassium iodate and/or humic acid to study 
the effects of humic acid additions on iodine speciation in the 
presence of aquifer microbial communities. Soil and water 
from the traps and monitoring wells were analyzed for 
microbial diversity and activity, including the enrichment and 
quantification of iodide oxidizing bacteria, and the generation 
of clone libraries. Fingerprint data and clone identities show 
that the groundwater is dominated by 2-4 species of aerobic or 
microaerobic betaproteobacteria. Organisms enriched are being 
sequenced and physiologically characterized. Together these 
data will provide a detailed understanding of the importance of 
microbes on iodine speciation and determine the feasibility for 
in situ treatment and immobilization of I129. 
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This study focuses on Quaternary basaltic volcanism 

developed along a NE-SW direction and consisting of Erciyes 
stratovolcano (ES), Hasandağ stratovolcano (HS) and Obruk-
Zengen (OZ) and Karapınar (K) dispersed volcanism. Based 
on our dated datasets, coeval samples exhibit calcalkaline 
affinity in ES while alkaline in HS, OZ and K. 

The mineralogical assemblage of HS, OZ and K is plg+ 
ol+cpx+oxide minerals. On the other hand ES is composed of 
plg+ol+cpx±opx and oxide minerals. Opx was only detected in 
some samples of ES. We emphasize the difference in 
mineralogical features, comparatively to the 3 other studied 
areas. The occurrence of both plg and ol, in equilibrium and 
disequilibrium, emphasizes that the genesis conditions were 
variable and related to magma mixing processes. 

Estimated temperatures and barometers are proposed in 
Table 1 [1]. Calculated depths (km) are 10.5-17, 18, 19-28 and 
21 for ES, HS, OZ and K, respectively. According to these 
results, the depths of ES are shallower than for the other 
studied areas. OZ gives the highest cpx-liq temperature, 
pressure and depth. The mean value of ol-liq temperatures and 
depths are increasing from NE to SW. All these differences 
may be explained by multistage crystallization of minerals in 
magma chambers located at different depths. 

Temperature (°C) Pressure (kbar) 
Study 
Area 

Eq (32d-33-
34) cpx-liq 

Eq 22 
ol-liq 

(Eq 36-37) 
two-prx 

(Eq 32a-32b-
32c) cpx-liq 

ES 1138-1167 1160-1260 1024 4.20-4.90 
HS 1208 1199-1273 - 4.66 
OZ 1120-1233 1135-1296 - 5.76-7.79 
K 1172 1262-1263 - 5.30 

 
Table 1: Estimated geothermometer and geobarometer values 
for the four groups volcanics. 

 
[1] Putirka (2008) Rev.Min&Geo 69, 61-120 
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Partition coefficients that describe the equilibrium 
partitioning of trace elements between plagioclase crystals and 
silicate melts are widely used in geochemical modelling. We 
have used experimental data for plagioclase-melt partitioning 
of 1+, 2+ and 3+ cations in the simple system diopside-albite-
anorthite (Di-Ab-An) at 1 atmosphere pressure to develop a 
thermodynamic model for the prediction of partition 
coefficients. These data were used in the original development 
of the lattice strain model for trace element partitioning of 
Blundy and Wood (1994) and measured along isotherms 
thereby facilitating the separation of P-T controls on 
partitioning from those of composition. 

The general approach of the model is to use partition 
coefficients, Kp, of the elements Na, Ca, and La as a reference. 
Kp's of other 1+, 2+ and 3+ cations occupying the alkali site in 
plagioclase can be then predicted from the lattice strain model. 
From the present experimental data the two lattice strain 
parameters, the optimum ionic radius, r0, and the effective 
Young's modulus, E, were optimized for 1+, 2+, and 3+ 
cations as a function of the anorthite content of plagioclase. 
The optimised lattice strain parameters have magnitudes and 
compositional and thermal dependence that are consistent with 
elastic data for plagioclases. For La, as for other trivalent 
cations occupying the alkali site, we propose incorporation as 
Na0.5La0.5Al2Si2O8 component. Using an exchange reaction 
with the melt we show that Kp(La) can be expressed as a 
function of Kp(Na) and Kp(Ca). The respective reaction 
constant was calibrated from the experimental data such that 
Kp(La) can be estimated from Kp(Na) and Kp(Ca). 

For practical purposes we propose three different strategies 
to predict Kp's: (i) Calculation of Kp(Na) and Kp(Ca) from a 
thermodynamic model of plagioclase-melt equilibria in the 
system Di-Ab-An; (ii) Use of directly determined Kp(Ca) and 
Kp(Na) from the measured albite and anorthite content in 
plagioclase and the glass composition; (iii) Calculation using 
an empirical calibration for Kp(Ca) and Kp(Na) based on 
plagioclase and melt compositions of 992 plagioclase-saturated 
melting experiments taken from the LEPR database 
(http://lepr.ofm-research.org). We provide an Excel 
spreadsheet to perform these three different types of 
calculations.  

 
[1] Blundy and Wood (1994) Nature, 372, 452–454. 
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Rutile is a key mineral in petrology and geochemistry. For 
example rutile [Zr] is used as a thermometer and the budgets of 
Nb and Ta in crustal and mantle rocks are commonly 
controlled by rutile. Recently, we demonstrated that Nb and Ta 
can fractionate significantly by diffusion in rutile during partial 
melting [1]. We extended our experimental study to the 
variation of Zr, Hf, Nb, and Ta diffusion in synthetic rutile as a 
function of fO2, and T employing the same methods as in [1]. 
Diffusion anneals were carried out at P = 0.1 MPa in gas 
mixing furnaces at controlled ƒO2 (IW to NNO, and air). Depth 
profiles of the diffusion couples were measured using a 
Cameca ims 3f ion microprobe, and fitted numerically. 

The diffusion coefficients determined so far at ƒO2 = WM 
show the following: D(Nb) and D(Ta) are consistent with [1] 
and D(Zr) is indistinguishable from D(Nb). The significant 
difference between diffusion of Nb and Ta is confirmed and 
our new results indicate a slightly higher activation energy for 
D(Ta) compared to D(Nb). D(Hf) is a factor of ~2 smaller than 
D(Zr) indicating a weaker diffusive fractionation of Zr-Hf 
compared to Nb-Ta in rutile. Preliminary data indicate that 
rutile diffusion coefficients determined here are strongly 
sensitive to ƒO2. For example, at 1080 °C, D(Nb) at 
atmospheric ƒO2 is a factor of ~100 smaller compared to WM. 
D(Zr) and D(Hf) determined for the ƒO2 = WM deviate 
significantly from the results of [2], who did not find any 
significant ƒO2 dependence for Zr and Hf diffusion. Our data 
are more consistent with Zr diffusion coefficients of [3].  

The diffusion coefficients of the studied HFSE and their 
dependence on ƒO2 can be interpreted in terms of the point 
defect chemistry of TiO2, which is a non-stoichiometric phase 
better described by the formula TiO2-x where x depends on ƒO2 
(e.g., [3]). The observed ƒO2 dependence is consistent with a 
vacancy diffusion mechanism. For a given ƒO2, a critical level 
of heterovalent substitution of Ti exists (e.g., by Al3+, Fe3+) at 
which the concentration of Ti vacancies is affected. 
Calculations based on point defect thermodynamics will be 
presented to illustrate these effects. 
 
[1] Marschall et al (2013) EPSL, 375: 361–371. [2] Cherniak 
et al (2007) EPSL, 261: 267–279. [3] Sasaki et al (1985) J 
Phys Chem Sol, 46: 1267-1283 
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Uranium (U) in contaminated aquifers poses a serious 
environmental threat for soils and groundwater at present and 
in the future. One of the strategies for U(VI) immobilization in 
soils is microbially-mediated reduction of soluble U(VI) to a 
relatively insoluble uraninite, UO2(s).  

The reduction of U(VI) by Shewanella oneidensis MR-1 
was studied in experiments to examine bioreduction kinetics. 
Biogenic U(IV) nanoparticles were observed to specifically 
precipitate in the periplasm, the exterior face of the cell outer 
membrane and with extracellular polymeric substances [1]. 
The uraninite structure was characterized by correlated 
methods of electron microscopy, including chemical and 
nanodiffraction analyses by energy-dispersive spectroscopy 
and selected-area electron diffraction coupled with 
transmission electron microscopy (TEM) and additionally by 
high-resolution, aberration corrected, scanning-transmission 
electron microscopy (STEM).  

The aberration corrected STEM enabled the unparalleled 
atomic-level imaging of newly formed biominerals and could 
be correlated with absorption spectroscopy analyses of the 
insoluble uranium species material by x-ray absorption near 
edge structure (XANES) and extended x-ray absorption fine 
structure (EXAFS), that were performed earlier [2, 3]. 

This new methodology of direct imaging with atomic 
resolution will allow for the investigation of hypotheses 
studying electron transfer-driven uranium reduction 
mechanism(s). Direct visualizations of nascent nanoparticulate 
U(IV) and particle aggregation state will have important 
implications for predicting the transport and fate of heavy 
metals and radionuclides in the environment. 
 
[1] Marshall et al PLoS Biol. (2006), 4:1324 –1333 [2] Burgos 
et al Geochim. Cosmochim Acta 72 (2008), 4901-4915 [3] 
Boyanov et al (2011) Environ. Sci. Technol. 2011, 45, 8336–
8344  
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Phosphorus is necessary for biological processes but 

excess amounts can result in algal blooms and water quality 
degradation. On regional scales, stream monitoring is usually 
not adequate to understand sources and transport. To address 
this, the U.S. Geological Survey developed the SPARROW 
(Spatially Referenced Regressions On Watershed Attributes) 
model, which allows for the simulation of phosphorous or 
nitrogen transport at both monitored and un-monitored 
catchments. The model was used to understand factors 
affecting phosphorus transport in California and a portion of 
Oregon, USA, which contain a complex mixture of lithologies, 
land uses, and climate. Model calibration is accomplished by 
testing potential sources such as fertilizer, point sources, land 
use types, and lithology. Lithological sources, point sources, 
and cultivated land were determined to be significant 
phosphorus sources to streams. Precipitation and soil clay 
content were significant transport variables. Streams of all 
sizes had significance for phosphorus loss by various 
processes. Rock types resulting in elevated levels of 
phosphorus loading from natural sources included volcanics, 
glacial deposits, and Mesozoic to Cenozoic marine deposits. 
Some marine formations, such as the Monterey in southern 
California, which contains sequences of phosphatic shales, are 
responsible for elevated concentrations and yields of 
phosphorus. In contrast, mixed metamorphic and igneous 
assemblages such as argillites, peridotite, and shales in 
northern California result in some of the lowest phosphorus 
stream yields.  
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Infrared (IR) spectroscopy is considered the “gold 
standard” for chemical identification, providing us with 
perhaps the most direct connection between chemical 
compounds found in the laboratory and those in astrophysical 
environments such as molecular clouds. However, the use of 
infrared spectroscopy for characterizing functional group 
distributions in planetary materials at nano-scales has 
heretofore been non-existent. Other techniques, such as 
XANES and micro-Raman are capable of limited functional 
group mapping at the tens to hundreds of nanometers, 
however, their use is restricted by access to synchrotron 
beamlines or their sample altering effects. This situation is 
particularly dire for studies of unique micron-sized natural 
samples such as those brought back by sample return missions 
like NASA’s Stardust mission and the recent JAXA Hayabusa 
mission, interplanetary dust particles (IDPs), and atmospheric 
aerosol particles, since these samples and/or their 
heterogeneity are typically comparable in size (or smaller) to 
the diffraction limited beamsizes of IR beamlines. 

Here, we describe a general nano-FTIR imaging and 
analysis technique that we have developed which circumvents 
the well-known diffraction limit heretofore hampering 
chemical mapping of micron-scale samples using IR radiation. 
We show for the first time that 1) near-field scattering spectra 
obtained from an AFM tip illuminated with focused laser 
radiation can be used to obtain the equivalent of FTIR 
absorption spectra at spatial scales much smaller than the 
wavelength of IR radiation used, 2) this technique can record 
subtle shifts in cation concentrations as evidenced by changes 
in the frequencies of phonons at sub-micron scales, and 3) our 
technique can identify regions of crystalline and semi-
crystalline materials using IR spectra alone as demonstrated in 
our analysis of a cometary dust grain. This work has 
implications for interpretations of astronomical observations 
and adds a new technique to the suite available for non-
destructive characterization of valuable terrestrial and 
extraterrestrial samples.  
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In an effort to better understand the impact of the 
Deepwater Horizon oil spill and future oil spills on the U.S. 
Gulf Coast, experiments were conducted to study the effect of 
oil contamination on the geochemistry and microbiology of 
salt marsh sediment and seawater microcosms. Salt marsh 
sediment and seawater samples were collected on the Gulf 
Coast of Alabama, near the town of Bayou la Batre. 
Microcosms consisting of 200 g sediment and 250 g seawater 
were constructed soon after sample collection, spiked with 
MC-252 oil, and incubated for 21 days. Duplicate sterile 
controls, with and without oil, and duplicate non-sterile 
controls without oil were also set up. Duplicate microcosms 
were sacrificed periodically, the solid phase and aqueous phase 
separated by centrifugation and filtration, and samples 
prepared for analysis. The aqueous phase inorganic chemistry 
was analyzed by ICP-OES and ion chromatography. The 
composition and concentrations of alkanes and PAHs in the 
sediments and the concentrations of dissolved inorganic 
nitrogen, phosphorous, and dissolved organic carbon were also 
characterized. Bacterial community responses to oil 
contamination were examined using the high-throughput 16S 
rRNA bacterial tag-encoded FLX amplicon pyrosequencing 
(bTEFAP) technology. 

Analytical data reveal several interesting temporal trends. 
Changes in aqueous Fe and Mn concentrations resulted from 
microbially mediated redox reactions which transferred these 
metals from the sediment to solution. Over the course of the 21 
day incubation, 54.6% of the total alkanes in the sediment was 
lost within the first six hours, and 71.5% was lost after 14 
days. Total PAHs decreased by 90.1% within the first six 
hours, but did not show subsequent decreases. Analysis of the 
bacterial communities present in the experimental substrates 
showed that the 14 day oil-contaminated substrate exhibited 
positive detection of alkene hydroxylase (alkB), catechol 2,3-
dioxygenase (C23DO) and biophenyl dioxygenase (bph) 
genes, but these genes were not detected in the non-oiled 
control substrate. The indigenous microbial communities 
quickly shifted their structure to accommodate organisms 
which can survive in the oil-contaminated environment. 
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Canonical systems have value because they allow a 

comprehensive test of our understanding; we keep studying α-
Pinene Secondary Organic Aerosol (SOA). It is the gift that 
keeps on giving. There is abundant evidence that volatility 
matters in the formation of SOA – that is almost tautological, 
as volatility is the tendency of compounds to leave the 
condensed phase. Put another way, a very large flux of organic 
compounds collides with ambient particles, and only a very 
small fraction sticks. Our objective is to understand which ones 
stick, why, and how long they stay stuck. 

The simplest hypothesis was put forward by Odum. 
Compounds stick because they are formed in the gas phase 
with low volatility. They can then condense to form a (more or 
less ideal) mixture in an amorphous (not necessarily liquid) 
phase. This explains the well-defined, rising mass yields with 
rising aerosol concentration observed in smog chambers. It 
clearly holds for primary organic aerosol (POA), which 
ironically is still often represented as non-volatile pieces of 
grit. Considerable evidence exists, however, that SOA can be 
more complicated. First, there is long-standing evidence 
indicating formation of association products (oligomers) with 
mass fractions possibly exceeding 50%. Second, ambient 
oxidized organic aerosol (OOA) is much more oxidized than 
SOA typically formed in smog chambers. Finally, there is 
growing evidence that organic aerosols exist with a huge range 
of viscosity (it is really diffusivity that matters), potentially 
including such low diffusivity that particles might never come 
into equilibrium on any practical timescale, equivalent to 
waiting for pitch to drip.  

We have explored all of these issues with a (probably not 
ideal) mixture of experiments and modeling. We conduct 
single-particle mingling experiments in which aerosols of 
different composition (often isotopically labeled) are combined 
and observed with single-particle mass spectrometery as they 
mix via gas-phase (Marcolli) exchange. We observe particle 
bounce via delayed collection in our mass spectrometer. We 
observe mass equilibration on various timescales after 
isothermal dilution and small stepwise temperature changes. 
Finally, we have developed a dynamical version of the 
volatility basis set including a dimerization pathway that 
describes the various behaviors we observe. 
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Totally 61 chromite samples were collected from six 

different regions; Acıpayam and Beyağaç at Denizli and Ula, 
Kӧyceğiz, Dalaman and Fethiye at Muğla at the southwestern 
region of Turkey. As a result of tectonic movements, this 
Likya nappe formed two tectonic zones; lower and upper with 
different environments and ages. Lower tectonic unit consists 
essentially of thin to medium stratified brownish or reddish 
claystone, siltstone, micritic and sandy limestone, sandstone, 
shale and conglomerate interbedded. While, upper tectonic unit 
comprises the oldest rock units; pelitic and bioclastic carbonate 
rocks are interbedded with Carboniferous and Middle Triassic 
sandstone and quartzite and tectonically overlie by psammitic 
arkoses which contain Permian pillow lava. The ophiolitic 
rocks that constitute the uppermost part of the Likya nappe 
contain the chrome mineralization. In all regions of Denizli 
and Muğla, the chromites that are podiform type (Alpine type) 
have generally low contents of platinum group elements. 
Values of platinum group elements in Acıpayam, Beyağaç, Ula 
and Köyceğiz, Fethiye regions range from 5 ppb to 50 ppb and 
Au content is observed less than 100 ppb. While, Some 
chromite samples from Dalaman area in Muğla have 
enrichment of Pt, Pd, Rh, Ir and Au that ranging from 20 to 
4230 ppb for Pt, 9 - 15100 ppb for Pd, 6 - 77 ppb for Rh, and 
25 - 55 ppb for Ir and 100 - 134 ppb for Au. 

 
Keywords: Platinum group elements (PGE), chromites, 

Denizli-Muğla, Turkey 
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The paleoproterozoic vonsenite deposits as a large iron, 

uranium, REE borate deposits, lie in the boron-bearing rocks 
of paleoproterozoic Liaohe group in the northeast of China. 
The ore and the boron-bearing rocks have experienced multi-
geo-process (including volcanism, sedimentary, regional 
metamorphism and etc) and the genesis of the vonsenite 
deposits remain controversial. Various genetic models have 
been proposed and could divided into three categories: skarn 
deposits, metamorphosed volcanic-sedimentary deposits and 
metamorphosed evaporites. Here the Fe isotopes, major and 
trace elements compositions of different rocks and ores from 
the deposits are invesgated. The distribution pattern of REE 
with a “V” type of variation and Eu deletion, may indicate that 
the deposits associate with the volcanism process. The δ56Fe 
values of the ore deposits show a narrow range with the near-
zero characterazation of whole rock and slight veriation (0.1 to 
0.4‰ to IRMM) of magnitite. Based on previous researches, 
Fe isotopes present significant different in chemical deposits 
(including evaporation), skarn deposits and volcanic-
sedimentary deposits. Generally, Fe isotope of chemical 
deposits, such as BIF, have a heavy isotope enriched and 
highly variable cheracteration, because of the partial oxidation 
process during sedimentation (Dauphas et al., 2004, 2007). 
During the skarn deposits, the ore forming fluids exsolved 
from the magma has lighter Fe isotopes, and the Fe isotopes of 
the ores present a systematic variations (Wang et al., 2009). 
The metamorphic grade of this study area is from greenschist 
facies to amphibolite facies and would not effect the Fe isotope 
fractionantion. The narrow range of the near-zero δ56Fe values 
of these ore deposits are similar to the igeneous rock. Therefor, 
it indicates that the soure of iron is from magma. The 
characterization of Fe isotopes in magnitite indicate that parts 
of magnitite are derictly from the volcanic process. The 
metamorphosim also do a contribution to the formation of 
magnitite. 
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The mass balance of Zn in the oceanic environment has 

been studied recently, and the isotopic compositions of major 
sources and sinks have been presented[1]. While surface 
seawater, rivers, hydrothermal fluids, and eolian dust fall 
within a range of 0.0 to 0.5‰ (in δ66/64Zn), ferromanganese 
crusts and carbonates are enriched in heavier isotopes[1-4]. 
However, insights into the mechanisms driving isotope 
fractionations in the oceans are relatively limited. In this study, 
we seek to constrain the mechanism by which carbonates are 
enriched in heavier Zn isotopes.  

Zinc adsorption and incorporation experiments were 
conducted at low and high ionic strength. A series of small 
batch reactions were used for adsorption experiments. Calcite 
suspensions were first equilibrated with air until a stable pH of 
8.3 was reached, then doped with Zn for adsorption. (The 
system was undersaturated with respect to hydrozincite.) For 
incorporation experiments, a dual-syringe pump delivered 
0.1M CaCl2 and Na2CO3 solutions to a reaction bottle 
containing dissolved Zn and calcite seed crystals at pH of 8.2. 
This method was modified from a previous method[5]. 
Experimental duration varied from 0.5 to 120 hours. Solids and 
solutions were separated by filtration, purified by ion exchange 
chromatography, and analyzed by MC-ICP-MS. The Zn 
adsorbed on calcite was isotopically heavier than in the co-
existing solutions, with Δ68/66Zncalcite-solution of 0.4‰ and 0.7‰ in 
low and high ionic strength solutions, respectively. Preliminary 
results indicate that Zn co-precipitation with calcite results in 
progressive depletion of the solution in heavier isotopes. 

Previous work determined that Zn adsorbed on calcite 
surfaces is tetrahedrally coordinated, sharing three oxygens 
with the calcite surface[6], and density functional theory 
calculations predicted that tetrahedral Zn-O species should be 
heavier than octahedral Zn-O species[7]. These studies agree 
with the results of our experiments. Therefore, we infer that the 
isotope fractionation in our experiments at equilibrium is due 
to the different coordination numbers of dissolved Zn 
(octahedral) and adsorbed Zn (tetrahedral). 

 
[1]Little et al 2014, GCA 125, 673 [2] Bermin et al 2006, 
Chem. Geol. 226, 280 [3] Maréchal et al 2000, G31,1999GC-
000029 [4] Pichat et al 2003, EPSL 210,167 [5] Tesoriero and 
Pankow, 1996, GCA 60, 1053 [6] Elzinga and Reeder, 2002, 
GCA 66, 3943 [7] Schauble, 2003, EOS, Trans. AGU, Fall 
Meet. Suppl. 84(46), B12B-0781 
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Nuclear materials processing and U mining and milling 

resulted in many acidic U(VI) groundwater plumes during the 
Cold War. The F-Area of the Savannah River Site (SRS) in 
South Carolina (USA) is an example where groundwater has 
been contaminated by a large, persistent U(VI)-containing 
acidic plume during 1955-1988. Although many U(VI) 
contaminated aquifers (e.g., the F-Area) are composed 
predominantly of quartz-sand sediments, understanding of 
geochemical mechanisms governing U(VI) adsorption to 
quartz-sand dominated sediemnts under acidic conditions is 
still limited. We conducted U(VI) adsorption experiments 
using quartz-sand dominated plume sediments and reference 
minerals quartz, goethite and kaolinite. We developed a new 
humic acid adsorption method to determine the relative surface 
area abundances of individual minerals of the sediments. This 
method plays a key role in successful application of the 
mineral component-additivity (CA) based surface 
complexation modeling (SCM) for understanding of 
geochemical mechanisms governing U(VI) adsorption. Our 
experimental results indicate that quartz has stronger U(VI) 
adsorption ability per unit surface area than goethite and 
kaolinite at pH ≤ 4.0. Our modeling results indicate that the 
binary mineral (goethite/kaolinite) CA-SCM under-predicts 
U(VI) adsorption to the quartz-sand dominated sediments at 
pH ≤ 4.0. The new ternary mineral (quartz/goethite/kaolinite) 
CA-SCM with the addition of quartz component provides 
excellent predictions, suggesting quartz-sand adsorbs U(VI) 
more at pH near 3.0, kaolinite (exchange sites) contributes 
more at pH near 4.0, while goethite dominates at pH > 4.5. 
Potential influences of dissolved Al, Si and Fe on U(VI) 
adsorption are also discussed. This work is part of the 
Sustainable Systems Scientific Focus Area (SFA) program at 
LBNL, a project supported by the US Department of Energy 
for understanding and predicting long-term groundwater plume 
mobility and natural attenuation.  
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The Gangdese magmatic arc on the southern Tibetan 

plateau, records the Mesozoic Andean-type orogeny derived 
from the Neo-Tethyan subduction and the Cenozoic 
Himalayan orogeny resulted from the Indian-Eurasia collision. 
We here report the Cenozoic four-stage adackitic granitoids 
occurred in the southeastern Gangdese arc, they are formed at 
the Early Paleocene (62 Ma), Early Eocene (54 Ma), Late 
Eocene (38 Ma) and Oligocene (29 Ma), respectively. They 
have typical geochemical features of adakite, with high SiO2 
(63.28 %-72.64 %), Mg# (39-54), Sr content (383-1214 ppm), 
Sr/Y (52.3-163) and (La/Yb)N (18.4-136), and low Cr (6.29-
29.9 ppm), Ni (3.1-19.6ppm), Yb (0.3-1.17 ppm) and Y (3.73-
14.4 ppm). The zircon Hf isotopic compositions indicate that 
the most granites are derived from the melting of juvenile crust, 
except for the the Early Eocene granite sourced from the old 
basement materials. 

Most Mesozoic-Cenozoic Gangdese magmatic rocks show 
the geochemical features of calc-alkaline arc magmatism and 
while adakitic rocks were mainly formed at ca. 140 Ma, 100-
80 Ma and 25-10 Ma. However, the studied granites from 62 to 
29 Ma also display geochemical affinity to adakites. The Early 
and Late Cretaceous adakitic rocks are likely derived from 
partial melting of the subducting Neo-Tethyan slab. The 
certain geochemical features of this reported adakitic 
granitoids, such as relatively silica-rich, low Ni and Cr 
contents and the discernable concave-upward Dy-Ho-Er-Tm-
depleted patterns, indicate that they result from partial melting 
of the thickened lower crust. Therefore, we suggest that the 
oberseved continous adakitic magmatism indicates that the 
southeastern Gangdese arc experienced a long-lasting crustal 
thickening process during the Cenozoic. This work also 
demonstrates that the adakite can be formed at various stages 
during the Andean-type and Himalayan-type orogenesis. 
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The Kunlun orogen, located at the northern Tibet plateau, 

can be divided into the Qimantage, Central Kunlun, Southern 
Kunlun and Songpan-ganze belts with distinctive litho-tectonic 
assemblages by the northern, central and southern Kunlun 
sutures which indicated by developing of ophiolite and 
subduction related volcanic rocks. The northern Kunlun suture 
is pronounced by the Yazidaban ophiolitic mélange which 
consists of serpentites, basalts, diabases and andesites.  

The serpentites outcropping at the eastern Yazidaban are 
characterized by low ΣREE and depletion of mid-REE 
showing an ophiolitic ultramaifc affinity. The basalts 
overthrusting on the serpentites show low ΣREE and slightly 
enrichment of LREE, as well as depletion of LILE and 
insignificant fractionation of HFSE. These geochemical 
features attributed to E-MORB. Both basalts from the south 
and central Yazidaban section exhibit similar geochemical 
compositions to that of the basalt from eastern Yazidaban 
attributed to E-MORB.  

The andesites mainly distributed in the northern Yazidaban 
section, which possess moderate ΣREE and clear enrichment 
of LREE, as well as negative Nb-Ta, P and Ti, and positive 
Th-U anomalies. All these geochemical characteristics 
represent volcanic rocks associated to a typical island-
arc/active continental margin. 

The diabases have high SiO2 content showing basalt-
andesitic composition, and are characterized by high ΣREE, 
strong enrichment of LREE, depletion of Nb-Ta, and 
significant fractionation of HFSE. These features indicate a 
subduction related tectonic setting. 

All above geochemical constraints on the ultramafic rocks, 
basalt, suggest an E-MORB tectonic setting, while 
geochemical features of the andesites and diabases pronounce 
a subduction related setting. Hence, we explain the Yazidaban 
mélange to represent remnants of subduction related volcanic 
rocks and associated oceanic crust of a back-arc basin. The 
zircon U-Pb age of a diabase from the northern Yazidaban 
yields an age of 420.6 ± 3.6 Ma (MSWD = 0.36) representing 
the time of subduction and formation of back-arc basin.  
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A biogeochemical model (PnET-BGC) is reparameterized 

for alpine tundra and used in this study to evaluate effects of 
potential future changes in temperature, precipitation, solar 
radiation and atmospheric CO2 concentration on the 
biogeochemistry and ecosystem productivity of an alpine 
tundra Long-Term Ecological Research (LTER) site at Niwot 
Ridge, Colorado. Future climate projections from coupled 
atmosphere-ocean general circulation models (AOGCMs) used 
in this study are derived from the latest World Climate 
Research Programme’s fifth Coupled Model Intercomparison 
Project (CMIP5) models under two Representative 
Concentration Pathway (RCP) emission scenarios from the 
latest report of the Intergovernmental Panel on Climate Change 
(IPCC) AR5. 

PnET-BGC model simulation shows a decrease in average 
snow water equivalent with a shift in hydrology characterized 
by later snow development and earlier snow melt. Our results 
suggest that aboveground net primary productivity (NPP) will 
increase as results of increasing temperature and atmospheric 
CO2 concentration. Model results also show an increase in 
NO3

- leaching due to increased net mineralization and 
nitrification. The watershed response to climate change in 
other major elements in surface water such as SO4

2- and Ca2+ 
varies depending on the climate projection model selected. 
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Submarine groundwater discharge (SGD) may have 

important implications for the cycling of matter in coastal 
ecosystems. Nutrients and reduced species supplied to 
sediments and coastal waters via SGD may alter productivity 
and mineralization and hence the energy flow between benthic 
and pelagic zones. Furthermore, SGD may contribute to the 
development of hypoxic conditions in the bottom waters. 
However, permeable sediments, that are widespread in coastal 
regions of Europe, have been largely overlooked with respect 
to SGD-related element sources and associated biogeochemical 
transformations. 

This study evaluates the effect of SGD on mineralization 
pathways in sandy sediments of the southern Baltic Sea (Hel 
bight, Poland) and interfacial fluxes of dissolved carbon, 
nutrients, and metals. In situ fluxes are quantified with stirred 
benthic chambers that are coupled with seepage meters and 
combined to vertical pore water profiles with emphasis on both 
solutes of non-conservative and reactive behaviour.  

When compared to bottom waters and to a non-impacted 
reference site, the site impacted by groundwater seepage was 
found to be enriched in DIC, Mn(II), PO4

3-, SiO4
3-, CH4 and 

HS-, and depleted in salinity, Ca2+ and SO4
2-. Measured 

seepage rates of 85±16 L m-2 d-1 agree with previous studies 
indicating that SGD is a persistent feature of this site. Benthic 
flux measurements and vertical porewater profiles at the seep 
and reference site show similar remineralization rates. Aerobic 
oxidation of organic matter represents the main mineralization 
pathway at both sites while microbial reduction of SO4, Mn, 
and Fe play a subordinate role. Surprisingly, rates of net 
benthic primary production turned out to be similar at both 
sites, irrespective of the nutrients supplied by SGD. The main 
difference between biogeochemical processes at the two sites 
is driven by the supply of CH4, H2S, DOC, DIC, and metals by 
the seeping groundwater.  
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Oceanic anoxic events (OAEs) are large-scale events of 
oxygen depletion in the deep ocean that happened during pre-
Cenozoic periods of extreme warmth. They are marked by 
worldwide marine ecosystem crises and represent major 
perturbations in the carbon cycle through enhanced organic 
carbon burial in sediments. Last major OAE occurred at the 
Cenomanian-Turonian boundary prior to the Late Cretaceous 
long term cooling. Ever since, and despite the occurrence of 
warming events, Earth no more experienced such large-scale 
anoxic conditions. Here we explore the role of major 
continental configuration changes occurring during the Late 
Cretaceous on oceanic circulation modes through numerical 
simulations using the coupled ocean atmopshere model 
FOAM, that we confront to existing neodymium isotope data 
(εNd). Except from a continuous deep-water production in the 
North Pacific, the simulations at 95 Ma and 70 Ma reveal 
major differences marked by a shift in the southern deep-water 
production sites from South Pacific at 95Ma to South Atlantic 
and Indian oceans at 70Ma. Our modelling results support an 
intensification of southern Atlantic deep-water production as 
well as a reversal of the deep-water fluxes through the 
Caribbean Seaway as the main causes of the decrease in εNd 
values recorded in the Atlantic and Indian deep waters during 
the Late Cretaceous. We conclude that the change from a 
sluggish to a much more active circulation depicted by the 
model in the Atlantic from 95Ma to 70Ma may have driven the 
disappearance of OAEs after the Late Cretaceous. 
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The Yuba River and Cache Creek (in CA) are both highly 
contaminated with mercury (Hg) from historic gold and Hg 
mining, respectively. Both tributaries eventually flow into the 
San Francisco Bay-Delta via the Yolo Bypass, a lowland 
wetland and flood control basin where monomethyl mercury 
(MMHg) accumulation is a threat to wildlife. Sediment and 
aquatic invertebrates in these rivers were collected and 
analyzed for total Hg (THg), MMHg and Hg isotopic 
composition (δ202Hg, Δ199Hg). This study provides insight on 
how contrasting Hg sources are biogeochemically processed 
and accumulated in these contaminated fluvial systems. 

Sediment exhibited a wide range in THg and overlapping 
Hg isotope values. Streambank terrace sediment along the 
Yuba R. had THg between 0.14 and 7.62 μg/g and a relatively 
constant Hg isotopic composition (δ202Hg of -0.42 ± 0.18‰, 
Δ199Hg of 0.04 ± 0.02‰; mean ± 1SD). In Cache Creek, bar 
sediment THg ranged from 0.09 to 3.87 μg/g with more 
variable δ202Hg (-0.89 ± 0.42‰), and Δ199Hg (0.09 ± 0.06‰) 
comparable to the Yuba R. Aquatic invertebrates exhibited a 
large range in %MMHg and their Hg isotopic composition 
could be attributed to mixing between inorganic Hg (IHg) and 
MMHg. In the Yuba R., invertebrates had between 36% and 
79% MMHg and relatively high Δ199Hg (0.62 to 0.99‰). 
Cache Creek invertebrates had a similar range in %MMHg 
(16-85%) but lower Δ199Hg (0.51 to 0.67‰). The results 
allowed us to estimate the isotopic composition of MMHg and 
IHg and suggest that there are differences in the extent of 
photochemical degradation of MMHg in the two tributaries. 
Pending field work will investigate the distribution and 
accumulation of these sources downstream, in Yolo Bypass. 
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Mediterranean geoparks play an important role on the 

conservation and Social-environmental sustantability. 
Although the number of visitors are decreasing due to 
economic and financial crisis that affect the mediterranean 
countries, there are still greatest oportunities in new marketing 
strategies in order to preserve the environmental caracteristics 
and strengthen new tourist activities, services and products.  

The main goal of this paper is to identify the 
environmental attitudes of the geoparks´ visitors and to relate 
them with the environmental strategies of conservation, the 
needs of new touristic products and marketing strategies. To 
find that, we apply 2232 questionaires to visitors of geoparks 
in Portugal, Italy and Greece. The metodology selected was 
according Dos-Santos (2013), but adjusted and include 
multivariate analysis, namely, Components of Principal 
Analysis and cluster analysis to form homogeneous groups of 
tourists and a multinomial probit model in order to determine 
the main factors that visitors from this mediterranean countries 
attentant. 

The results present four groups of visitors according to 
environmental, economic and social caracteristics. There are 
no significant differences among the visitors from the three 
countries. The main conclusions suggest the need of a common 
strategy of preservation of the hight environmental value in the 
geoparks and the introduction of new services along with a 
marketing strategy including educational and training support. 
The main results of the survey are in line with other authors, 
namely, the emphasis that geoparks in mediterranean countries 
must be based on geological heritage and its preservation in 
addition to ecological, cultural, historical and archaeological 
aspects. 

 
Key-words: components of principal analysis; cluster 

analysis; multivariate analysis; multinomial probit model; 
mediterranean geoparks.  
 
[1] Dos Santos, M.J.P. L., (2013). Segmenting Farms in 
European Union. Agricultural Economics, 59:49-57. 
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The role of erosion and weathering on global climate is a 

central question in Earth sciences. In particular, whether the 
increase in erosion during the late Cenozoic has been 
responsible for global cooling [1-3]. To address this question, 
it is critical to understand the links between erosion, 
weathering and climate. For instance, the focus has recently 
been brought on the role of floodplains on weathering fluxes, 
yielding contrasting conclusions [4, 5]. 

In this study, we use the mineralogy and geochemistry of 
river sediments from the Southern Alps of New Zealand as 
these rivers are an ideal natural laboratory to investigate the 
role of floodplains on chemical weathering: while West Coast 
rivers drain directly into the Tasman Sea, East Coast rivers are 
characterised by extensive alluvial plains. In addition, the 
strong gradients in rainfall and uplift rate across the island 
allow us to investigate the relative role of climate and tectonics 
on weathering rates. 

Our results show that physical weathering and mineral 
sorting are significant during transit through alluvial plains. U-
series isotopes suggests that sediment transport through 
Eastern alluvial plains occurs over 10’s of thousand years, 
while sediments are much more rapidly exported on the West 
Coast (<10 ka). Little chemical weathering takes place during 
sediment transport, even where transit occurs through an 
extensive alluvial plain. Most silicate chemical weathering 
occurs on hillslopes in the upland regions, where the dominant 
reaction is albite dissolution. Thus, in the case of New 
Zealand, an increase in erosion (whether climatically or 
tectonically driven) would result in stripping and rapid export 
of upland soils. This could result in a decrease in chemical 
weathering rate, because the residence time of sediments in 
upland regions would decrease. These results differ from 
observations in other regions (e.g. Ganga) and demonstrate the 
importance of investigating sediment dynamics and weathering 
at the basin scale in order to further our understanding of the 
links between landscape evolution and global climate. 

 
[1] Peizhen, Z., P. Molnar, and W.R. Downs, Nature, 2001. 
410 (6831): p. 891-897 [2] Willenbring, J.K. and F. Von 
Blanckenburg, Nature, 2010. 465 (7295): p. 211-214  
[3] Misra, S. and P.N. Froelich, Science, 2012. 335 (6070): p. 
818-823 [4] Lupker, M., et al Geochimica et Cosmochimica 
Acta, 2012. 84: p. 410-432 [5] Bouchez, J., et al Chemical 
Geology, 2012. 332-333: p. 166-184 
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Compound specific isotope analysis can be used to 

quantify the in situ biodegradation of toxic chlorinated ethenes, 
such as trichloroethene (TCE), in groundwater. However, 
while the anaerobic biodegradation of TCE occurs via 
reductive dechlorination, the magnitude of observed kinetic 
isotope effects for carbon has varied widely for different 
bacteria and enrichment cultures [1]. This variability could 
indicate different initial transition states within the reaction 
mechanism or masking of the observed carbon kinetic isotope 
effect due to additional rate-limiting steps (e.g. substrate 
binding, mass transfer limitations) during the degradation of 
TCE. 

Here,	   we	   probe	   the	   details	   of	   the	   reductive	  
dechlorination	   mechanism	   for	   different	   reductive	  
dehalogenases	   in	   mixed	   enrichment	   cultures	   using	   dual	  
element	  (Δδ13C/Δδ37Cl)	  isotope	  analysis.	  The	  slopes	  of	  dual	  
element	   isotope	   plots	   remain	   largely	   constant	   even	  when	  
masking	   suppresses	   observable	   kinetic	   isotope	   effects,	   so	  
different	   slopes	   indicate	   a	   different	   initial	   transition	   state	  
in	   the	   degradation	   mechanism	   [2].	   Carbon	   and	   chlorine	  
stable	   isotope	   ratios	   were	   observed	   during	   TCE	  
biodegradation	  by	  a	  number	  of	  mixed	  enrichment	  cultures	  
grown	  in	  microcosms	  with	  different	  chlorinated	  substrates	  
to	   select	   for	   particular	   TCE-‐degrading	   reductive	  
dehalogenases.	   This	   two-‐dimensional	   approach	   has	   the	  
potential	   to	   elucidate	   whether	   different	   reductive	  
dehalogenases	   use	   the	   same	   transition	   state	   in	   the	   rate-‐
limiting	  step	  of	  TCE	  biodegradation.	  	  
	  
[1] Cichocka et al (2008) Chemosphere 71, 639 [2] Elsner 
(2010) J. Environ. Monit. 12, 2005 
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Paleoclimate records indicate that severe droughts in the 
Maya Lowlands occurred during the Terminal Classic period 
(800 to 1000 CE), suggesting that widespread collapse of 
ancient Maya societies at this time was driven by climatic 
change. However, key unresolved questions prevent the direct 
attribution of societal collapse to drought impacts. Specifically, 
the best available evidence for drought comes from the drier 
northern Maya Lowlands, and it is unclear why societal 
disruption was more pronounced in the more humid southern 
Maya Lowlands. Further, there is little evidence to constrain 
how the ancient Maya responded to earlier droughts over the 
course of 3500 years of complex society.  

To help address these questions we apply hydrogen 
(δDwax) and carbon (δ13Cwax) isotopic records of plant waxes 
from two lake sediment cores from the northern and southern 
Maya Lowlands to assess patterns of aridity and C4 plant 
abundance. δDwax records confirm the occurrence of drought in 
both the northern and southern lowlands during the Terminal 
Classic and also indicate drought in the southern Lowlands 
during the Early Classic period (200 to 600 CE). δDwax in 
modern lake sediments and soils from across the Maya 
Lowlands is correlated with spatial variability in annual 
precipitation, and comparison of δDwax records from the two 
lake cores provides an indicator of relative hydroclimate 
change in the northern and southern Lowlands. This 
comparison points to relatively stronger drought in the 
southern Lowlands that likely contributed to the greater extent 
of societal disruption there. δ13Cwax records indicate decreasing 
C4 plants in both lake catchments during the Early Classic 
period, consistent with archaeological evidence for a shift from 
extensive upland agriculture to intensive wetland agriculture. 
Lower δ13Cwax values coincide with evidence for drought in the 
southern Lowlands, suggesting that this change in land use 
occurred in response to climate change. These results imply 
that the ancient Maya adapted to earlier drought intervals, but 
that these adaptations largely failed during the more intense 
droughts of the Terminal Classic. 
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Carbonate biominerals contain impurities and other 

composition information that may be used to infer past 
environments. Molluscs, which occur in coastal habitats 
worldwide over spans of geologic time, offer remarkable 
opportunities to decipher shifts in environmental conditions. 
Early studies are founded on the assumption that composition 
and isotopic signatures reflect partitioning between mineral 
and local environment during growth by an ion-by-ion 
attachment process. Realization that some biominerals begin 
from amorphous phases raises questions of where and how 
signatures are determined during the path to crystal products. 

This presentation highlights findings from our recent 
studies of the amorphous calcium carbonate (ACC) to calcite 
and aragonite transformation to quantify controls of solution 
chemistry and physical agitation on the Mg content of calcite 
that forms by a nonclassical mineralization process. Insights 
are based upon experiments designed to use characterized 
solutions in a flow-through environment where chemistry was 
maintained constant [1]. Added experiments used stable 
isotopic tracers.  

Higher pH and higher carbonate activities slow the rate of 
ACC to calcite transformation to favor higher Mg contents [2]. 
Thus, conditions provide a proxy for solution composition, but 
relationships indicate an apparent effect through slower 
kinetics. Isotopic labeling experiments suggest the extent of 
mixing between the initial ACC and labeled solution agrees 
well with a dissolution/reprecipitation pathway and indicates 
calcites record local environment at the time of transformation 
[3]. Very high Mg ACC is produced by regulating inorganic 
chemistry through a systematic relationship to local pH and 
total carbonate concentration at the time of formation. These 
high Mg ACC transform to a reduced Mg calcite, whereas low 
Mg ACC transforms to calcite of similar composition. 
Agitation affects polymorph selction with monohydrocalcite 
and calcite forming in stirred and unstirred environments, 
respectively. The interplay of factors reiterate the dependence 
of rate and composition on local environment and demonstates 
plausible origins of vital effects in carbonates that form by an 
ACC pathway.  

 
[1] Blue et al (2013) Methods in Enzymology, 532, 259-308 [2] 
Blue et al in review. [3] Giuffre et al in prep. 
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The rise of biological minerals is one of the most 

remarkable events in the timeline of mineral evolution [1]. Of 
particular interest is the emergence of organisms that could 
actively control the nucleation and growth of minerals that 
conferred functional advantages. By the beginning of the 
Phanerozoic, organisms from many different phyla had 
developed the biochemical machinery to direct the location, 
timing, morphology and polymorphs that develop within 
mineralized tissues through genetic controls. The resulting 
structures, preserved as hard parts in the fossil record, 
document the co-evolution of earth and life. Through their 
skeletal composition, they chronicle shifts in environmental 
conditions over geologic time. 

As evidenced by the many sessions at this Goldschmidt 
conference that explore mineralization in biological settings, 
there are expanding interests in understanding the fundamental 
processes by which biominerals are formed. Investigations of 
mineralization mechanisms and controls on composition and 
morpohological patterns are unprecedented in studies that are 
working to decipher biomineral construction from the nano- to 
organismal scale. This presentation will highlight some of 
those efforts with an emphasis on what we are learning about 
the processes that regulate the accumulation of mineral 
components, the role(s) of biochemical constituents in the 
organic matrix, controls on composition, and and the 
transformation processes that lead to biomineral assembly. 

 
[1] Hazen (2010) Mineral Evolution, Elements, 6. 
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A new sequential extraction scheme for As-rich mine 

waste materials has been developed and tested for arsenic 
partitioning in a range of both synthetic As-bearing minerals as 
well as natural mine waste materials. This sequential extraction 
procedure employs five extraction steps to quantify the 
following forms of arsenic: (1) water-soluble (H2O extractable 
in the inert atmosphere), (2) specifically-sorbed (phosphate 
extractable), (3) amorphous and poorly-crystalline arsenates 
and oxides (oxalate extractable in the dark), (4) well-
crystallized arsenates and oxides (hot oxalate extractable), and 
(5) sulfide- and arsenide-bound (KClO3/HCl digestible). Given 
its intended use for mine waste materials (which frequently 
contain sulfides, arsenates, and oxides), a primary aim of this 
new sequential procedure was to differentiate arsenic bound to 
amorphous arsenates and oxides from arsenic bound to well-
crystalline arsenates and oxides as well as arsenic contained by 
sulfides. The results demonstrated that dissolution of 
arsenopyrite was effectively isolated in the last extraction step, 
with dissolution of crystalline oxides and arsenates (i.e. 
goethite, jarosite, scorodite) occurring in the fourth extraction 
step, and the amorphous and poorly-crystalline phases (i.e. 
ferrihydrite, schwertmannite, amorphous ferric arsenate) in the 
third extraction step. 

Following a systematic examination of these synthetic 
arsenic-bearing mineral phases, the sequential scheme was 
applied to twelve synthetic mineral mixtures and different 
natural mine waste materials. Partitioning data for amorphous 
arsenates/oxides, crystalline arsenates/oxides and sulfide-
bearing arsenic showed good agreements with those calculated 
in the synthetic mineral mixtures, expected in different natural 
mine waste materials. The pooled amount of arsenic recovered 
from all fractions using the method developed was similar (91-
112%, n=34) to the total arsenic extracted by acid digestion. 
This implies that the new sequential extraction scheme is 
suitable for the assessment of arsenic partitioning in mine 
waste materials. 
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The mechanistic aspects of coral calcification at the 

molecular, cellular, and tissue levels are poorly understood. In 
this study, we examine calcium carbonate precipitation using 
novel coral tissue cultures (“nano-polyps”). Our goal has been 
to establish a cell culture system that facilitates calcification at 
a cellular level, while simultaneously allowing in-vitro 
manipulations of the calcifying fluid, thereby enabling us to 
study the biomineralization process and its implications for 
coralline geochemical proxies. To date, we have maintained 
viable cell cultures from symbiont-bearing corals for up to 8 
weeks. Using a seawater-enriched medium with a carbonate 
saturation state similar to open ocean surface waters (aragonite 
saturation state Ω arag ~4), the primary tissue culture assembles 
nano-polyps that produce extracellular organic matrix (EOM) 
and precipitate aragonite crystals. EOM contains several 
proteins previously identified in coral skeleton. The 
extracellular aragonite crystals, from 1 to 10 µm in length, 
originate from the nano-polyps and are identified by their 
distinctive elongated crystallography and X-ray diffraction 
pattern. In contrast, no inorganic CaCO3 production occurs in 
control experiments. Under these experimental conditions, the 
EOM and aragonite crystal production from nano-polyps is 
apparently independent of photosynthetic rates. Our results 
demonstrate that the nano-polyps aggregated from primary 
coral tissue culture function from a biomineralization 
perspective similar to whole coral, therefore providing a novel 
tool for investigations of the calcification mechanisms. 
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Mercury (Hg) is a persistent contaminant threatening the 

environment and human health. Past and present Hg 
contaminations of surface waters are of major concern due to 
the potential of Hg to accumulate in biota and magnify along 
the food chain. Primary producers, such as periphytic 
communities, are the entry point of Hg in food webs. Therefore 
understanding the relationship between Hg contamination and 
its uptake by periphyton is crucial to get a better 
comprehension of Hg fate in natural waters. The link between 
Hg contaminations, accumulation and periphyton composition 
was thus explored in several cascade reservoirs on River Olt 
basin in Rm Valcea region (Romania) contaminated by Hg 
from past activities of a chlor-alkali plant. Periphytic 
communities grown on artificial substrata for two weeks were 
studied in four sites along the Hg pollution gradient (Babeni 
(B), Zavideni (Z) and Dragasani (D)) and in a upstream 
reference site, Valcea (V). Results demonstrated a higher Hg 
content in periphyton collected in Babeni and Dragasani. The 
BAF ranged from 1.7x107 L/kg for a periphyton from 
Dragasani to 3.8x106 L/kg for Zavideni. The degree of 
colonization decreased from ca. 60% for the reference site to 
28% for Babeni, similarly to the biotic fraction. Phylogenetic 
diversity characterisation revealed that Protobacteria were the 
most abundant phylum in the periphytic communities at all 
sites. High cyanobacterial counts were found in Babeni, while 
Bacteriodetes dominated in the other sites. qPCR analysis 
demonstrated that the abundance of mercuric reductase genes 
(merA) responsible for Hg reduction and demethylation 
decrease in periphyton (B>Z>D~V) with decrease of total Hg 
concentrations in water. By contrast the abundance of dsrA 
genes specific for sulphate reducing bacteria and Geobacter 
cytochrome c oxidase gene – gcs (B~D>Z>V) were better 
correlated with the amount of Hg content in periphyton. The 
abundance of HgcB gene was much higher in periphyton from 
Zavideni than that from Babeni. Taken together, the results 
show a strong effect of Hg contamination on periphyton 
community composition and point out their suitability as Hg 
contamination bioindicators.  
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Paleowetland development of the late Pleistocene 

During the late Pleistocene, increased groundwater 
discharge in the SW US formed widespread paleowetlands 
(Quade, 1986). Paleowetlands formed during wet/cool cycles 
due to increased precipitation and collapsed during dry/warm 
cycles (Pigati et al., 2009). The origin of increased moisture is 
controversial. Asmerom et al. (2010) argued for a southward 
shift of the westerlies (SOW) that increased seasonal 
proportions of winter precipitation (stabilizing C3 vegetation) 
sourced from the eastern Pacific. In contrast, Lyle et al. (2012) 
argued for enhanced summer precipitation (stabilizing C4 
grasses) originating out of the tropics (OOT). Isotopic data 
from mammalian tooth enamel can resolve which moisture 
source stablized paleowetlands in the southwestern US during 
the late Pleistocene.  
Data Analysis and isotopic implications 

Enamel samples of water-sensitive grazers (e.g. Bison, 
Equus and Mammuthus) and a browser Camelops from warm 
vs. cool cycles were analyzed for δ13C and δ18O. In climates 
with increased summer precipitation, grazers would consume 
more C4 vegetation and Camelops would consume C3. In 
environments with enhaced winter precipitation (such as 
today) grazers would consume more C3 vegetation, whereas 
Camelops might consume saltbush (C4 halophyte). 

Data suggest elevated δ13C and δ18O values (δ13C > 8‰) 
for grazers from cool/wet cycles and lower δ13C and δ18O 
values (δ13C < 8‰) from warm/dry cycles. Elevated δ13C and 
δ18O values during cool cycles indicate increased C4 grass 
consumption and summer precipitation, supporting the OOT 
model. Decreased δ13C and δ18O values during warm cycles 
indicate increased C3 consumption and winter precipitation, 
supporting the SOW model.  

Climate models and recent observational trends predict 
higher temperatures and lower water runoff in the American 
Southwest. Modern desert ecosystems rely on wetlands, and 
given their potential delicacy, this study may provide insight 
into how modern wetlands and fauna and biota will transition 
to the next century’s significantly warmer climate. 
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Microbial mats found in bottom sediments of ancient gold 

mine located in Zloty Stok (SW Poland) are example of highly 
diversified community adapted to function in extreme 
environment. It can grow in the presence of different heavy 
metal minerals [like arsenic (loellingite, scorodite, 
arsenopyrite), iron (magnetite, pyrrhotine, pyrite) lead 
(galena), zinc (sphalerite) and copper (chalcopyrite)] as well as 
high concentration of soluble forms of heavy metal (like As, 
Co, Cu, Fe, Ni, Mn) compounds. Adaptation to survive under 
such unfavorable conditions is determined by physiological 
and genetical abilities of the individual bacteria, as well as the 
whole community. 

The aim of this work was identification of genes present in 
metagenome of the microbial mats associated with 
transformation of metals and metalloids, and assigning them to 
the individual bacteria creating the structure of microbial mats. 

To asses the genetic potential of organisms found within 
microbial mats to mobilize heavy metals a shotgun sequencing 
strategy of metagenomic DNA was used. Obtained NGS data 
were analysed using query sequences of proteins associated 
with specific autotrophic (CO2 fixation) pathways, electron 
transfer involving C, Fe, S, As, N, H2 or O2 and heavy metal 
detoxification systems (for Ag+, AsO2-, AsO4

3-, Cd2+, Co2+, 
CrO4

2-, Cu2+, Hg2+, Ni2+, Pb2+, and Zn2+). 
The metagenomic analysis of microbial mats showed that 

the most abundant group of microorganisms able to transform 
mineral deposits and heavy metal compounds are 
chemolitoautotrophic bacteria with genes responsible for CO2 
binding as well as iron, sulfur and arsenic oxidation. Moreover, 
metagenomic data suggest that methanotrophs, highly 
represented in microbial mat, play an important role in 
dissolution of many metal minerals. 
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Speleothems are valuable archives of climate change but 

resolution of annual records has been elusive. Analysis of 4796 
counts of annual UV fluorescent (UVf) laminae observed in 
polished thin sections of 15 a cm-long speleothem collected 
from Raccoon Mountain Cave near Chattanooga, TN, as well 
as 305 stable carbon and oxygen isotope measurements permits 
refined interpretations of mid- and late Holocene paleoclimate 
records in the southeastern US. Eleven high-precision U/Th 
dates spanning the past 15 ka constrain ages of mid- and late 
Holocene annual records. Speleothem UVF laminae average15 
μm/yr, identical to that determined for the middle and late 
Holocene portions of the speleothem (7600-796 yr BP) based 
on the U/Th ages and interval thicknesses. UVf laminae counts 
between paired U/Th ages are also consistent with determined 
ages and their uncertainties. The Mid-Holocene Thermal 
Maximum is characterized by 100-400 yr intervals of drought 
with thin deposits (3-10 μm/yr) punctuated by shorter periods 
(5-20 yr) of higher rainfall with thicker deposits (30-80 μm/yr), 
and with occasional high-rainfall “extreme” events (annual 
deposits as thick as 150-170 μm). The Late Holocene, in 
comparison, is characterized by overall wetter conditions and 
more regular (sinusoidal curve) behavior suggesting 50-100 yr 
cycles of higher and lower rainfall, with deposits ranging from 
5-30 μm/yr. Possible millennial-scale (1400-1500 yr) Bond 
Cycle events are also recorded (Little Ice Age, B1-B5) 
manifested by major dissolution surfaces abruptly overlain by 
bright UVf deposits.  

Statistical analyses using lag 2 Vector Momentum 
Threshold Autoregressive Models quantifies the relationship 
between δ13C and δ18O, dependent upon the momentum in the 
climate indicated by changes in UVf laminae thickness. 
Rainfall records established for the speleothem agree with 
recent carbon isotope records from floodplain deposits and 
buried soils from both the Great Plains and eastern US. This 
method should be used to examine other speleothems in order 
to resolve detailed paleo-rainfall records, provided 
preservation of UVf laminae exists.  

 
[1] Li, Z.-H., Driese, S.G., and Cheng, H., 2013, 
Sedimentology. doi: 10.1111/sed.12078. 
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In practice, a wide range of models have been employed to 

describe the partitioning of stable isotopes between reactant 
and product species during heterogeneous reactions. These 
approaches vary in complexity and degree of parameterization 
from simple Rayleigh distillation to transition-state-theory to 
ion-by-ion descriptions of isotopic partitioning associated with 
mineral growth and dissolution. Under carefully constructed 
laboratory conditions, the advantages of more rigorous models 
can be shown. The question remains, however: when faced 
with the need to quantify an observed isotope fractionation at 
the field scale, which model is appropriate? 

We will present examples of metal stable isotope 
fractionation during secondary mineral formation to study the 
conditions under which particular models are necessary to 
reproduce observed behavior. We suggest that a distillation 
model is insufficient to describe isotopic partitioning 
associated with a reversible departure from equilibrium. 
Moving to a more rigorous description raises a critical issue: 
namely that analytical solutions for the description of isotope 
fractionation during reversible reactions are based on the 
assumption that the isotopic composition of the mineral surface 
is at steady state. This assumption is not valid for systems in 
which the saturation state can vary. Therefore a numerical 
modeling approach is adopted to employ isotope-specific 
transition-state-theory rate laws. We demonstrate that for most 
conditions, this method can accurately reproduce the observed 
trend in metal stable isotope fractionation during mineral 
growth. However, important exceptions are noted, such as 
when the ratio of reactant ions in solution approaches unity. 
Laboratory studies have demonstrated that the rate of mineral 
growth may be influenced by this ratio, which is not described 
by a transition-state-theory rate law. As a result under these 
conditions an ion-by-ion growth model is employed to 
accurately describe stable isotope partitioning. 
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Differences in climate, geological background and 
anthropogenic activities make investigations of high arsenic 
groundwater in the Jianghan Plain different from those in other 
regions [1]. In this study, a systematic survey of the 
groundwater quality was carried out, 657 groundwater samples 
were collected from the Jianghan Plain between the Yangtze 
and Han rivers. Major constituents, trace elements, dissolved 
organic carbon (DOC), and stable hydrogen and oxygen 
isotopic compositions were analyzed to characterize 
groundwater chemistry and evaluate the factors controlling 
arsenic concentration and distribution in the plain. 

 The results show that the groundwater is mainly HCO3
-

Ca•Mg type with circum-neutral pH. Negative Eh and high 
concentrations of DOC clearly indicate strongly reducing 
conditions with abundant organic matter in the groundwater 
aquifers. The characteristics of H/O stable isotopes 
demonstrate that the groundwater in the study area is recharged 
by local precipitation and there is a slow evaporation effect. 
About 54% of the groundwater samples had As concentrations 
exceeding the WHO recommended value of 10 μg/L, up to 
2330 μg/L. Spatial distribution of arsenic in groundwater was 
highly heterogeneous, high arsenic groundwater was mainly 
distributed along the Dongjing and Tongshun rivers, including 
three high arsenic villages: Nanhong, Yaohe, and Tanzihu. 
Vertically, high arsenic concentrations mainly occurred 
between depths of 10 and 45 m below the ground, which is the 
depth of most residential wells in this region. High 
concentrations of dissolved Fe (maximum value, 33 mg/L) and 
Mn (maximum value, 7 mg/L) were also observed in 
groundwater. The main potential mechanism for the release of 
As is the reductive dissolution of Fe and Mn oxides/hydroxides 
under reducing conditions, while microbial degradation of 
organic matter also facilitate the release of arsenic into 
groundwater.  

 
[1] Guo et al (2014) Appl Geochem. 41:196-217. 
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Accurate assessment of the radiative forcing by 
carbonaceous absorbing aerosols emitted by fossil energy use 
and fires that could be the 2nd largest warming agent but are 
also very most uncertain is a priority. We report the following 
validated parameterizations by integrating laboratory & field 
observations. (1) Single scattering albedo (ω) of fresh biomass 
burning (BB) aerosols produced from 92 controlled laboratory 
combustion experiments of 20 different woods and grasses was 
analysed to determine the factors that control the variability in 
ω. Results show that ω varies strongly with fire-integrated 
modified combustion efficiency (MCEFI)—higher MCEFI 
results in lower ω values and greater spectral dependence of ω. 
A parameterization of ω as a function of MCEFI for fresh BB 
aerosols is derived from the laboratory data and is evaluated by 
field observations from two wildfires. (2) We report the first 
direct evidence of substantial absorption enhancement for 
internally mixed black carbon (BC) at and around London. 
While the absorption enhancement is due to coated BC 
particles at emission in urban regions, the absorption 
enhancement increases with photochemical aging in rural 
areas, consistent with theoretical predictions and laboratory 
experiments. Our field results support parameterizations of 
enhanced light absorption by internally mixed BC in climate 
models and identifies mixed biomass and fossil combustion 
regions where this effect is large. 
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Understanding the behaviour of U(VI) in soils and aquifers 

is crucial for controlling the impact of anthropogenic U 
contamination. For example, U concentrations up to 1.8 µM 
persist in the aquifer of the Old Rifle DOE site in Colorado, 
even after “cleaning” the waste source of contaminations [1]. 
Direct investigations of U speciation at this site have shown 
that U is associated with a wide variety of mineral phases as 
well as with natural organic matter (NOM) [2]. NOM is known 
to (i) form organo-mineral-metal (ternary) complexes affecting 
the partitioning of actinides, (ii) catalyze redox 
transformations, and (iii) enhance mineral dissolution and 
metal transport [3,4,5].  

In order to understand the effect(s) of NOM on the fate of 
uranium in soils, and to identify the conditions that enhance or 
retard them, U sorption rates and speciation were investigated 
in the batch ternary system ferrihydrite-humic acids-U(VI). 
Nanoparticulate ferrihydrite (Fh) was chosen because it is 
abundant in the subsurface at the Rifle site and ubiquitous in 
soils. In addition, it is highly reactive to metal ions and is 
expected to significantly influence the fate of U.  

Our results show that humic acids affect, albeit slightly, the 
proportion of uranium retained by ferrihydrite, and it increases 
the proportion of easily exchangeable uranium. These effects 
depend on the proportion of humic acids and on the sequence 
in which humics and uranium enter the system. Results from U 
LIII edge EXAFS spectroscopy suggest the partitioning and 
exchange reactions are linked to variations in the proportion of 
uranium associated with ferrihydrite versus humic acids. 

 
[1] Campbell K.M. et al (2012) Applied Geochemistry 27, 
1499–1511 [2] Maher K. et al (2012) Inorganic Chemistry 52, 
3510−3532. [3] Means J.L. and Crerar D.A. (1978) Science 
200, 1477-1481 [4] Ludwig C. et al (1995) Nature 375, 44-47 
[5] Gu B. et al (2005) 39, 5268-5275 
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In recent years neodymium has been used more and more 

to observe ocean circulation, past and present. However, 
neodymium is a quasi-conservative tracer [1], suggesting 
processes other than water mass mixing can alter the 
neodymium isotopic composition of seawater. Neodymium can 
be exchanged between particles and seawater, altering the 
isotopic composition of the water [2,3]. Here, the North 
Atlantic Deep Western Boundary Current and its constituent 
water masses will be observed and attempt to identify the 
processes controlling neodymium input and export, altering its 
isotopic composition. Using well known water mass tracers 
like temperature and salinity and with the use of computer 
generated models; deviations from the expected profile could 
be the result of processes such as boundary exchange [3]. In 
order to effectively observe changes in past ocean circulation 
with neodymium isotopic composition, the processes 
controlling present neodymium isotopic composition must be 
understood. 
 
[1] Piepgras, D. J., and G. J. Wasserburg. (1987), Rare earth 
element transport in the western North Atlantic inferred from 
isotopic observations, Geochim. Cosmochim. Acta, 51, 1257-
1271 [2] Elderfield, H. (1987), Rare earth elements in the pore 
waters of reducing nearshore sediments. Earth Planet. Sci. 
Lett. 82, 280-288 [3] Jeandel, C., T. Arsouze, F. Lacan, P. 
Techine, and J. C. Dutay (2007), Isotopic Nd compositions and 
concentrations of the lithogenic inputs into the ocean: A 
compilation, with an emphasis on the margins, Chem. Geol., 
239, 156–164 
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Knowledge of the factors that affect the rates of iron 

monosulfide (FeS) oxidative dissolution is essential for 
characterizing the natural and industrial processes (acid mine 
drainage (AMD), metal extraction or treatment of mineral 
wastes).  

This study takes into consideration the results obtained in 
our laboratory on FeS oxidative dissolution via the 
combination of aqueous batch experiments, potentiodynamic 
polarization measurements, cyclic voltammetry and 
spectroscopic analysis (Raman, Fourier Transform Infrared 
Spectroscopy (FTIR) and Electrochemical Impedance 
Spectroscopy (EIS)).  

The obtained data indicate that reaction rate depends on the 
exposed surface, pH and temperature. In contrast, the rate of 
FeS oxidative dissolution is less influenced by the 
concentration of the oxidant (O2 or Fe3+). Minor influence of 
oxidant concentration on the reaction rate can be attributed to 
the formation of an inhibiting surface layer consisting of 
reaction products hardly crossed by the acceptors of electrons. 
The main reaction products of FeS oxidative dissolution were 
polysulfide (Sn

2-), elemental sulfur (S0) and iron (Fe2+ and Fe3+) 
oxyhydroxides.  

It is important to note that the rates of FeS oxidative 
dissolution are influenced by the concentration of dissolved 
organic matter. Most probably the interaction between FeS and 
organic structures is mediated by iron atoms presents on 
mineral surface. 

 
This work was supported by a grant of the Romanian 

National Authority for Scientific Research, CNDI– 
UEFISCDI, project number 51/2012. 
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FeS oxidative dissolution is an important source of 

environmental pollution by producing acid mine drainage 
(AMD). It is therefore essential to know the factors that control 
the interaction of FeS with oxidant solutions (pH, temperature, 
concentration of organic compounds, etc.). This study is aimed 
at investigating the effect of sulfosalicylic acid (an iron ligand) 
on the oxidative dissolution of FeS in aerated HCl solutions by 
using electrochemical methods. The surfaces of initial and 
reacted FeS were analyzed under optical microscope. 

The experiments were performed in a three electrode 
electrochemical cell (Zahner KMZ3). The working electrode 
was made of synthetic FeS. The pH of the solutions was 2.5 
and the temperature 25oC. The concentration of sulfosalicylic 
acid (SSA) ranged between 0.1 and 1 mM. 

The oxidation current density (iox) in the absence of SSA 
was 64 A cm-2. iox increased up to 76 A cm-2 when the 
concentration of SSA increased up to 0.5 mM. Increasing SSA 
concentration up to 1 mM, iox decreased down to 59 A cm-2. 
The oxidation potential (Eox) slightly varied when the ligand 
concentration increased from 0 to 1 mM.  

The obtained results indicate that at concentrations 
between 0.1 and 0.5 mM SSA accelerates the transfer of the 
electrons from FeS to dissolved oxygen. At concentrations 
greater than 0.5 mM the rates of oxidation decrease, suggesting 
that in such conditions SSA hinders the contact between 
oxidant and FeS. 

 
This work was supported by a grant of the Romanian 

National Authority for Scientific Research, CNDI– 
UEFISCDI, project number 51/2012. 
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The golden age of geophysical exploration of blind 
Volcanogenic Massive Sulfide (VMS) ore deposits has come 
to an end. Since about 1985 the number of new ore bodies 
discovered by airborne geophysical exploration has fallen to 
nearly zero, causing exploration geologists to turn to other 
methods for detecting these blind VMS deposits from the 
surface. Surficial geochemistry has shown promise in detecting 
anomalous concentrations of metals overlying blind VMS 
deposits, although refinement is needed to target the most 
efficient methods of detection. This study is centered on the 
McIlvenna Bay Zn-Cu-Au-Ag VMS deposit in east central 
Saskatchewan, which is steeply dipping, and overlaid by 
Paleozoic dolostones, Ordovician glacial till, and a peat bog. 
As the deposit is oxidized, metals migrate upwards through the 
dolostones and till where they are bound to organic ligands. 
Such peat bogs are often recognized as “geochemical sieves” 
and they allow a small signal from below to become amplified 
over time, resulting in a detectable anomaly at the surface. 

Samples of both pore water and peat cores were taken at 
the surface, and at a depth of 50 cm to determine where an 
anomaly in metal concentration is strongest and most easily 
detectable, for application in future exploration sites. 
Preliminary results do not show any significant trends in metal 
concentrations in the pore water. The labile phase of the peat 
samples at 50cm depth, however display a spike in indicator 
metals directly over the surface projection of the ore body. 
Further chemical testing is ongoing to discern any additional 
significant trends in the more strongly bound phases of the 
peat. 
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Llaima has erupted frequently in historic time, the growth 

of its late Holocene cone is dominated by mafic magmas (~51-
56 % SiO2), many eruptions begin as violent Strombolian 
events followed by weeks to years of lava extrusion, and many 
of the mafic lavas are crystal-rich (35-55%) with plag/oliv 
~10:1. Summit and flank vents are controlled by intersections 
of three fault trends. Llow melt inclusion entrapment pressures 
of compositionally diverse glasses indicate that magmas are 
stored in shallow conduit-like reservoirs as crystal mushes (up 
to 70% solids) that are maintained in an ‘eruptible state’ by 
low levels of water-rich magma recharge between eruptions. 
Erupted magmas are heterogeneous for major and trace 
elements, and U-Pa-Th-Ra activity ratios, and they are the 
products of multi-component open systems. Plagioclase 
typically records many cycles of recharge followed by pre-
eruptive growth in sub-volcanic mushes. Hundreds of olivine 
core-rim traverses from 35 samples (3-8 thin sections from 8 
historic eruptions) generally show that each thin section 
contains olivines with variably diverse crystallization histories: 
(1) Core compositions are Fo84-68, almost irrespective of 
magma composition or eruption. (2) Olivines in single thin 
sections have diverse zoning profiles, some of which feature 
substantial high-Fo shoulders at or near their rims. (3) Outer 
rim compositions are almost as variable as cores, although 
many in lavas record steep, late zoning trends to Fo65-50. (4) 
Outermost rim compositions in some samples converge on 
intermediate Fo-values, particularly in tephra. These 
observations are explained as the consequences of distributed 
magma intrusion into multiple dike-like reservoirs containing 
crystal-rich residues of variable bulk composition, residence 
times, crystallinity, and magmatic history (degree of fractional 
crystallization and amount of assimilation). Explosive 
eruptions usually occur when recharge is sufficiently vigorous 
to break through to the surface, thereby remobilizing diverse 
mush bodies, which then are entrained and mixed with 
recharge magma to generate lavas. 
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Reactivity of model Ca-Mg-alkali-
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systems 
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Four Ca-Mg-alkali-aluminosilicate glasses were 
synthesised as a model to study and clarify the reactivity of 
a calcareous fly ash (CFA) in a portland cement (PC) system. 

Using a novel SEM-EDX image analysis technique groups 
of specific chemical compositions were identified in an 
example CFA. The most important ones served as a basis to 
decide on the composition of the glasses to be synthesised 
(fig. 1). 

 
 
 
 
 
 
 
 
 
 
 

 
Dissolution experiments were carried out in NaOH pH 13 

solution as described in [1]. The degrees of reaction of the 
synthetic glasses were measured after 1, 7, 28, 56 days of 
hydration by SEM-EDX on paste samples containing 55 wt.% 
PC and 45 wt.% glass. A comparison was made with a paste 
sample containing 55 wt.% PC and 45 wt.% CFA (fig. 2). 

 
 
 
 
 
 
 
 

 

 
[1] Snellings (2013), J. Am. Ceram. Soc. 96, 2467-2475 

Figure 3. Reaction of the subclasses of fly ash in a 55 
wt.% PC – 45 wt.% CFA system 
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Figure 2. Synthetic glass composition superimposed on a 
ternary density plot of chemical composition of CFA 
(atomic %) 
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The search to provide insights into the Earth’s evolution is 

increasingly found in the chemistry of accessory minerals. 
Members of the tourmaline supergroup retain signatures 
spanning the realm of processes; from magmatic growth, to 
thermal and baric conditions of burial, to infiltrative fluid 
compositions and their origins, to sedimentary provenance, and 
to the age of the rock’s formation and its resurfacing. In some 
cases, all of these can be found in a single crystal. While 
decoding the processs information is more complete in some 
areas, recent advances in, for example, provenance studies, 
trace-element compositions, and thermochemistry, yield new 
insights into the petrogenetic utility of tourmaline. New 
directions manifest, in part, from tourmalines’ ever- expanding 
compositional realm.  

Since the 2011 Tourmaline issue, the number of tourmaline 
species has nearly doubled (from 18 to 30). Twelve new 
species have been reported, predicted based on interplay of the 
crystal chemical and crystallographic constraints (Henry et al 
2011). Many of the new endmembers involve occupany of the 
(W) anion site to produce oxy- and fluor- dominant species, 
compositions that typically track their (hydrothermal) fluid 
envelope. For instance, the oxy-dravite - povondraite (O-P) 
trend appears to be diagnostic of growth in low temperature 
hypersaline environments, compositional signatures that are 
retained through metamorphism. Fluorine content in 
tourmaline often reflects magmatic fractination. In tourmaline 
in contrast, ultra-high pressure environments appears to be 
characterized by high K contents in the large X cation site. 
Thus, tourmaline’s geochemical thermal-baric-fluid fingerprint 
extends from near surface conditions to the deep mantle.  

These chemical identities are used increasingly as an 
exploration tool for precious metal deposits or for 
reconstructing paleogeography. As sediment provenance is 
increasingly used to track changes in sediment supply and 
drainage patterns, tourmaline - long known as one of the ‘big 
three’ heavy minerals - is now capable of providing subtle 
chemical signatures that elludicate specific rock units and 
information on paleotopographic evolution. This richness in 
tourmaline chemistry lends itself to new techniques for 
determining provenance.  

As one of the earliest formed minerals in the crust, 
tourmaline contines to record the geologic history across the 
environmental spectrum of the Earth. 
 
[1] Henry, D. J. et al (2011) Am. Min. 96, 895-913  
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Hierarchical accretion, melting by 
short circuits, and the origins of 

chondritic planetesimals 
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3Kingsborough College, City University of New York 
4Niels Bohr International Academy, Niels Bohr Institute, 

Blegdamsvej 17, 2100 Copenhagen, Denmark 
 

Refractory CAIs and chondrules contain many elements in 
abundances complementary to those in the low-temperature 
matrix component, yielding solar proportions in chondritic 
meteorites [1-5]. Kuiper belt Comet Wild2 contains refractory 
inclusions similar to but much smaller than inclusions in 
chondrites [6]. Hierarchical growth from d<1µm to d=1mm 
components [7] requires repeated highly local heat pulses 
(>1300 K) that preserve nearby presolar grains and 
macromolecular C, so all can accrete together into chondrites 
or cometary material, precursors to planets. 

Nebular dust heating models are criticized for lack of a 
heating mechanism [8]. However, recent magnetohydro-
dynamical models have demonstrated that dissipation of 
gravitational potential energy can drive the needed heating [9] 
through gravitational (GI) or magnetorotational instabilities 
(MRI). MRI creates current sheets, which can steepen from 
runaway thermal ionization [10,11], producing highly localized 
heating in dust-rich nebular regions. 

Current sheets could locally heat inclusion precursors that 
cool through Curie temperatures distal to high fields, recording 
low field strength paleomagnetism [12], without heating 
nearby matrix. The current sheet mechanism is consistent with 
complementarity and much of the observed phenomenology of 
chondrites and cometary materials. The spatial extent of MRI-
based heating is not fully understood. 
 
[1] Hezel & Palme (2010) EPSL 294, 85-93 [2] Crapster-
Pregont et al (2014) LPSC #1379 [3] Bland et al (2005) PNAS 
102, 13755-13760 [4] Lobo et al (2014) LPSC #1423. [5] Ebel 
et al (2008) MaPS 43, 1725-1740 [6] Nakamura et al (2008) 
Science 321, 1664-1667 [7] Reitmeijer (1998) MSA Rev. Min. 
36. [8] Melosh (2013, pers comm) [9] King & Pringle (2010) 
MNRAS 404, 1903-1909 [10] McNally et al (2013) ApJ 767, 
L2-7. [11] Ansari & Ebel (2014) this conference. [12] Fu et al 
(2014) LPSC #1420 



 Goldschmidt2014 Abstracts  
 

 

612 

612 

Sulfur concentration and isotope 
zoning in apatite crystals: 

implications and applications 
RITA C. ECONOMOS1 AND PATRICK BOEHNKE1 

1UCLA Department of Earth, Planetary and Space Sciences; 
595 Charles Young Dr. E. Los Angeles, CA 90095-1567 
economos@ucla.edu; pboehnke@ucla.edu 

 
Apatite is a common igneous accessory mineral with a 

high saturation temperature which can crystallize over a 
significant portion of magmatic compositional space. 
Compatibility of sulfate ions in apatite crystal structure allows 
for up to 1500-2000 ppm sulfur. Extreme immobility of sulfate 
ions in apatite allows for the preservation of S zoning at the 
sub-micron scale. We demonstrate that mid-crustal plutonic 
rocks with typical bulk S contents contain apatites with S 
zoning mappable by electron microprobe and that some grains 
contain high S cores that contain an early, important record of 
conditions of crystallization at the inception of apatite 
saturation. These apatites present the opportunity to interrogate 
a stage of magmatic processes that form the fundamental 
characteristics of arc magmas and that are under-constrained 
by accessory mineral studies. Analysis of S isotopic 
composition revealed significant core-rim variation which 
directly records the isotopic composition of the sulfate 
component of magmas. This variation is driven by temperature 
and a range of factors all related to fO2 of the magma, a 
petrologically critical but poorly constrained parameter. This 
method is independent of partition coefficients or absolute 
magmatic S concentration. 

CL and electron probe surveys identified high S 
concentration cores in ~10% of grains from a granitoids from 
the Cretaceous Cadiz Valley Batholith in the Mojave. Ratios of 
32S and 34S were determined by SIMS in core-rim transects. 
Absolute isotopic ratios were determined for a sampling of 
fragments of a single Durango apatite crystal (UCLA-DA1) by 
gas source mass spectrometry at 0.324‰ δ34SCDT. Fragments 
were then used as a standard to correct for in-run SIMS 
instrumental mass fractionation. High S concentrations and 
ionization efficiency of S allow for precisions of 0.3 – 0.5‰. 
High-S concentration apatite cores are on average ~1.5‰ 
higher in δ34S than rims and the lowest rim values and highest 
core values can vary by as much as 4‰. High S concentration 
and high δ34S in cores suggest oxidizing environments in 
magmas in the earliest stages of apatite crystallization, 
followed by reduction and/or temperature drop along with 
crystallization, consistent with ascent-driven degassing. 
Sulfide fractionation is not recorded by, therefore must have 
preceeded, apatite crystallization. 
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Quantifying Fe oxide – aqueous Fe(II) 
reduction potentials using mediated 

electrochemical analyses 
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Iron (Fe) (oxyhydr)oxides are important redox-active 

phases in the environment that influence the global cycling of 
major elements (such as C, N, and P), nutrient bioavailability, 
and the fate and transport of environmental contaminants. 
Despite their importance, Fe redox processes have proven to be 
both experimentally and conceptually difficult to study. In 
experiments, Fe oxide suspensions do not reach redox 
equilibrium with working or redox electrodes. Conceptually, 
Fe oxide and aqueous Fe(II) interactions are known to be 
complex and can involve several possibly irreversible 
processes, including sorption, interfacial electron transfer, and 
reductive dissolution. 

Here, we demonstrate that the experimental challenges 
associated with measuring reduction potential (EH) values of 
Fe oxide – aqueous Fe(II) redox couples can be overcome 
using novel mediated electrochemical analyses. Electron 
transfer mediators facilitate electron transfer between 
suspended oxide particles and electrodes, allowing for rapid 
redox equilibration to occur. Experiments were conducted in 
batch reactors containing goethite or hematite particles under 
different solution conditions (i.e., pH, dissolved Fe(II) 
concentrations). Using this approach, standard reduction 
potential (EH

0) values were determined for both oxides. The 
measured standard reduction potential values are in good 
agreement with estimated values in previous works. 
Experiments are currently underway to investigate the 
reversibility of electron transfer to and from the Fe oxides.  

This study demonstrates that mediated electrochemical 
analyses can be effectively used to analyze interfacial redox 
couples, and values collected here can be used to improve 
estimates of contaminant degradation rates and extents in 
aquatic systems.  
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3Pohang University of Science & Technology, South Korea 
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* Correspondence: timothy.eglinton@erdw.ethz.ch 
 

The central Arctic Ocean is undergoing dramatic change in 
recent years in relation to regional and global warming. 
Marked decreases in sea ice cover are accompanied by changes 
in freshwater and nutrient flux from surrounding continents. In 
an effort to further our understanding of biological productivity 
and associated biogeochemical processes in the cryopelagic 
Arctic Ocean, as well future pertubations to this system, we are 
undertaking time-series investigations in particle fluxes to 
seasonally and permanently ice-covered regions of the deep 
Canada Basin. The majority of observations stem from a 
bottom-tethered trap deployed at 3000 m (800 mab) in the 
southwest Canada Basin (75°N, 150°W), however time-series 
traps have also been deployed at different depths and in 
different quadrants of the basin. 

Particle flux observations, which began in 2004, have 
yielded several insights into the flux and origin of particulate 
matter settling to the deep Canada Basin: (i) Particle fluxes are 
very low relative to other oceans and indicative of a weak 
biological pump; (ii) Mass fluxes, which consist predominantly 
(80%) of lithogenic material and carry pre-aged organic carbon 
(14C age, ~1-4 kyr), are highest during maximum ice coverage 
at all locations, and decrease towards the interior of the Basin. 
These observations suggest that the dominant mode of particle 
supply is via lateral transport from surrounding margins; (iii) 
Neodymium isotopic analysis (detrital fraction) is used to 
constrain the origin of lithogenic particles, and indicates time-
varying inputs of resuspended sediments from the Mackenzie 
shelf and Beaufort/Chukchi shelf; (iv) Time-series sediment 
trap observations spanning the past decade, including periods 
encompassing recent intervals of record minimum sea ice 
cover, reveal no significant change in particle flux or 
composition to the deep Canada Basin. Key questions 
regarding if, how, and when biogeochemical fluxes in 
deepwaters of the cryopelagic central western Arctic Ocean 
will change in response to changing surface conditions 
therefore remain uncertain.  
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Lake sediments have the ability to record 
palaeoinformation that affords to identify trails of various 
bygone climate events. The aim of this study was to find out if 
sedimentary organic carbon and nitrate nitrogen dissolved in 
pore water (pOC and pNO3-N, respectively) and phosphorus 
(P) can be used for climate reconstruction. A 3.5-m sediment 
core of a large (3,555 km2) shallow (mean depth 7 m) Lake 
Peipsi (Northern Europe) was examined. Radiocarbon dating 
of the core revealed that in time it covers the last 10,000 yrs. 
Sediment P was categorised into different pools using a 4-step 
extraction procedure [1]. The concentrations of pNO3-N and 
pOC were determined directly from absorption spectra of pore 
water. The high-resolution scale (22–53 yrs) changes in the 
age-related distribution of pOC, pNO3-N and different P 
fractions were compared with well-known climate events that 
have occurred in the region over the Holocene [2–5].  

The ability of pOC, pNO3-N and P fractions to reflect 
climate changes was different. The fraction of loosely sorbed P 
was the only one in which the majority of the so-called rapid 
climate changes (RCCs), including an abrupt cooling around 
8,200 cal yrs BP, were noticeable. The 8.2 kyr event could not 
be inferred from in any other depth profile. In the pOC and 
pNO3-N distributions a short cold and wet period around 1500 
cal yrs BP could be most clearly observed. These distributions 
also indicated relatively well a sudden arid event around 4,500 
cal yrs BP.  

 
[1] Psenner et al (1988) Arch. Hydrobiol. Beih. Ergebn. 
Limnol. 30, 98–110 [2] Bond et al (1997) Science 278, 1257–
1266 [3] De Jong et al. (2009) Quat. Sci. Rev. 28, 54–64 [4] 
Mayewski et al. (2004) Quat. Res. 62, 243–255 [5] Seppä & 
Poska (2004) Quat. Res. 61, 22–31 
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The last fifteen years of orbital infrared spectroscopy and 

in-situ exploration have led to a new understanding of the 
composition and history of Mars. Mars’ primary composition 
is more homogenous than Earth’s. Mars has a basaltic upper 
crust with regional variations in the relative abundances of 
plagioclase, pyroxene, and olivine minerals that indicate 
spatiotemporal changes in magma composition and generation. 
Several >1,000-km-diameter impact basins with 
circumferential rock units enriched in high-Mg olivine may 
indicate excavation of the upper mantle or high-temperature 
lavas emplaced following impacts early in Mars history. In 
contrast, many later Noachian (>3.7 Gyr) and Hesperian (3.7-
3.1 Gyr) lavas on Mars are enriched in intermediate-Mg-
number olivine. Alkali or evolved rocks are rare on Mars but 
are found locally, indicating local-scale igneous fractional 
crystallization of magmas, differences in their source 
compositions, or other differences in igneous processes. 

A key discovery of the last decade has been the prevalence 
of rocks and sediments affected by secondary alteration and 
their preservation in stratigraphies. Clay minerals are 
widespread where there is exposure of Noachian crust, 
implying extensive global aqueous alteration at neutral to 
alkaline pH early in Mars history. Some portion of this 
alteration was hydrothermal and some was near-surface 
weathering. Groundwater played an important role in 
formation and diagenesis of clay minerals, and its upwelling 
produced large deposits of sulfates, hematite, and chlorides 
Paleolakes existed in late Noachian–early Hesperian Mars, 
roughly coincident with the timing of enhanced near-surface 
weathering inferred from aluminum clay formation. Some 
basins host sedimentary clay minerals and precipitated salts 
(sulfates, chlorides, carbonates). Salinity and pH differed 
regionally, as did the relative importance of detrital and 
precipitated sediments, as indicated by varied mineral 
assemblages. Many (but not all) hydrated mineral assemblages 
from the Hesperian have acid sulfate minerals such as iron and 
aluminum sulfates, implying more acidic conditions later in 
Mars history in some locations.Amazonian units do not 
generally have crystalline alteration minerals, implying 
substantially less water and aqueous alteration late in Mars 
history. 
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The isotopic ‘anatomies’ of organic molecules (i.e., their 

proportions of various isotopologues) potentially record 
temperatures of synthesis, metabolic sources and sinks, 
photochemical histories, mechanisms and conditions of 
‘cracking’ reactions during petroleum genesis, forensic 
identification, among other things. We describe mass 
spectrometric methods for measuring a large number and 
diversity of isotopologues of moderate molecular weight 
organics (≤ 200 amu), and initial efforts at complementary 
analysis through microwave spectroscopy.  

The measurements we present combine data from the 
Thermo 253-Ultra (a high resolution multi collector gas source 
isotope ratio mass spectrometer) and a modified Thermo DFS 
(a single collector gas source instrument capable of achieving 
exceptionally high mass resolutions, and modified by us for 
dual inlet analyses) [1]. We illustrate the capabilities of this 
system of mass spectrometers using results of three 
experiments: (1) determination of the multi-isotopologue 
fractionations associated with evaporation of n-hexane; (2) 
study of the preservation through EI ionization of site-specific 
H isotope labels on valproic acid (an anticonvulsant drug); and 
(3) description of methods for derivatizing amino acids and 
introducing them to these instruments through heated inlets.  

Results to-date indicate that this approach can measure 
several dozen singly- and multiply-substituted isotopologues, 
including site-specific differences, for alkanes and organic 
acids, with accuracy and precision of ~0.1-0.5 ‰ for 13C and 
2x13C species and ~1-5 ‰ D and 13C+D species. Sample sizes 
are typically 10’s of µmoles. Potential applications of such 
data will be discussed. 
 
[1] Eiler et al (2013), Abstract presented at the Fall AGU. 
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Sulfur Isotope Fractionations During 
The Oxidation of Sulfur Compounds 
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The multiple sulfur isotope fractionations accompanying 
the chemical oxidation of reduced (sulfide: H2S, HS-) and 
intermediate (sulfite: SO3

2-, HSO3
-) sulfur compounds via 

molecular oxygen have been investigated. Sulfide is produced 
during the anaerobic respiration of organic matter in marine 
sediments and euxinic basins. In the modern day, most (~80-
95%) of this sulfide is eventually cycled back to sulfate via a 
variety of biological and chemical oxidative processes. The 
isotope effects associated with oxidation have received 
relatively little attention—in particular, little is known of how 
the relationships between the major (34S/32S) and minor 
(33S/32S, 36S/32S) isotope ratios of sulfur are affected during 
oxidation. It remains unknown how these reactions affect the 
isotopic signals generated by other processes that produce 
more pronounced fractionations, e.g., DSR and 
disproportionating metabolisms. It is also unclear whether the 
biological and chemical processes of oxidation can be teased 
apart based on the fractionations they produce. 

Preliminary chemical sulfide oxidation experiments at 
25.0˚C have revealed a relatively small ‘normal’ isotope 
fractionation with respect to the major isotope ratios 
(1000ln34αP-R = -3.26 ± 0.76 ‰, 2 s.d., 2 expt.), consistent with 
previous studies [1], and a small shift in Δ33S (Δ33SP-R = 0.040 
± 0.006 ‰, 2 s.d., 2 expt.). Subsequent ongoing experiments 
have been designed around reaction kinetics and the analysis 
of intermediates/products (i.e., sulfite, thiosulfate, and sulfate) 
to tie rates and product distributions to the observed isotope 
fractionations, with the aim of gaining insight into the origin of 
the relatively small but significant Δ33S effect. 

Sulfite is a major intermediate produced during sulfide 
oxidation and its oxidation is the primary pathway of sulfate 
production in chemical sulfide oxidation experiments [e.g., 2]. 
Separate experiments investigating its oxidation have also been 
carried out, revealing an apparent reversal in the direction of 
major isotope fractionation depending on pH/speciation. 
Linking rates and mechanisms to isotope fractionations during 
these reactions are also actively being investigated with the 
aim of determing the consequences of these fractionations on 
the overall chemical oxidation of sulfide. 
 
[1] Fry, Ruf, Gest, and Hayes (1988) Chem. Geol. V. 73,  
205-210 [2] Zhang & Millero (1993) GCA V. 57, 1705-1718 
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Recently, we identified two genes responsible for MeHg 

generation in Bacteria and predicted new methylators in the 
Firmicutes and Methanogens (1). We confirmed this prediction 
which increased the diversity of known methylators (2). We 
have utilized these results and established molecular tools and 
protocols for the detection and quantification of the 
methylmercury generating genes hgcAB as well as their 
transcripts in the environment. While construction of 
“universal primers” was not feasible, degenerate primers 
spanning both essential genes (hgcA and hgcB) were 
constructed specifically for the Deltaproteobacteria, the 
Firmicutes and the Methanogens. Degenerate qPCR and RT-
qPCR primers to quantify the genomic potential and 
transcribed hgcAB by each clade in a given environment were 
constructed. Sequencing and identification of all hgcAB 
amplicons in coordination with 16S rRNA gene sequencing for 
each environment may allow determination of each clades 
contribution to MeHg generation and what fraction of the 
community in a given environment can methylate. 
Coordination of the molecular data with geochemical and 
physiochemical parameters is likely to elucidate new 
predictive information for Hg methylation potentials.  
 
[1] Parks, J. M. et al The genetic basis for bacterial mercury 
methylation. Science 2013, 339 (6125), 1332−1335. [2] 
Gilmour, C. et al Mercury methylation by novel 
microorganisms from new environments. Environ. Sci. 
Technol. 2013, 47, 11810−11820 
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Root remains encrusted by secondary carbonates, e.g. 

carbonated rhizoliths, are common in many soils and terrestrial 
sediments from various environmental settings1. Rhizoliths 
usually exhibit a cylindrical shape and may have different sizes 
(from a few µm up to several cm)1. These objects have been 
known for ages and intensively used as paleoenvironmental 
proxies2. It is generally assumed that such encrustation is 
controlled or induced by complex organic-mineral interactions 
at the plant tissue scale. Yet, the precise mechanisms of 
rhizolith formation remain unclear. 

Here, we report the multiscale and multitechnique 
characterization of natural rhizoliths at different stages of 
encrustation that have been sampled at different depths from a 
loess-paleosol sequence (Nussloch, SW Germany). The use of 
SEM and TEM to investigate rhizolith samples has offered a 
unique combination of chemical and structural information 
with submicrometer to nanometer spatial resolution, while 
solid-state 13C NMR, liquid and gas chromatographic analyses 
have provided molecular-level information. 

SEM and TEM observations reveal that the precipitation of 
secondary carbonates does not only occurs around, but also 
within the plant root cells and evidence the close relationships 
existing between organic and inorganic phases within these 
complex systems. The fine-scale preservation of root cellular 
ultrastructure with remarkable integrity observed for samples 
at all stages of encrustation has likely been promoted by this 
intra-cellular carbonate precipitation. In parallel, plant, fungal 
and microbial biomarker analyses, together with NMR and 
pyrolysis-LC- and GC-MS experiments have been performed 
on rhizolith and loess samples. Altogether, the results allow us 
to propose a general scenario for the mechanism of plant root 
encrustation by secondary carbonates in terrestrial sediments. 
  
[1] Gocke M., et al 2011 Chemical Geology, 283, 251-260 [2] 
Becze-Deak J., et al 1997 Geoderma, 76, 221-252 
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There has been much interest generated from the 
observation that the Earth has non-chondritic 142Nd/144Nd. This 
has led to a renewed search for hidden reservoirs or means to 
accrete a fractionated Earth. In this quest, the 146Sm-142Nd 
isotopic system has the advantage of providing chronometric 
constraints on the events that resulted in the non-chondritic 
142Nd/144Nd, but suffers from being hosted in a trace element 
system. As such, the volume represented by the missing 
reservoir, whether hidden in the deep Earth or previously lost 
to space, is unknown. In contrast, major elements, that 
represent stoichiometric components of the main minerals 
comprising the mantle, yield important information on the size 
of any missing reservoir. This has been the impetus behind our 
examining the magnesium isotope ratio of the Earth and 
chondrites. We are not the first to attempt to compare the 
26Mg/24Mg of the Earth to chondrites, but studies to date show 
marked disparity in results. To address these divergent 
measurements, we have developed a new methodology of 
critical mixture double spiking, to generate high precision 
measurements (±20ppm) that should also be comparably 
accurate. Using this approach we document that the Earth is 
~50ppm isotopically heavier than chondritic meteorites in 
26Mg/24Mg. We have also undertaken density functional 
calculations of magnesium isotope fractionations between 
phases likely to crystallise in a deep, terrestrial magma ocean. 
Removal of manesium-perovskite can result in sufficient 
fractionation of Mg in the residual liquid to account for the 
heavy Mg isotope composition we have measured in accessible 
terrestrial samples. However, this would require a hidden 
reservoir that represents ~1/3rd of the total volume of the 
mantle. We will discuss the implications of these findings for 
the formation and evolution of the Earth, exploring the relative 
plausibility of hidden versus missing reservoirs.  
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Chloroacetanilide herbicides are widely used in the 

European Union and the United States to control annual 
grasses. The transport and the degradation of metolachlor, 
alachlor and acetochlor were evaluated in different wetland 
systems using several analytical approaches, including the 
quantification of parent compounds and their degradation 
products, as well as enantiomer- and compound-specific 
isotope analysis.  

In lab-scale wetlands (0.02 m2), mass dissipation averaged 
61 ± 14%, 52 ± 12% and 29 ± 19% for acetochlor, alachlor and 
metolachlor, respectively. Degradation of the chloroacetanilide 
herbicides into ethanesulfonic acid (ESA) and oxanilic acid 
(OA) prevailed after day 70. Enantiomeric fractionation (EF) 
for rac-metolachlor was 0.480 ± 0.005 in the rhizospheric 
zone, indicating enantioselective biodegradation. CSIA of 
chloroacetanilides in the wetlands revealed carbon isotope 
fractionation for alachlor (ɛbulk = -2.0 ± 0.3‰) and acetochlor 
(ɛbulk = -3.4 ± 0.5‰), indicating in situ biodegradation. 

In planted bed wetlands (7 m2), degradation of the chiral 
herbicide S-metolachlor was evaluated under different 
hydrological regimes (batch vs. continuous flow). Dissipation 
rates > 93% in the batch system combined with CSIA 
confirmed that in situ biodegradation of S-metolachlor 
occurred under alternate oxic-anoxic conditions (Δδ13Cinlet-outlet 
= 1.2‰). OXA prevailed in the batch flow wetland, whereas 
ESA prevailed in the continuous flow system, indicating 
distinct degradation pathways under these two conditions. No 
significant enantiomeric fractionation of S-metolachlor 
occurred in the wetlands. Complementary analytical 
approaches may be combined to evaluate the transport and the 
degradation of chiral micropolluants in redox-dynamic 
environments such as wetlands. 
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Reactive surface area of primary phases in sediment and 
rock is a critical variable required for determining weathering 
rates and fluxes within the critical zone. However, previous 
work has shown geometric surface area measurements based 
on grain size distributions often underestimate the reactive 
surface area of sediments, while gas adsorption surface areas 
determined using the BET method may over-estimate reactive 
surface area, especially in fine-grained sediments. Here we test 
the reactivity of two size fractions from glacial drift from the 
Antarctic Dry Valleys to determine if BET surface area 
measurements can be used to assess reactive surface area of 
glacial sediments.  

Glacial drift sediments were collected at the base of 
Denton Glacier, Wright Valley, Antarctica and remained 
frozen prior to analysis. The sediments were wet sieved to 
separate gravel, sand, fine sand, and mud (<62µm) fractions, 
and treated to remove carbonates and organics; mud and very 
fine sand fractions were freeze dried. All size fractions were 
outgassed at 323 K for 4 hours prior to N2 adsorption BET 
analysis using a Quantachrome Nova 2000e. We then 
compared the reactivity surface of the sand and mud 
components by placing equal BET-determined surface areas  
(0.8 m2/g) of each size fraction in separate reactors with 50 ml 
of ultrapure water (TRIS buffered to pH 9), and measured K+, 
Na+, Ca+, Fe+, and Al+ concentrations after 5-15days using 
flame AA. 

Results show that glacial sand and mud with equivalent 
BET-surface areas dissolve equally over the timeframe of these 
experiments, indicating that BET surface area accurately 
measures reactive surface within glacially-dominated 
sediments, despite greater than two orders of magnitude 
difference between BET and geometric surface areas. Indeed, 
physical weathering within glacial systems appears to produce 
comparable densities of reactive sites, regardless of grain size. 
These results underscore the role of physically weathered fine-
grained sediments in producing high solute fluxes within 
glacially-dominated watersheds. 
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Alunite supergroup minerals (AB3(XO4)2(OH)6) are 
commonly found in acidic rock drainage assemblages, acid 
lakes, fumaroles, and acidic soils on Earth and have also been 
observed in sedimentary rocks and possible hydrothermal 
deposits on Mars. In addition, alunite supergroup phases are 
commonly produced during ore processing to sequester 
unwanted metals for later disposal. Dissolution studies provide 
critical data for modeling mineral lifetimes and metal/acid 
release rates, as well as reaction products. In addition, kinetic 
data can be used to interpret mineral dissolution mechanisms, 
allowing geochemists to predict mineral behavior beyond 
conditions measured in the laboratory.  

Alunite (KAl3(SO4)2(OH)6) and jarosite (KFe3(SO4)2(OH)6) 
dissolution experiments were conducted under similar 
conditions, allowing for direct comparison of dissolution rates 
and reaction products. Alunite dissolution rates in dilute 
solutions are 2-3 orders of magnitude slower than jarosite 
dissolution rates under comparable conditions. Both minerals 
dissolve faster at very acidic and very alkaline conditions, 
suggesting H+ and OH- mediated reaction mechanisms 
respectively. T inflection point for jarosite dissolution lies at 
pH 3.5-4, while in alunite the minimum rate is observed at pH 
5-6. However, dissolution rates for both phases converge in 
high salinity CaCl2 and NaCl brines. This suggests that Cl-Fe 
and Cl-Al surface complexation likely drives dissolution in 
brines, while hydration and hydrolysis of Fe and Al likely 
control dissolution rates in dilute solutions. Water exchange 
rates with Fe are 2-3 orders of magnitude faster than water-Al 
exchange rates, resulting in faster jarosite dissolution rates in 
dilute systems.  

While crystalline iron oxide nanominerals dominate 
jarosite reaction products at pH >4, only amorphous reaction 
products were observed in alunite reaction products, despite 
highly incongruent K/Al ratios. Therefore, jarosite dissolution 
produces abundant iron oxide nanoparticles which may 
transport heavy metals downstream in sulfide oxidation 
environments. On the other hand, metals associated with the 
amorphous reaction products of alunite dissolution might be 
released to solution or incorporated during the formation of 
more crystalline phases over time.  
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The stochastic nature of erosion in tectonically active 
mountain belts can give rise to accumulation of large amounts 
of sediment within steep bedrock topography. Such deposits 
are found primarily in landslide lobes, colluvial hollow fills, 
alluvial terraces and active floodplains. The sediment is 
typically poorly weathered, with a high specific surface area 
and permits rapid percolation of water. These factors combine 
to create an environment supportive of rapid weathering. We 
have investigated examples of these deposits to better constrain 
the solute budget, in particular the balance between weathering 
driven by abiotic and biotic factors. 

We have focussed on the 370 km2 Chenyoulan catchment, 
Central-West Taiwan, set in steep mountains underlain by 
marine sedimentary and meta-sedimentary rocks. We sampled 
the main river, small tributaries, springs fed by deep 
groundwater, and seepage from landslides and terraces. 
Concentrations of major cations and anions together with the 
isotopic composition of water and dissolved inorganic carbon 
(δ18OH2O and δ13CDIC, respectively) have been quantified. 

In this contribution, we focus on weathering within recent 
landslide deposits. High solute concentrations in water 
collected from spring-lines below large landslide deposits 
demonstrate their role as a ‘weathering reactor’. δ13CDIC 
correlates with the proportion of sulphate in the anions 
suggesting that sulphuric acid, derived by rapid oxidation of 
pyrite in the recently fractured deposits and their source 
regions, is the primary weathering agent in this setting. 
Organic sourced carbonic acid plays a significantly smaller 
role. Streams draining landslide-prone areas exhibit major 
element ratios that closely match the spring water from the 
landslides, suggesting that these are a dominant source of 
solutes within the catchment. Notably, silicate weathering is 
elevated compared to dissolution of carbonate in the pyrite-rich 
substrate, which is common in many mountain belts. This 
suggests that atmospheric CO2 consumption by silicate 
weathering, modulated by soil organic matter oxidation, may 
have a smaller influence on the global carbon budget than 
currently thought. 
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Nitrogen (N) is the nutrient which most commonly limits 

terrestrial primary production, and has an important regulatory 
role on the structure and functioning of ecosystems. 
Reconstructing past terrestrial N cycles would inform our 
understanding of the behavior of this nutrient in response to 
future changes in climate, atmospheric CO2 levels, and plant 
community composition. Natural abundance stable isotopes of 
plant leaf N (δ15Nf) are useful integrators of N cycle processes 
in modern terrestrial systems; few tools have been available, 
however, for reconstructing past plant δ15Nf. We find that the 
nitrogenous plant compound, pheophytin a (pheo a), a 
degradation product of the chlorophyll molecule long used as a 
paleo-proxy in subaqueous sediments, is present at depth in 
soils. A trend of increasing total organic matter age with depth 
suggests that depth-for-time relationships may be appropriate. 
We here explore nitrogen isotope offsets across the leaf-litter-
soil continuum, to evaluate whether plant δ15Nf may be 
quantitatively retained in pheo a δ15N. We here report plant 
pheo a δ15N (δ15Nphe-leaf) and bulk leaf δ15Nf of six species 
across a rainfall gradient in the Kohala Mountains of Hawaii, 
and find that δ15Nphe-leaf tracks δ15Nf over a wide range of 
environmental conditions (210mm – 2500mm annual 
precipitation and 23°C – 17°C mean annual temperature). 
Comparison of bulk soil and pheo a-specific δ15N in soil depth 
profiles across the same rainfall gradient reveals that the soil 
pheo δ15N (δ15Nphe-soil) record is different from the bulk soil 
δ15N (δ15Ns) record. δ15Nphe-soil does not follow δ15Ns, nor does 
it track δ15Nphe-leaf of modern plants at the same sites, therefore 
there is potential for δ15Nphe-soil to provide a window into past 
plant δ15Nf. 
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Our understanding of the movement of sulphur gases in 

sedimentary systems is hampered by the lack of good methods 
to monitor diagenetic processes. We developed an 
experimental system comprised of a modified furnace system 
that interfaces with a X-ray Absorption Near Edge Structure 
(XANES) spectroscopy beamline and quadrupole mass 
spectrometer (QMS) to evaluate the composition of sulphur 
gases produced during heating of sulphur-bearing compounds 
(e.g., elemental sulphur, pyrite, cysteine). Gas compositions 
from the solids were distinct, and gas species compositions 
changed when solids were heated to different maximum 
temperatures. The results provide strong evidence that sulphur 
gases, as well as solids, change compositionally during 
diagenesis, even at low (<100o C) temperatures. When gases 
cool after each experiment, XANES spectra of solid 
condensates reveal that sulphur species were distinct from the 
precursor solids. X-ray absorption spectra are not isotope 
sensitive, so in combination with QMS for the gases, we also 
measured condensate isotopic compositions using conventional 
mass spectrometry. Isotopic values for δ34S revealed that the 
condensates became isotopically lighter compared to the 
starting material, and depending on the maximum temperature 
applied during an experiment. Our study reveals dynamic 
processes between volatile and condensed sulphur compounds 
that could resolve misleading isotopic records in sedimentary 
rocks. 
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The eastward migration and εNd values of late Neogene 
(<20 Ma) volcanism in the western Colorado Plateau region 
suggest that their melt sources may have become increasingly 
depleted with time. The regional εNd shifts could be explained 
by decreasing crustal contamination or increasing contributions 
of asthenosphere. Comprehensive new geochemical and 
isotope data from NW Arizona to south-central Utah have been 
obtained from the most primitive basalts to track the regional 
evolution of melting. Pressures and temperatures obtained 
using cpx-liquid thermobarometry (i.e., 5-15 kb and 1185-1280 
°C) indicate crystallization in the middle crust to upper mantle. 
Amongst basalt flow samples collected in NW Arizona, old 
(15-20 Ma) basalts are strikingly more enriched (εHf = -10 to -
14; Ba/Nb = 87-109; La/Nb = 4.7-5.1) than the narrow ranges 
characterizing younger (2-11 Ma) basalts (εHf = +6 to +9; 
Ba/Nb = 12-19; La/Nb = 0.8-0.9). Trachy-basaltic flows and 
shallow intrusives in south-central Utah are intermediate in age 
(4.0-6.4 Ma) and in degree of enrichment (εHf = 0 to +6; Ba/Nb 
= 62 to 75). New transition metal analyses of olivine show 
mainly low values of Zn/Fe ×104 (<11) such as those expected 
for melts of peridotite sources, but older (15-20 Ma) NW 
Arizona basalts have both high Zn/Fe (> 13.5) and Ni/Co (> 
20) values, suggesting input from olivine-poor lithologies. 
Lead isotope values plot above MORB and regional crust 
values (206Pb/204Pb = 17.6-18.6 and 207Pb/204Pb = 15.50-15.62), 
and the older NW Arizona basalts are most radiogenic. The 
enriched signature of south-central Utah basalts is associated 
with thicker lithosphere (~100 km), whereas the lithosphere is 
thinner (~70 km) under NW Arizona regions associated with 
the youngest volcanism. Progressive lithosphere erosion and 
increased asthenosphere input may account for changing 
magma sources in NW Arizona from 20 Ma to the present, and 
for the region overall. 
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Biomass burning activities are common across the globe 

and are the dominant source of carbonaceous aerosol particles. 
Cosequently, biomass smoke aerosol exerts significant adverse 
effects on human health, air quality, and climate. South-East 
Asia is a particularly important source region of biomass 
smoke. The most common forms of biomass combustion in 
this part of the world are open burning of agricultural residues, 
land clearing fires, and residential use of biofuels for cooking 
and heating.  

In this study, which is part of the 7-South East Asian 
Studies (7-SEAS) 2013 campaign, particulate matter (PM2.5 
and PM10) samples were collected at a high-altitude (1530 m 
asl) location in northern Thailand. Besides various physical 
and optical aerosol measurements, detailed chemical speciation 
of the PM samples included the quantification of molecular 
source tracers for biomass burning (i.e., the anhydrosugars 
levoglucosan and mannosan), along with other carbonaceous 
species, and functional group analysis. Meteorological 
parameters, air mass back trajectories, and fire counts from 
satellite observations were used as well to assess the source 
types and source regions of the carbonaceous particles.  

High PM levels, associated with significantly enhanced 
smoke tracer concentrations, were observed during several 
haze episodes. Local biomass burning activities in form of 
combustion of agricultural residues in the surrounding area of 
the sampling site were identified as one of the PM sources, 
while regional scale transport of biomass smoke from the 
active fire regions in the neighboring countries (especially 
Myanmar) was found to be another major source. Diagnostic 
ratios of specific molecular tracers were used to constrain the 
biomass types, suggesting a mix of different biofuels, 
including wood and agricultural residues, which constitute an 
important regional source of carbonaceous aerosol. 
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Due to rising global temperatures, the effects of climate-

induced terrestrial vegetation changes, such as shifts of the 
circum-arctic boreal treeline, are of current concern, but the 
timing and mode of these processes are not well understood. 
The most commonly used method to study vegetation history 
and vegetation change is pollen analysis, but in recent years, 
the analyses of ancient DNA from sedimentary archives has 
gained importance as an additional proxy. This DNA can be 
used for species identification and reconstruction of biotic 
assemblages, and in contrast to pollen, it is putatively of local 
origin. Genetic information can also reveal differentiation 
below the level of species, and can thus be used to analyze 
population dynamics within single species, which is possible 
only to a very limited degree using traditional morphological 
approaches.  

We are analyzing lake sediment core records from the 
arctic-boreal treeline ecotone in northern Siberia, which is 
formed by Larix (larch). The position of the Siberian treeline 
has changed in latitude several times throughout the Holocene, 
with important implications for terrestrial and lacustrine 
ecosystems. Understanding these past changes has immediate 
bearing on projections of future biodiversity changes due to 
current global warming. Using DNA extracted from lake 
sediment cores we track the occurrence of different species and 
assemblages, and, with highly variable genetic markers, we are 
also analyzing subspecific genotypes of Larix. Lake sediment 
cores can thus serve as an archive for subspecific plant 
population history. 
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The development of new methods to identify and quantify 

wastewater contributions to California groundwater is driven 
by 1) the need to use reclaimed water in managed aquifer 
recharge operations to enchance California’s water supply; and 
2) the need to identify the source of regulated compounds such 
as nitrate to contaminated aquifers. Quantifying the wastewater 
component in groundwater is essential to interpreting the 
presence or absence of emerging contaminants in groundwater 
in the context of transport through the vadose and saturated 
zone. Being able to distinguish the source of wastewater as 
urban, residential septic, agricultural, or animal operation 
allows effective regulation of nutrient loading to drinking 
water aquifers.  

In this study we evaluate a suite of pharmaceuticals and 
personal care products (PPcPs), the gadolinium anomaly (Gd 
*), and the isotopic composition of dissolved boron (δ11B) for 
suitability as wastewater indicators (WWIs). These analyses 
are complementary and use different analytical approaches: the 
presence or absence of anthropogenic compounds using 
LCMS; the identification of anomolous REE patterns using Q-
ICPMS; and the quantification of isotopic composition using 
HR-ICPMS. 

We measured these analytes in wastewater treatment plant 
(WWTP) effluents and in groundwater recharged by landscape 
irrigation with treated wastewater in the San Francisco Bay 
region of California. The WWTP effluent and affected 
groundwaters are mildly enriched in tritium from Lawrence 
Livermore National Laboratory (LLNL) sewage discharge – 
the activity levels are low and within permit but are 
sufficiently above ambient activities to provide an independent 
assessment of wastewater component using a known 
conservative tracer. We assess WWI suitability for 
groundwater studies by quantifying transport losses due to 
degradation or sorption in the vadose and saturated zone and 
by quantifying sensitivity to wastewater component as affected 
by analytical sensitivity and by mixing and dilution of affected 
groundwater. 
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Primitive Cenozoic (65–4 Ma) volcanic lavas in central 

Europe (picrobasalts, basanites, olivine nephelinites, melilite-
olivine nephelinites, polzenites) show large variability in 
87Sr/86Sr and 143Nd/144Nd ratios, both at regional and local 
scale. Resolved differences exist in Sr–Nd isotope 
compositions among major volcanic centres of the Bohemian 
Massif that appear to relate to distinctive Sr–Nd signatures of 
their respective mantle sources. The most depleted signature 
unequivocally is associated with pristine lavas from NE margin 
of the Bohemian Massif located in SW Poland 
(87Sr/86Sri<0.7033, 143Nd/144Ndi>0.5129) that may support 
earlier suggestions of eastward-trending mantle depletion 
across European Tertiary basaltic volcanism [1] and appears to 
be consistent with highly depleted Hf isotope signature. 
Chemically evolved rocks (trachytes, rhyolites, phonolites) 
may carry particularly distinguished Sr isotope signature from 
prior accumulation of excessive Rb quantities resulting in 
resolved age-corrected initial 87Sr/86Sr whilst no such shift is 
observed for 143Nd/144Nd. However, crustal contamination 
appears to be less significant for differentiated lithologies from 
central and eastern part of the Eger/Ohře rift system, suggested 
from the absence of a relationship between Mg number and 
87Sr/86Sr. Only the large Doupovské hory volcanic complex 
(DHVC) appears to carry an imprint of crustal contamination 
with clearly elevated 87Sr/86Sr at low Mg #. High 87Sr/86Sri 
>0.705 has been found for MB-7 basanite which clearly attests 
to significant modification through either crustal contamination 
or assimilation of carbonate-rich materials. Whilst large 
quantities of local crust can be excluded from major element 
considerations, modest assimilation of Cretaceous sediments 
dominating the area by the magma en route to the surface 
might have significantly altered the Sr (and Li) isotope 
composition without particularly influencing Nd. Following 
the Sr-Nd isotope variability along the profiles perpendicular 
to the main rift axis, the zone of relatively depleted mantle 
source can be traced along the southern margin of the Eger rift. 
The within-rift Sr–Nd isotope enrichment may plausibly be 
correlated with the presence of Variscan suture. 

 
[1] Blusztajn & Hart (1989) GCA 53, 2689-2696 
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It is widely known that producing intermediate to felsic 
continental crust in arc settings via peridotite melting is 
problematic because mantle melting generates basalts. One 
mechanism to explain continental crust compositions in arcs 
requires significant mafic to ultramafic cumulate formation to 
compositionally balance voluminous granitoid production. 
Here we investigate the geochemical composition of a suite of 
mafic lower crustal xenoliths sampled from beneath the 
Paleoproterozoic Yavapai-Matzatal accreted terranes in 
southwestern USA. These terranes are thought to be accreted 
island and continental arcs. The xenoliths are comprised 
primarily of garnet pyroxenites with some amphibolites and 
gabbros, all with SiO2 < 51 wt. %. The suite can be divided 
into two groups: 1) a high MgO group dominated by 
clinopyroxene with lesser amounts of garnet and amphibole, 
higher SiO2 (48–51 wt. %), and less than 1 wt. % TiO2, and 2) 
a low MgO group dominated by garnet and/or amphibole (> 40 
vol. %), low SiO2 (38–47 wt %), and up to 4 wt. % TiO2. 
Interestingly, the low MgO pyroxenites are coarse-grained 
with cumulate texture while the high MgO pyroxenites are 
fine-grained with partially to wholly recrystallized textures. 
Whole rock REE patterns are generally enriched in HREE 
relative to primitive mantle, suggesting garnet and/or 
amphibole are primary phases. Preliminary thermobarometry 
on a sample from the high MgO group suggest final 
equilibration temperatures and pressures range from 580 to 840 
°C and 12 to 25 kb (35–75 km), in agreement with previous 
estimates from Smith et al. (1994). These pyroxenites have 
remarkably similar major and trace element compositions to 
Phanerozoic continental arc cumulates. If indeed they formed 
in the Proterozoic, they provide the oldest window into deep 
arc lithosphere. However, this raises the question of how such 
a thick, cold, and dense pyroxenite layer could survive in the 
lithosphere without delaminating. Alternatively, the 
pyroxenites may represent cumulates associated with 
Cretaceous–Tertiary magmatism, implying replacement of the 
original Proterozoic lithosphere. 
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The Middle East is one of the regions in the world where 

relatively high concentrations of atmospheric particulate matter 
(PM) have been recorded. It has been suggested that PM levels 
in the Middle East are present at levels that might have health 
effects. In the current study, we summarize results published 
by our group over the last decade and introduce new data 
which demonstrate the extent of trans-boundary aerosol 
transport, and the fact that synoptic conditions control the 
chemical and mineralogical composition of atmospheric 
aerosols and might also affect their toxicity. These results are 
based on extensive analysis of the chemical, isotopic and 
mineralogical compositions of desert dust and anthropogenic 
aerosols including toxicology experiments with an emphasis 
on the PM2.5 fraction. 
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Monazite is an important mineral for P-T-t studies of 
igneous and metamorphic processes. Impact-shocked monazite 
has been identified at the Vredefort Dome, South Africa [1, 2, 
3] and at the Araguainha structure, Brazil [4]. Shocked 
monazite can also survive distal fluvial transportation >750 km 
from the source impact crater [5]. Crystallographic orientations 
of planar shock microstructures and the corresponding 
deformation mechanisms responsible for their development 
have not yet been described; this is in part due to difficulties 
encountered for EBSD analysis of monazite [6]. 

In this study, EBSD maps of shocked monazite grains 
sourced from the Vredefort impact structure were sucessfully 
acquired using a Zeiss Ultra Plus FEG-SEM with Bruker E-
Flash detector and Espirit software and match units with P21/n 
space group. Impact microstructures are dominated by low-
angle (<10°) grain boundaries, planar fractures, and 
polysynthetic twin lamellae in up to 5 different orientations 
within a single grains, similar to twins in shocked zircon [7]. 
Twin composition planes and their symmetry relationships 
(expressed as misorientation angles/axes) include (100) with 
180˚/<001>, (001) with 180˚/<100>, (101) with 180˚/<-101>, 
(-101) with 180˚/<101>, (12-1) with 97˚/<201> and (-121) 
with 97˚/<-201>. 

Preliminary SHRIMP analysis of shocked monazite shows 
that some domains record pre-impact crystallization ages (e.g. 
3100 Ma), whereas other domains are discordant and record a 
complex array of ages including Proterozoic and modern 
resetting. The complexity of U-Pb ages requieres further 
investigation, however these results indicate that impact 
generated microstructures may give rise to isotopic resetting 
and facilitate subsequent resetting during younger thermal 
events. 

  
[1] Moser 1997 Geology [2] Flowers et al 2003 J. of Geology. 
[3] Cavosie et al. 2010 GSA Bulletin [4] Tohver et al 2012 
GCA [5] Erickson et al 2013 GCA [6] Reddy et al 2010 
Mineralogy Magazine [7] Erickson et al 2013 Am Min. 
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Dating of synextensional granitoids provides important 

information in understanding the timing and onset of 
extensional deformation in the Menderes Massif. The 
Alaçamdağ metamorphic core complex, which is located in the 
north of Menderes Massif, is characterized by a number of 
shallow-seated granitoid stocks that are closely associated with 
high- and low-angle ductile shear zones. Ductile deformation 
in the granitoids is defined by ultramylonites and 
protomylonites. Here we report crystallization ages of two 
granitoids using U-Pb dating, which may reveal the timing of 
two contrasting shear zones. Western stocks occur to have 
been emplaced into pull-apart spaces of NE-trending faults, 
which form a part of a regional-scale transfer zone. They were 
overprinted by ductile shearing event that marked a strike-slip 
displacement. Eastern stocks were deformed by extensional 
low-angle ductile shear zones that developed during or 
immediately after emplacement of granitoids as revealed by 
field relations. These shear zones indicate a top-to-the-NNE 
displacement, which is consistent with regional extensional 
direction. Both granitoids yielded laser spot ages ranging from 
23.6 to 18.4 Ma. However, they display two clusters of ages 
around 21 and 20 Ma. Concordia ages of western and eastern 
stocks are 20.44 ± 0.13 and 18.95 ± 0.20 Ma, respectively. 
These data show that the high-angle shearing event was 
immediately followed by detachment faulting and 
accommodated a differential extension in fault blocks. U-Pb 
ages combined with structural data revealed that not only 
detachment faults but also high-angle shear zones have played 
an important role during exhumation of crystalline footwall 
rocks in an extended continental crust.  
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Eocene to Miocene magmatism includes large amounts of 

southward younging and overlapping I-type granitoid belts in 
western Turkey. Some of the Miocene granitoids are closely 
associated with metamorphic core complexes and are 
commonly characterized by variably-sized, fine grained, 
ellipsoidal and elongated enclaves. These enclaves were 
formerly omitted in explaining the petrogenesis of syn-
extensional granitoids. Therefore, this study aims to better 
understand the magma source characteristics and the degree of 
magma formation and solidification processes, leading to the 
development of enclaves within the syn-extensional granitoids 
using whole-rock geochemistry, mineral chemistry and Sr-Nd-
Pb isotope data. While Eğrigöz and Koyunoba granitoids are 
commonly massive, locally foliated and granite and 
granodiorite in composition, their enclaves are monzodioritic. 
Equigranular and porphyritic texture are common. Enclaves 
and their host contain quartz + K-feldspar + plagioclase + 
biotite + hornblende + clinopyroxene + allanite + apatite + 
zircon. The mineralogical assemblage of host rocks reflects a 
similarity to those of their enclaves. These rocks have 
metaluminous to peraluminous, calc-alkaline and I-type nature. 
Sr, Nd and Pb isotopic values of these enclaves and their hosts 
commonly display similar variations with the overlapping 
values and they are difficult to be explained by fractional 
crystallization processes alone. Magma mixing/mingling 
processes coupled with thermal, mechanic and chemical 
exchange played important role in the genesis of these 
granitoids. These mixed magmas might have been formed at 
the mantle and lower crust boundary that became unstable by 
upwelling of asthenosphere as heat source. Asthenosphere 
upwelling appears to be generated by roll-back of the 
subducted Aegean lithosphere, which also led to the migration 
of melting and hybridization processes of mantle and lower 
crustal sources. 
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A sustainable building material was developed by alkali-

activation of Jordanian kaolinitic clay using NaOH solution as 
a straight alkaline activator. The exothermic behaviour of the 
alkali-activation process was studied using DSC where a 
maximum reaction enthalpy of 273 J/g of kaolinite was 
observed. The chemical structure of the produced material was 
deduced from XRD, FTIR, TGA and SEM-EDX analysis to be 
tetrahydrate phase of hydroxysodalite. Its molecular structure 
was determined by solid state 27Al and 29Si MAS NMR. The 
produced hydroxysodalite consists of randomly distributed 
SiO4 and AlO4 tetrahedra. Its mechanical properties were 
evaluated in terms of the compressive strength under dry and 
saturated conditions using different mass ratios of mixing 
water and NaOH. Dry strengths between 58-65 MPa and 
saturated strengths between 27-29 MPa were achieved after 24 
hours of curing at 80°C. The new developed material could be 
effective for immobilization and stabilization of hazardous 
elements. 
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Surface-water and groundwater chemistry are being used 

to identify and quantify the flow and transport to streams of 
nitrogen applied at the land surface. The surplus nitrogen not 
used by crops is transported though the watershed via surface 
and subsurface flow paths. Principal components analysis 
(PCA) and end-member-mixing analysis (EMMA) are being 
used to identify the predominant flow paths contributing to 
streamflow and transporting nitrate. Concentrations of NO3, 
Ca, Mg, K, Na, Cl, F, SO4 and Si in stream water, overland 
flow, tile drainage, groundwater, and the streambed and 
unsaturated zone were monitored in agricultural watersheds in 
Washington (WA), Nebraska (NE), Iowa (IA), Indiana (IN), 
Mississippi (MS) and Maryland (MD). The shape of a stream 
concentration – discharge (C-Q) relation reflects the change in 
the source of stream water as discharge changes. Observed C-
Q plots ranged from monotonically increasing (or decreasing) 
concentration with increased discharge, to more complex bell-
shaped curves, and inverted bell-shaped curves. PCA was used 
to identify independent components contributing to the 
variability in observed stream concentrations, and accordingly, 
the three main end members contributing to stream flow. The 
first two end members (EM1 and EM2), represented by the 
first principal component, explained 46% (NE) to 87% (WA) 
of the stream chemistry variance. EM1 represented very dilute 
water from precipitation or irrigation (in WA). EM2 
represented the prevailing groundwater input and was a source 
of stream nitrate when groundwater was oxic. EM3, 
represented by the second principal component, explained an 
additional 8% (WA) to 28% (IA) of stream chemistry variance. 
This end member resembled the chemistry of groundwater 
and/or tile drainage and overland flow that was undiluted by 
EM1, and was an important source of stream nitrate in some 
watersheds. The C-Q plots produced using the EMMA-
calculated concentrations reproduced the general shape of the 
observed data plots for the majority of cases. In conclusion, 
PCA was a useful technique for distilling information from the 
observed chemistry in these watersheds. Mixing of three end 
members reproduced most stream concentration trends and 
helped identify stream water and nitrate sources. 
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A possible scenario for the geochemical origin of life may 

involve interactions between biomolecules at the mineral/water 
interface leading to the selection and concentration of key 
prebiotic constituents at the mineral surface. Serpentinite-
hosted hydrothermal vents have been proposed as a plausible 
Early Earth environment for this process to occur although 
little is known about the interactions between biomolecules 
and minerals in this system. We conducted batch adsorption 
experiments with a 1:1 ratio of the amino acids aspartate, 
lysine, glycine, phenylalanine, and leucine at initial ligand 
concentrations 10-150 µM onto powdered brucite [Mg(OH2], a 
thermodynamically stable phase of serpentinization. The batch 
experiments were done in triplicate both with and without 
added salts and 4x10-3 M Ca2+. We observed that up to 8.9% of 
aspartate and 5% of each of the remaining four amino acids 
adsorbed onto brucite in the experiments without Ca2+. When 
Ca2+ was added, we found that up to 37.3% of aspartate 
adsorbed onto brucite, whereas the other amino acids adsorbed 
up to 3.5% each. Additionally, an average of 15.9% of Ca2+ 
adsorbed onto brucite. Our results suggest that the adsorption 
of Ca2+ onto brucite promotes the adsorption of aspartate while 
competing with other amino acids. Whereas the other amino 
acids are electrostatically inhibited from doing so, it is likely 
that the negatively charged aspartate molecule readily forms a 
calcium-ligand complex on the surface of brucite, and this 
complex preferentially adsorbs onto brucite in addition to other 
Ca2+ species. The selection of aspartate among a suite of other 
amino acids is relevant for the emergence of cell metabolism, 
and the conditions of this study may hold implications for the 
importance of Ca2+ rich aqueous environments, such as the 
serpentinite-hosted hydrothermal environments, in the 
evolution of biocomplexity. 
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Studies of nickel stable isotopes at the Earth’s surface are 

providing valuable insights into the use of this system as a 
tracer of sources and biogeochemical processes. Interestingly, 
dissolved nickel in rivers and oceans presents a large heavy 
isotope enrichment (up to 1.44‰ [1]) compared to bulk silicate 
Earth (0±0.3‰ [2]). Weathering at the Earth’s surface is 
thought to drive heavy isotopes into the dissolved phase, 
leaving the weathered material isotopically light [3]. In order 
to better constrain Ni isotope systematics in weathered 
environments, we studied soil profiles developed on ultramafic 
rocks in Albania and surrounding plants.  

Double-spike Ni MC-ICP-MS analyses were performed on 
rocks, soils and soil solutions from three locations. Major and 
trace elements were measured in rocks and soils to constrain 
isotopic compositions. Almost all the soils presented lighter 
isotopic compositions than the parent rock (-0.6‰< ∆60NiSoil-

rock <-0.2‰). The magnitude of soil/rock fractionation 
generally correlates with the Fe/Mg ratio, and Mg-loss is 
responsible for the light isotope enrichment. However, the 
fractionation between the different horizons at any location 
remains low (0.1‰). Bioavailable fractions of soil solutions 
were recovered using DTPA extractions, and all exhibited 
heavy isotope enrichment (up to 0.9‰) relative to the soil. 
These data indeed imply that the chemical weathering process 
is the main control on fractionation, and the results provide 
further insights into the interpretation of Ni isotope systematics 
in surface processes. 

Ni isotopes were also measured in Ni-hyperaccumulating 
plants that grow in these metal-rich soils. Roots exhibited 
heavy isotope enrichment relative to the soil. The bioavailable 
fractions indicate the source of heavy isotopes for the plants 
and provide new constraints on the soil/plant system, with no 
fractionation indicated during root uptake. 
 
[1] Cameron and Vance (2014). GCA, 128, 195-211 [2] 
Guegen et al (2013). GGR, 37, 297-317 [3] Gall et al (2013). 
EPSL, 375, 148-155 
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Recent elemental oceanic budgets have highlighted the 

importance of taking into account continental margins as a 
source of elements to oceans and as one of the key 
mechanisms explaining “boundary exchange” [1, 2]. For 
silicon, in particular, the quantification of silicic acid addition 
from dissolution of lithogenic material at the margins remains 
to be determined, both in the field and experimentally. To 
explore the potential impact of this process on Si addition in 
the NE Pacific, we have investigated the dissolution of mineral 
particles discharged by one of the largest rivers in NE Canada 
(Fraser River, BC Canada) in seawater from the Strait of 
Georgia (BC). 

About 10g of untreated and pre-treated (HgCl2 and H2O2) 
SPM were sampled from the freshwater end-member of the 
Fraser estuary and incubated in 1L filtered surface seawater 
from Georgia Strait, which initially contained 45 µM of 
dissolved silica. Silicic acid concentration and isotopic 
composition are being monitored over the course of several 
months. Data obtained to date show a rapid increase in the 
concentration for dissolved silicic acid during the initial stages 
of the experiment. Over the course of a month and a half, 
concentration has almost doubled and the different sample 
treatments reveal significant differences in reaction rates.  

Si isotopes are being measured on a HR-MC-ICP-MS Nu 
1700 at PCIGR (UBC), after preconcentration of 5 µg of Si for 
subsequent purification and analysis [3]. Si isotopic 
measurements are being validated using reference materials 
Diatomite, BHVO-2 and different preparations of synthetic 
preconcentrated seawater. Precision and reproducibly of the 
method are comparable to previous studies. 

 
[1] Jeandel et al (2011). Eos, 92, 217–224 [2]Tréguer & De La 
Rocha (2013). Annu. Rev. Marine, 5, 477-501 [3] Georg et al 
(2006). Chem. Geol, 235, 95-104 
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Green rusts (GRs) are mixed Fe(II)-Fe(III) hydroxides with 

a high reducing activity towards organic/inorganic pollutants. 
They can be produced from ferric-reducing or ferrous-
oxidizing bacterial activities [1, 2]. Recently, we discovered 
that nitrate-reducing bacteria (NRB) can also be involved in 
the GR formation by an indirect process where biogenic nitrite 
oxidizes Fe(II) [3]. K. mobilis, used in this present study as a 
model of NRB, is able to reduce nitrate to nitrite using an 
organic carbon source as electron donor, but is unable to 
enzymatically oxidize Fe(II) species. During incubation, the 
formation of GR and/or goethite (α-FeOOH) occurred as 
secondary iron minerals depending on the concentrations and 
the nature of organic electron donor. GR appeared as a 
transient iron mineral resulting from Fe(II) oxidation by nitrite 
produced via bacterial respiration of nitrate (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The formation of GR from Fe(II) oxidation by biogenic 
nitrite can provide a direct link between the biogeochemical 
cycles of nitrogen and iron, in particular in anoxic and 
oligotrophic environments. NRB should now be considered as 
a new player in the GR formation.  

 
[1] Jorand et al (2013) Geomicrobiol. J. 30, 600-615 [2] 
Pantke et al (2012) Environ. Sci. Technol. 46, 1436-1446 [3] 
Etique et al (in revision) Environ. Sci. Technol. 

Figure 1: Formation of GR by nitrate-reducing activity. 
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Identified as a stable corrosion product, magnetite (Fe3O4) 

is a mixed FeII-FeIII oxide with a FeII:FeIII ratio of 1:2. Within 
nuclear waste repository in deep geological formation, 
magnetite plays a protective role against corrosion as a passive 
layer when it is formed at the surface of the metallic envelopes. 
However, bacteria are present in this argillaceous formation 
and their activity may alter the protective property of 
magnetite via microbially influenced corrosion. The presence 
of hydrogen (as electron donor) and magnetite (as electron 
acceptor) can support the bacterial growth, in particular for 
hydrogenotrophic iron-reducing bacteria. 

This present work highlights the capability of Shewanella 
putrefaciens to reduce biotic or abiotic magnetite (Fig. 1a) in 
the presence of H2 under anoxic conditions at circum-neutral 
pH. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Depending on the conditions, Shewanella putrefaciens can 

reduce up to 30 % of Fe(III) into Fe(II) and leads to the 
formation of mixed FeII-FeIII iron hydroxides : the green rust 
(Fig. 1b). Previous studies have already shown that magnetite 
could be reduced into siderite/vivianite by iron-reducing 
activity in the presence of organic electron donor [1], but it is 
the first time that the formation of green rust is reported by 
hydrogenotrophic iron-reducing activity. 

 
[1] Dong et al (2000) Chem. Geol. 169, 299-318 

a) b) 

Figure 2: TEM images of nanoparticles of chemically 
synthesized magnetite (a) and green rust formed by iron-
reducing activity in the presence of H2 (b). 
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Southward propagation of the Eastern Lau Spreading 
Center (ELSC) toward the Tonga Subduction Zone (TSZ) has 
resulted in a gradient of seafloor lithology from basalts in the 
north to mixed basalts, dacites, and rhyolites in the south 
(Escrig et al. 2009). Close to the TSZ, both lithology and 
localized addition of magmatic volatiles influence vent fluid 
compositions (Mottl et al. 2011). Here, a detailed study of the 
morphology, mineralogy, and geochemistry of seafloor 
massive sulfide (SMS) deposits from six hydrothermal fields 
along the ELSC reveals that SMS deposits strongly reflect both 
of these influences on vent fluid composition in addition to 
deposit-level interactions with ambient seawater. 

Geochemical analyses of ELSC SMS deposits show that 
concentrations of As, Sb, Pb, and Ba increase from north to 
south. At southern vent fields, galena and barite are present 
and the abundance of barite-rich flanges increases from north 
to south. However, the southernmost Mariner vent field is an 
exception to these trends, with high-temperature, chalcopyrite-
lined tapered spires and squat, peripheral deposits of barite, 
wurtzite, and galena. This contrasts with deposits in other vent 
fields that exhibit wurtzite and chalcopyrite lined conduits ± 
barite-rich flanges. 

Along the ELSC, concentrations of As, Sb, Pb, and Ba 
reflect both lithology and fluid saturation with wurtzite, galena, 
and barite. At Mariner vent field, magmatic volatile influence 
lowers fluid pH and suppresses precipitation of lead and zinc 
sulfides relative to copper-iron sulfides; entrainment of 
seawater (and sulfate) buffers pH and results in precipitation of 
galena, wurtzite, and barite. 

The mineralogy, geochemistry, and morphology of SMS 
deposits reflect elemental concentrations in hydrothermal 
fluids as well as mineral saturation. Along the ELSC, the 
relative proximity of the TSZ affects element concentrations 
by influencing seafloor lithology, and mineral saturation by 
lowering pH through the influence of magmatic volatiles. The 
specific morphology, mineralogy and geochemistry of SMS 
deposits in this region thus provide insight into the range of 
processes responsible for the local geochemical environments 
in which they form.  

  
[1] Escrig et al (2009) Geochem. Geophys. Geosys. 10, Q04014. 
[2] Mottl et al (2011) Geochim. Cosmochim. Acta, 75:1013-
1038. 
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A line of silicic volcanism extends 45 km south from 

Mono Lake to Mammoth Mountain, a >55 ka dacitic edifice on 
the SW rim of the Long Valley caldera, and encompasses the 
Mono Craters volcanic chain (MCVC). The MCVC constitutes 
by far the largest volume of Holocene lava in the region, and 
gas and CO2-rich water were encountered in a tunnel bored 
through the base of this chain in the 1930s. The most recent 
eruptions and intrusion-related uplift occurred north of MCVC, 
at Paoha Island in Mono Lake, within the past 300 years. 
While decades of study have focused on the input of gas to 
Mono Lake [1], we report on the first survey of gas efflux from 
the subaerial volcanic vents on Paoha Island and from the 
MCVC. We found only a small efflux of CO2 (~0.1 t/d) from 
an area of thermal ground on Paoha Island but discovered a 
larger efflux (~11.6 t/d) from the summit of North Coulee, one 
of the youngest features in the MCVC. Average air-corrected 
δ13C-CO2 (-4.72‰), 3He/4He (5.89 RA), [He] (16 ppmv), and 
CO2/3He (7.7 x 109) values in the North Coulee gas are 
strikingly similar to those in fumarolic gas at Mammoth 
Mountain, and we propose that these values characterize 
magmatic gas throughout the region. The magmatic 3He input 
to Mono Lake is well constrained [2], and our CO2/3He ratio 
suggests that the associated input of magmatic CO2 is ~3.9 t/d. 
Magmatic CO2 emissions total ~4 t/d for Mono Lake and 
Paoha Island and ~23 t/d for the MCVC, both totals 
substantially less than that observed at Mammoth Mountain 
(>100 t/d) and the Long Valley hydrothermal system (30-90 
t/d). The CO2 emissions may reflect intrusion rates of basalt 
beneath silicic magma chambers and, if so, present-day 
intrusion rates at Mammoth Mountain and the West Moat of 
the Long Valey caldera may exceed those in the Mono Basin. 
The CO2 emission results suggest that onset of volcanism in 
the Mono Basin ~40 ka should be viewed simply as a new 
locus of basaltic intrusion and not necessarily a shift away 
from the Long Valley area. 

 
[1] Broecker & Wanninkhof (2007) Eos 88, 141-148 [2] Clark 
& Hudson (2001) L&O 46, 189-196 
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The Rivers Yono, Ibaraki and Minoh, tributaries of Yodo 

River, flow across the Ibaraki granitic complex and the 
Paleozoic-Mesozoic sedimentary formations, in the northern 
part of the Osaka prefecture, Japan. Waters from these rivers 
have been used for domestic purposes and some trace metals 
have been reported in concentrations above the environmental 
standard limits. Previous studies have shown that the 
sedimentary rocks were the sources of trace metals, especially 
arsenic, whereas the sequence of granitic rocks is believed to 
be the source of rare earth elements. In addition to track back 
of the origin of trace elements, the transportation phases and 
the geochemical budget of trace metals along the river flow are 
examined as a first step to set up a simple transportation 
model. Here are presented first results. 

Results showed that the geochemical patterns of riverbed 
sediments matched the pattern of the source rocks and 
controlled the river water geochemistry. Sediments from 
sandstone and quartz diorite contained high amount of trace 
elements and yielded high concentrations of trace metals but 
low concentrations of REEs in river water. Sediments 
originated from adamellite contain low trace elements but river 
waters flowing across this formation have the highest 
concentrations of REEs. O/H isotopes of water pointed at the 
meteoritic origin of water in the upper reaches of rivers and 
contribution of groundwater in the lower reaches. Fractionation 
regarding the different size pools of total concentration, 
0.45µm and 0.22µm filtration showed that most of the trace 
elements were transported with suspended particles and within 
the <0.22µm phase. Temperature of river water seems to 
influence the concentrations of elements, as concentrations 
increased with increasing temperature along the year. The role 
of organic matter (likely as colloidal carriers) is limited since 
an inverse relationship was observed. Water mixing calculation 
with major and trace elements yielded accurate geochemical 
budget model (<5% error), where as redox sensitive species 
induce large errors of >15%, even on few meters distance 
along the flow path. 

 



 Goldschmidt2014 Abstracts  
 

 

648 

648 

Geochemistry of pore water and 
carbon/nitrogen profiles of cuttings 
from the Nankai accretionary prism 

EMILIE EVEN1, JAMES C. SAMPLE2, 
SHIGESHI FUCHIDA1  

AND THE IODP EXPEDITION 348 SCIENTISTS 

1Department of Geosciences, Osaka City University, Sugimoto 
3-3-138, Sumiyoshi-ku, Osaka 558-8585, Japan 
(*correspondence: e.even@sci.osaka-cu.ac.jp) 

2School of Earth Sciences and Environmental Sustainability, 
Northern Arizona University, Flagstaff AZ 86011-4099, 
USA (james.sample@nau.edu) 
 
Integrated Ocean Discovery Program (IODP) Expedition 

348 at Site C0002 has successfully deepened Hole C0002F 
(Exp. 338) down to 3058.5 mbsf, deep into the Nankai 
accretionary prism.. During Exp. 348, cuttings were collected 
from Holes C0002N (875 to 2325 mbsf) and C0002P (1975 to 
3058.5 mbsf), and limited coring was performed from 2176 to 
2218 mbsf in Hole C0002P. This study reports the main 
geochemical results from IODP Exp. 348.  

Interstitial waters were collected using the GRIND method 
[1], in which core sediments were ground in an agate mill with 
ultra-pure water. Ion concentrations were corrected for water 
content of sediments dried at 60°C and 105°C. The GRIND 
method yielded very high dissolved ion concentrations in some 
samples. Normalised to chlorinity, the results are comparable 
to those observed in pore waters at shallower depths of Site 
C0002. 

Downhole profiles of carbonates (as CaCO3), total organic 
carbon (TOC) and total nitrogen (TN) were determined from 
cuttings of 1-4 mm and >4 mm sizes and compared with core 
samples, showing good agreement between the 2 types of 
samples. Carbonate veins were observed in core samples 
exhibiting shear at ~2205 mbsf, but no increase was observed 
at the same depth in the carbonates profile. While showing a 
general decreasing, locations of some changes in the CaCO3 
and TOC profiles trends match the unit boundaries determined 
from lithological changes observed in the cuttings. 

 
[1] Wheat, Boulègue & Mottl (1994), Proc. ODP, Sci. Results, 
139: College Station, TX (Ocean Drilling Program), 429–437 
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Uranium (U) is a widespread groundwater contaminant at 

uranium ore milling sites as a result of natural leaching from 
tailings piles into the subsurface. The solubility of U is 
influenced by multiple factors, including redox state and the 
presence of other compounds within the system, such as 
natural organic matter (NOM). At the Department of Energy’s 
Integrated Field Research Challenge (IFRC) site in Rifle, 
Colorado, subsurface sediments high in NOM are also 
enriched in U, suggesting that NOM has the potential to 
sequester U within alluvial aquifers. However, U may also be 
released from aquifer sediments through complexation with 
humic or fulvic acids. In order to address how the molecular 
composition of NOM influences U mobility, groundwater 
samples were collected from ten hydrologic locations 
bounding the Rifle IFRC aquifer. Dissolved organic matter 
(DOM) was extracted and concentrated from groundwater 
samples using solid phase extraction columns. Ultrahigh 
resolution Fourier transform ion cyclotron mass spetrometry 
with electrospray ionization (ESI FT-ICR-MS) was used to 
characterize DOM molecular form. Comparisons of DOM 
composition across bulk samples showed variations between 
the hydrologic sources that was consistent with their level of 
terrestrial mixing. Colorado River (CR) DOM was more 
enhanced in carbon heteroatoms (CHO) and depleted in sulfur 
heteroatoms (CHS) than was the aquifer DOM. The aquifer 
heteroatom compositions decreased in CHO and increased in 
CHS with depth and decreasing redox potential within the 
aquifer. DOM extracted from the Colorado River was amended 
to U-containing Rifle sediments to compare microbial 
utilization of this material to acetate-amended sediments in the 
context of U release/sequestration. The concentration of DOC 
in acetate- and CR-amended samples decreased by 70% and 
56%, respectively, over a four week period while soluble U 
concentrations decreased 59% and 51%. This provides 
evidence that complex DOM can drive significant 
biogeochemical cycling in alluvial aquifers with implications 
for natural attenuation of contaminants.  



 Goldschmidt2014 Abstracts  
 

 

650 

650 

The Nuclear Fuel Cycle vs. The 
Carbon Cycle: Pu vs. C  

RODNEY C. EWING1 

1Geological and Environmental Sciences, Stanford University, 
Stanford, CA 94305 (rewing1@stanford.edu) 

 
One hundred commercial nuclear reactors in the United 

States generate ~ 800 billion kWh of energy each year. This 
accounts for 19% of the electricity generated in the U.S. The 
nuclear power plants (NPP) themselves produce no carbon 
dioxide, but the construction of the NPPs does require energy 
that leads to limited CO2 emissions. The essential issue is: 
What is required of the nuclear fuel cycle in order to have a 
significant impact on the carbon cycle. 

Globally, nuclear power plants account for a reduction of 
carbon emmissions of ~ 0.5 gigatonnes (Gt) of C/yr This is a 
modest reduction, as compared with global eissions of carbon, 
just over 8 GtC/yr. Most analyses suggest that in order to have 
a timely impact on carbon emissions, carbon-free sources, such 
as nuclear power, would have to expand total production of 
energy by factors of three to ten by 2050. 

A three-fold increase in nuclear power capactiy would 
result in a projected reduction in carbon emissions of 1 to 2 Gt 
C/yr, depending on the type of carbon-based energy source that 
is displaced. This three-fold increase utilizing present nuclear 
technologies would create 25,000 metric tonnes (t) of spent 
nuclear fuel (SNF) per year, containing over 200 t of 
plutonium. This is compared to a present global inventory of 
approixately ~300,000 metric tons of heavy metal (tHM) of 
SNF, which contains over 2,000 t of Pu. At present, the 
amount of separated Pu from weapons and commercial power 
production is ~ 500 t. A nuclear weapon can be fashioned from 
less that 5 kg of 239Pu. However, there is considerable 
technological flexibility in the nuclear fuel cycle. There are 
three types of nuclear fuel cycles that might be utilized for the 
increased production of energy: open, closed, or a symbiotic 
combination of different types of reactors. The neutron energy 
spectrum has a significant effect on the fission product yield; 
and the consumption of long-live actinides, by fission, is best 
achieved by fast neutrons. Within each cycle, the volume and 
composition of the high-level nuclear waste and fissile material 
depend on the type of nuclear fuel, the amount of burn-up, the 
extent of radionuclide separation during reprocessing, and the 
types of materials used to immobilize different radionuclides. 
Further, the nuclear fuel cycle can be augmented by the 
different strategies provided by immobilization of nuclear 
waste and geologic disposal, which can, properly designed, 
substantially reduce the risk associated with the production of 
fissile material. 
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Elevated nitrate in groundwater is commonly observed in 
agricultural areas, likely reflecting decades of increasing N 
fertilization. In the Judith River Watershed of central Montana, 
high fertility of native grasslands initially allowed for dryland 
wheat production without N fertilization, and elevated nitrate 
levels were frequently observed in shallow aquifers prior to 
widespread fertilizer application. These observations, together 
with high contemporary nitrate leaching, raise fundamental 
questions about the source and fate of bioavailable N in this 
system. In the JRW, a hydrologically isolated strath terrace 
provides a well-constrained field setting for testing the effect 
of long term land use practices on groundwater and surface 
water nitrate. A landform scale mass balance relates high and 
increasing nitrate concentrations in groundwater to the 
combination of increased inputs (ongoing mineralization of 
native organic matter and increasing fertilizer N inputs) and 
increased transport potential due to agricultural practices 
(physical effects of cultivation, crop removal, and fallowing). 
Nitrate dual isotopes allow quantification of substantial loss to 
denitrification that occurs within soils, groundwater and 
surface water. We model the development, perturbation and 
fate of native soil fertility with cultivation on this landform, 
and discuss implications for regional conservation as rainfall 
and snowpack are transformed by climate change.  
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Several severe global cooling events occurred during the 

Last Glacial associated with North Atlantic Heinrich ice rafting 
events H6 to H1. Antarctic ice core records display millennial-
scale variability in atmospheric CO2 during the last glacial 
cycle. The atmospheric CO2 increased by ~20 ppm during most 
of the Heinrich stadials and by ~40 ppm during Heinrich 
stadial H1. Today the high latitude North Atlantic including 
the Nordic seas is the most efficient CO2 sink area (Takahashi 
et al., 2009). Although, several studies indicate dramatic 
circulation changes in the North Atlantic during Heinrich 
events, little is known about the response of CO2 uptake. Here 
we quantify the marine carbonate chemistry evolution during 
Heinrich events in the Norwegian Sea in the northern North 
Atlantic. We present a 42-kyr subsurface pH record, estimated 
with millennial scale resolution from boron isotopes in shells 
of the planktic foraminifer Neogloboquadrina pachyderma 
sinistral. Four tephra layers are used as potential marine-ice tie 
points. The results show a 0.22 pH units decrease during 
Heinrich stadials H4 and H1, suggesting that the Norwegian 
Sea has acted as CO2 source at that time. We are in the process 
of expanding the study with high-resolution trace element 
analyses to constrain the nutrient levels.  
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Subgreenschist/greenschist facies pillow basalts of the 
Slate Creek volcanic arc complex, northern California, USA, 
have relict phenocrysts of plagioclase and high-Ca pyroxene 
that were progressively replaced from pillow interiors toward 
pillow rims [1-3]. Relict high-Ca pyroxene grains are 
preserved in pillow interiors, have augitic compositions (Wo40-

45En40-45 Fs15-20) and in some cases, thin fringes of actinolite. 
The augites show a textural progression from pillow core-to-
rim: (1) unreplaced augite; (2) augite with minor chlorite; (3) 
relict islands of augite in a composite pseudomorph with 
chlorite +/- secondary pyroxene (Wo50En25-30Fs25-30); (4) 
complete pseudomorphs composed mostly of chlorite. Of three 
pillows sampled in detail, two (6-3-A, 6-4-B) show the 
complete range of textural stages over the length of a single 
thin section (~4 cm). At the third pillow (6-2-B), the textural 
transition occurs over ~10 cm.  

All of the plagioclase feldspar analyzed in this study is 
albite (no original igneous feldspar compositions were 
detected). Similar to pyroxene, feldspar shows stages of 
textural replacement from interiors toward rims of pillows: (1) 
albite +/- minor sausserite (fine-grained aggregate rich in 
epidote); (2) albite + sausserite; (3) albite + sausserite + white 
mica; (4) white mica + sausserite +/- albite. Minor K-feldspar 
occurs with white mica in stages (3) and (4). Similar to 
pyroxene, the textural transition occurs over a single thin 
section at the margins of pillows 6-3-A and 6-4-B, whereas at 
6-2-B, the transition occurs over ~10 cm.  

 The spatial scales of replacement textures of both 
pyroxene and feldspar indicate that a locally variable 
parameter controlled reaction progress during pseudomorphic 
replacement. Shifts from anhydrous albite and pyroxene to 
hydrous white mica and chlorite, respectively, suggest that 
greater ingress of water enhanced replacement reactions at the 
pillow rims. The abundant K-rich phases in plagioclase 
pseudomorphs are consistent with metasomatic K-enrichment 
of pillow rims, possibly during seafloor alteration prior to 
regional metamorphism in the Sierra Nevada. 
 
[1] Fagan T.J. and Day H.W. (1997) Geology 25: 395-398. [2] 
Fagan T.J. et al (2001) Geol. Soc. Amer. Bull. 113: 1105-1118. 
[3] Day H.W. and Bickford M.E. (2004) Geol. Soc. Amer. Bull. 
116: 1515-1528.  
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Basaltic breccia clasts in the lunar meteorite Northwest 

Africa 773 (NWA 773) preserve a record of magmatic 
evolution on the Moon, with Ca-phosphates (merrillite and 
apatite) concentrated in diverse late-stage lithologies [1,2]. 
Preliminary results suggest that apatite is more abundant than 
merrillite in clasts of ferroan symplectite (sym), whereas 
merrillite dominates over apatite in alkali-rich phase ferroan 
rocks (arfs). NWA 773 olivine cumulate (OC) formed during 
early stages of fractionation, but has rare incompatible 
element-rich, intercumulus (IC) domains. Merrillite is more 
abundant than apatite in the intercumulus domains.  

To estimate H2O abundances in NWA 773 apatite, we used 
an electron microprobe (EPMA) to detect Cl and F, and used 
Ca5(PO4)3(X) (X = F,Cl,(OH)) stoichiometry to calculate the 
missing X-component [e.g., 3]. Prior to analyses of NWA 773, 
we tested EPMA conditions on terrestrial apatite (from 
Durango, Mexico [4]). Durango apatite was analyzed with c-
axis parallel to and perpendicular to the incident electron beam 
under the following conditions: 7 kV, 2 nA, focused beam 
rastering at 100,000X (~1 µm across; fine grain-size of some 
NWA 773 apatite necessitated small spot size). The F K-alpha 
count rate was constant for 200 s of beam exposure for apatite 
with c-axis perpendicular to the incident elecctron beam. A 
similar count rate was detected over the 1st 30 s of analysis 
with c parallel to the beam, but longer beam exposure caused 
deviations in count rate.  

The same conditions were used to analyze NWA 773 
apatites from IC domains and sym clasts. Apatites from these 
domains appear to be Cl-poor (<0.05 atoms in X-site) and F-
rich (0.6 to 0.9 atoms in X), but Cl+F are insufficient to fill the 
X-site for most analyses (similar to many apatites from mare 
basalts [3,5]). The most likely missing X-component is OH [5], 
and it appears to be more enriched in the sym clasts than in the 
IC domains. The IC domains are from early trapped liquids, 
whereas the sym clasts formed at later stages, suggesting that 
H2O was enriched during evolution of residual liquids in the 
NWA 773 magmatic system.  
 
[1] Fagan T.J. et al (2003) MaPS 38: 529-554. [2] Jolliff B.L. 
et al (2003) GCA 67: 4587-4879. [3] McCubbin F.M. et al 
(2011) GCA 75: 5073-5093. [4] Young E.J. et al (1969) USGS 
Prof. Paper 650-D: 84-93. [5] Tartese R. et al (2013) GCA 
122: 58-74.  
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Calcium has been reported to promote As retention on 
phyllosilicate clays such as smectite and vermiculite. In this 
study, we decipher the influence of Ca and Mg on As retention 
and release, and we reveal the resulting surface complexation 
mechanisms. Further, we evaluate the influence of these 
mechanisms on As transport within Managed Aquifer 
Recharge (MAR) of Orange County, CA. In the Orange 
County MAR, purified wastewater of low ionic strength is 
discharged into recharge basins to replenish local groundwater. 
Smectite and vermiculite dominate the clay-size fraction of the 
underlying Santa Ana River-deposited shallow aquifer 
sediments and exert a dominant control on ion retention.  

We conducted a series of batch and column experiments 
using recharge basin sediments. Batch experiments were used 
to construct As adsorption isotherms for solutions of varying 
ionic composition and concentrations at circumneutral pHs 
relevant to groundwater systems. Batch results were used to 
develop and calibrate a surface complexation model using 
PHREEQC. We subsequently analyzed As elution from 
columns with varying Ca and Mg concentrations. Our surface 
complexation model was extended to a 1D reactive transport 
model and applied to column results to simulate the physical 
and chemical conditions of infiltrating water in the Orange 
County aquifer.  

 Our results reveal that Ca and Mg have large impacts on 
As retention, creating ion bridging complexes to 
smectite/vermiculite surfaces. An understanding of these 
effects can dictate water treatment decisions in cases of MAR 
where As mobilization is a potential concern. More 
specifically, higher Ca and/or higher Mg concentrations can be 
achieved during post-treatment steps by increasing lime 
dosage, addition of dolomitic lime, and/or gypsum amendment.  
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The carbonate clumped isotope paleo-thermometer has 
been calibrated for a variety of natural and synthetic 
carbonates, yielding a Δ47-temperature relationship similar to 
that predicted from theory. However, disequilibrium clumped 
isotopic signatures may arise in a number circumstances and 
have been reported or predicted in some biogenic carbonates, 
in speleothems, and under extreme pH conditions. Here we 
examine kinetic enrichments in Δ47 in carbonate precipitated 
in hyperalkaline springs in Oman. We identify covariant 
enrichments in Δ47 and depletions in δ18O and δ13C that could 
facilitate the identification of carbonates precipitated at the 
interface between high pH fluids and the atmosphere in ancient 
terrestrial and extraterrestrial environments. 

Peridotite-hosted travertines in Oman, formed where 
hyperalkaline (pH>11) Ca-OH waters react with atmospheric 
CO2, range in isotopic composition from values consistent with 
observed spring-water δ18O and temperatures (30‰, SMOW) 
and atmospheric δ13C (-5‰, VPDB) up to highly depleted 
values (14‰, SMOW δ18O and -27‰, VPDB δ13C). Recent 
carbonate precipitates at these hyperalkaline springs span the 
entire range of this δ18O-δ13C trend and exhibit large 
enrichments in Δ47, up to 0.2‰, that covary with the 
depletions in δ18O and δ13C. These kinetic effects are thought 
to arise during hydroxylation of CO2 in high-pH fluids. 

These data demonstrate that the δ18O-δ13C trends observed 
in Oman travertines are primary features of the precipitates and 
not acquired by incorporation of carbonate sediment, filling of 
pore space, or later recrystallization. Δ47 mixing is non-linear, 
so if intermediate values along the δ18O-δ13C trend were 
produced via mixing, then Δ47 values would peak at 
intermediate δ18O and δ13C rather than forming the linear trend 
observed. This supports the robustness of mineral carbonation 
rates derived from Oman travertines. 

This relationship could also help identify extinct hyper-
alkaline systems. E.g., hyperalkaline fluids associated with 
serpentinization, which could produce prebiotic conditions, 
may form some carbonates observed on Mars. The δ18O-δ13C 
slope in carbonates from Martian meteorites is similar to that 
observed in carbonates from hyperalkaline spring worldwide. 
Identification of a similar Δ47-δ18O trend over a broad isotopic 
range in Martian carbonates could suggest that hyperalkaline 
springs were present on the surface of Mars. 
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Polonium-210 (Po-210; t1/2 = 138.4 days) is a naturally 

occurring radionuclide originating from Uranium-238 decay 
chain as the daughter of Lead-210 (Pb-210; t1/2 = 22 years). 
The high radiotoxicity of Po-210 is a consequence of the 
combination of its high specific activity and its relatively good 
uptake into soft tissues. In some cases it can represent a serious 
risk to human health, particularly due to its biological 
magnification along marine food webs. In the present study, 
the total activity concentration of Po-210 was determined by 
alpha-particle spectrometry in various samples collected in the 
Gulf of Trieste (northern part of Adriatic Sea). Observed levels 
were: i) up to 23 mBq/L in surface sea water (0-2m), ii) 
between 40-160 Bq/kg in surface sediments, iii) 239 ± 16 
Bq/kg dw in mesozooplankton and iv) 300-400 Bq/kg dw in 
mussels Mytilus Galloprovincialis, known to be consumed by 
humans. In surface sea water, around 10% of Po-210 was 
found in dissolved form. In sediments, the amounts were 
decreasing with depth and were in positive correlation with the 
percentages of organic matter (10-20%). The water soluble 
fraction of mussel cells, representing metabolically the most 
active part, contained up to 10% of total Po-210. The ratio of 
Po-210:Pb-210 within organisms increased with each throphic 
level (plankton to mussels), from 2.5 to 10. This increase 
reflects a preferential bioaccumulation of Po-210 over Pb-210. 
In sediments, the ratio was mostly close to 1. Obtained data are 
important for understanding the biogeochemical cycling of Po-
210 and its potential for excerting toxic effects on local and 
general levels. 
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The Bayan Obo REE-Nb-Fe deposit hosts 70% world’s 

known light rare earth element (LREE) resource, as well as 
being a major Nb and Fe producer of China. LREE reserves in 
the deposit are 57.4 million tons with an average grade of 5.17 
to 6.19 wt% REE2O3, and Nb reserves are expected at 2.2 
million tons with an average grade of 0.126 to 0.141 wt% 
Nb2O5. The deposit consists of replacement bodies hosted in 
dolomite marble, and of magnetite, REE fluorocarbonates, 
fluorite aegirine, amphibole, calcite and barite. 

Zircon from a carbonatite dyke, analyzed by conventional 
isotope dilution, yielded an upper intercept age of 1417 ± 19 
Ma. This age is confirmed by SHRIMP U-Pb analysis of 
zircon from the same carbonatite dyke, which gave a 
207Pb/206Pb weighted mean age of 1418 ± 29 Ma. In situ Nd 
isotope measurements of monazite collected from the 
carbonatite dyke gave an isochron age of 1275 ± 87 Ma. These 
results demonstrate that the dyke intruded ~1400 Ma. In view 
of predecessor’s results, it is clarified that the REE 
mineralization of Bayan Obo ore deposit occurred at ca. 1400 
Ma, consistent with the timing of carbonatite dyke intrusion in 
the region. 

Three types of fluid inclusions have been recognized on 
the base of their appearance at room temperature: two phase 
aqueous liquid-vapor, two to three phase CO2, and three phase 
liquid-vapor-solid. Solid phases trapped in the inclusions 
contain a complex and varied assemblage. REE-carbonates, 
halite, sylvite, barite, calcite and pyroxene (?) have been 
identified on the basis of crystal habit (microscopic and SEM) 
and EDX analysis. The presence of REE-carbonates as an 
abundant solid in the ore-forming veins shows that the ore-
forming fluids are very richer in REE, and therefore, have the 
potential to produce economic deposits of REE at Bayan Obo 
without requiring large-scale convective fluid systems and 
high water-rock ratios typically envisaged for other magmatic-
hydrothermal ore-forming environments. 

 
This work was financed by Major State Basic Research 

Development Program (2012CB416605) and Natural Science 
Foundation of China (41372099). 
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The main difference between tight sandstone gas and 
conventional oil/gas is that the buoyancy effect of tight 
sandstone gas is not obvious due to larger capillary resistance, 
so the migration process is the accumulation process at the 
same time. According to the relationship between source and 
reservoir, the tight sandstone gas has mainly two types. One is 
“source-reservoir superimposed” tight sandstone gas whose 
source rock is close contact with reservoir, such as the 
reservoir of Upper Triassic Xujiahe Formation in western 
Sichuan Foreland Basin. Another is “source-reservoir 
separated” tight sandstone gas whose source rock is not 
neighbouring to but not far from reservoir, such as the pre-salt 
deep reservoir in Dabei region of the Kuqa Foreland Basin. 
Although the relationship between source and reservoir is 
different, the gas filling power is all pressure difference 
between source and reservoir. But due to the certain 
heterogeneity of pore-throat distribution in tight reservoir, gas 
filling level is different under different filling pressures. The 
larger pore-throat in reservoir is easiest to be filled, however 
smaller pore-throat requires higher filling pressure, as a 
consequence, in normal conditions, the higher the filling 
pressure, the better the gas-bearing character of tight reservoir 
is. But the filling pressure cannot increase unlimited, the gas-
bearing character of tight reservoir will be limited by a certain 
degree, there must be a certain amount of bound water, so tight 
sandstone gas usually form distribution characteristics of large 
areas, continuous and low abundance. 
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Marine sediments cover more than two-thirds of the 

Earth’s surface, and represent a major part of the deep 
biosphere. Owing to its vast size and intimate connection with 
the surface biosphere, particularly the oceans, the deep 
biosphere has enormous potential for influencing global-scale 
biogeochemical processes, including energy, climate, carbon 
and nutrient cycles.  

IODP Expedition 337 drilled to the Shimokita coalbed off 
the coast of Shimokita Peninsula, Japan in 2012. We obtained 
sediment samples from the coalbed at depths of 1498, 
1951~1999, and 2406 meters below seafloor (mbsf). The core 
samples were mixed with MB2216 growth medium and 
cultivated under anaerobic conditions at in situ tempeature and 
pressure. The culture mix was then plated on MB agar plate 
and incubated at anaerobic conditions. We isolated 10 different 
bacteria, including Virgibacillus sp., Bacillus sp., 
Staphylococcus sp., and Robinsoniella sp. Bacterial piezophily 
was confirmed in high pressure growth. The isolates were 
tested at in situ temperature (35oC and 45oC) and pressures of 
0.1, 33, and 52 MPa (Megapascal). The 16S rRNA gene 
sequences of bacterial isolates were determined and 
hylogenetic tree was constructed. Bacterial membrane 
phospholipid fatty acids were also analyzed. It is interesting to 
note that all of the isolates from the deep marine subsurface 
sediment were Gram-positive, spore-forming, anaerobic 
piezophilic bacteria. Phylogenetic analysis shows that the 
bacterial isolates are clustered within the phylum Firmicutes, 
genera Bacilli and Clostridia. The bacterial isolates contain 
predominantly C15 and C17 methly-branched fatty acids, 
consistent with the Gram nature of the isolates. Our results 
suggest that microbial communities in the deep biosphere are 
probably dominated by spore-forming, Gram-positive 
piezophilic bacteria.  
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Metal isotopes have potential as geochemical proxies to 

reveal fundamental aspects of the Earth system over a range of 
time scales. Development of these novel tools in carbonates 
requires a firm understanding of isotopic effects associated 
with precipitation and diagenesis. To this end, the current 
study reports the measured Ca, Mg, O, and C isotopic and 
elemental compositions of an alternating sequence of shallow 
water marine limestones and dolostones from Ocean Drilling 
Project Leg 194, Site 1196 on the Southern Marion Platform 
(21˚0.371’S, 152˚51.512’E; 304 m water depth). 

The Ca isotopic composition (δ44Ca, SRM-915a) of 
limestones and dolostones from 1196A range from 0.6–1.3‰ 
(n=12), exhibiting no significant correlations with lithology, 
depth, or age. Magnesium isotopic compositions (δ26Mg, 
DSM-3) of limestones (-3.6±0.25‰) are distinct compared to 
dolostones (-2.7±0.1‰). The average limestone δ13C 
(1.96±0.31‰, PDB) is slightly higher than that of dolostones 
(1.68±0.57‰), while the limestone (-1.22±0.94‰, PDB) and 
dolostone (2.72±1.07‰) δ18O values are distinctly different. 
Finally, the molar ratios of Sr and Na to (Mg+Ca) are 
measureably different in limestones (1.7 and 10.8 mmol:mol, 
respectively) and dolostones (0.2 and 2.9 mmol:mol). Both the 
limestones and dolostones form coherent trends in isotope-
isotope space that are interpreted as diagenetic trends.  

From a global cycling perspective, the δ44Ca of shallow 
water carbonates are significantly higher than the mean 
carbonate measured to date (~0.6‰), bulk nannofossil ooze, 
and modern coral. This suggests there is some leverage for 
altering seawater isotopic composition by varying the δ44Ca of 
the output flux. Interestingly, diagenesis appears to enhance 
the leverage for δ44Ca, an effect that is likely most significant 
in open systems. Dolostone δ26Mg suggests a fractionation 
factor of ~2‰ associated with dolomitization, broadly 
consistent with estimates of Mg isotope fractionation factors 
from deep-sea pore fluid profiles. Non-steady state removal of 
dolomite should, therefore, drive seawater δ26Mg to higher 
values. 
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Today, it is generally accepted that amorphous calcium 

carbonate (ACC) plays a pivotal role during biomineralization 
processes [1]. The amorphous precursor strategy bears the 
advantage that the morphologies of particles are not dictated by 
crystalline lattices, thereby facilitating the generation of 
complex off-equilibrium shapes, which are typical for 
biominerals [2]. Moreover, distinct short-range structures in 
ACC may contribute to the control of crystalline 
polymorphism, that is, polymorph selection. Such “pre-
structuring” of ACC is well known from biomineralization 
studies, where it is induced by different bio(macro)molecules. 
Recently, it has been shown that distinct structures in ACC can 
be controlled by varying pH values, which is evidence that the 
structure of ACC can depend only on physical-chemical 
factors during precipitation [3]. Consequently, distinct ACC 
short-range structures can be discussed from the point of view 
of amorphous polymorphism (polyamorphism) [4]. Essentially, 
it can be conjectured that different polyamorphs can become 
accessible depending on variables of state. Indeed, “aragonitic” 
short-range structures can be induced at elevated pressures [5].  

Here we have assessed the effect of pH and temperature on 
ACC polyamorphism. Without additives, we find that pH 
dictates the short-range structure relating to either calcite or 
vaterite at room temperature. At elevated temperatures, a 
discrete transition to proto-aragonite ACC occurs, but not at all 
pH levels. The structural characterization is based on infrared 
and solid-state nuclear magnetic resonance spectroscopies, 
along with high resolution transmission electron microscopy. 
Distinct stuctures do not result from nanocrystalline features, 
and the data eventually allows for the construction of a pseudo-
phase diagram of calcium carbonate polyamorphism. 

 
[1] Gower (2008) Chem. Rev., 108, 4551-4627. [2] Addadi, 
Raz, Weiner (2003) Adv. Mater., 15, 959-970. [3] Gebauer et 
al (2010) Angew. Chem. Int. Ed., 49, 8889-8891. [4] 
Cartwright, Checa, Gale, Gebauer, Sainz-Díaz (2012) Angew. 
Chem. Int. Ed., 51, 11960-11970. [5] Fernandez-Martinez, 
Kalkan, Clark, Waychunas (2013) Angew. Chem. Int. Ed., 52, 
8354-8357. 
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Return of samples from the surface of Mars has long been 
a high scientific priority, most recenty affirmed by the 2011 
Decadal Suvey for Planetary Sciences. An important step 
towards this goal may be taken by the Mars 2020 mission, a 
Curiosity-class rover to be launched in 2020 with two years of 
surface operations. Among the mission objectives are 
exploration of an astrobiologically relevent geologic 
environment, and preparation of a cache containing 
scientifically compelling rock samples for possible future 
return to Earth.  

The rover’s instruments have not yet been selected, but the 
mission’s Science Definition Team envisioned capabilities for 
imaging and mineralogical identification at context and hand-
sample (possibly microscopic) scale, as well as the capability 
to seek signs of ancient life. These instruments will provide 
critical geologic context and will inform selection of samples 
to be cached. Previous work suggests caching several suites of 
rock samples of ~15 g each. Samples would be cored, with 
emphasis on physical core integrity. After drilling, the 
individual samples would be sealed in tubes and inserted into 
the cache. Depending on scientific merit and NASA priorities, 
the cache may be returned to Earth in the future, culminating in 
the delivery of the samples to a dedicated curation facility. 

The 2020 mission will use a Mars Science Laboratory 
(MSL)-type landing system, possibly enhanced by new 
technologies that permit access to more scientifically-diverse 
terrain. The landing site will be determined through a multi-
year community-based process beginning in spring 2014 in 
which the interests of the retuned sample science community 
will be important. Potential landing sites will be ranked to 
maximize the science return for both in-situ exploration and 
potential returned sample science. Landing sites will likely 
focus on areas with ancient water deposited or altered rocks, as 
well as volcanic rocks (preferably in-place).  

If returned, the cached samples would provide a coherent 
context-rich record documenting the early stages of Mars’ 
planetary evolution and early climate and geologic 
environment, as well as a unique potential record of prebiotic 
and possibly biotic processes occurring beyond Earth. 
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Mafic enclaves are common in felsic plutons and are cited 

as evidence that magma mixing occurred during formation of 
the pluton. Many studies show binary mixing trends exist 
between enclaves and host granitoid, motivating the hypothesis 
that mixing generates rocks of intermediate composition, 
however the nature and extent of mixing remain uncertain.  

We present a field-based study of the Bernasconi Hills 
Pluton in southern California to assess the role of mixing in 
making granitic rocks. Enclaves and host granitoid were 
sampled at 5m intervals along two transects to provide spatial 
context to whole-rock geochemistry. Samples fall on a linear 
mixing trend, but mass-balance calculations suggest only a 
small amount of mixing occurred. Thus, mixing cannot fully 
account for observed geochemical trends. 

Enclaves are often mantled by fine-grained, biotite-rich 
rinds. Rinds are enriched in K, Mg and REEs, precluding an 
origin by quenching, bimodal mixing, or in-situ fractionation 
as proposed previously. Rinds are petrographically identical to 
biotite-rich selvages observed near enclaves, suggesting that 
selvages are rinds that eroded from enclaves into the host 
magma. Aspect ratio measurements of selvages and enclaves 
show selvages preferentially deform into schlieren.  

Field observations, thermodynamic modelling and REE 
fractionation calculations indicate rinds are generated at low 
melt fractions (F=0.1-0.3) by enclave-residual melt reaction. 
We propose rinds erode into the host magma, develop into 
schlieren and are thus mechanically mixed into the magma. 
Both mixing and reaction occur in felsic systems, but mixing 
can only occur when thermal and rheological contrasts are 
reduced and reaction apparently only happens late in the life of 
the magma. Thus the dominant process in the formation of 
granitoids is crystallization differentiation and mixing and 
reaction are secondary processes. 
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Arsenic (As) contamination of groundwater is a major 

problem across the globe and Bengal delta plain is one of the 
worst affected areas. In Bengal delta, As contaminated 
groundwater is generally used for irrigation purpose which 
causes accumulation of significant amount of As in agricultural 
soils. The accumulation and distribution of As in agricultural 
fields vary with irrigation modes, soil mineralogy and crop 
types. The present study investigates current state and 
distribution pattern of As in upper soil-horizons (0-15 cm) of 
two agricultural fields cultivating different crops in Bengal 
delta plain. In the first field (F-1), different varieties of paddy 
crops are grown throughout the year without any provision of 
crop rotation, while in the second field (F-2), wheat crops are 
cultivated predominantly along with some other crops in the 
same year. The groundwater irrigating F-1 and F-2 fields 
contains 137 µg/Land 67.3 µg/L of As, respectively. Results 
indicate different levels of As accumulation in the two 
agricultural fields. Paddy cultivation requires flooded field 
condition and thus are pumped with four-times higher quantity 
of contaminated groundwater than the wheat fields. Such a 
practice leads to a supply of ~8-fold higher (2X As 
concentration and 4X water quantity) As content to paddy 
field. Despite higher influx of As in paddy field, average As 
concentration in paddy soils is only 16.0 mg/kg which is ≈30% 
lower than that in wheat field (22.5 mg/kg). In paddy field, 
decomposition of organic matter of previous crop under 
flooded condition generates a strong reducing environment 
causing mobilization of accumulated As from top-soils to 
lower depth and prevents its buildup in the top-soil horizon. 
However, in absence of flooded conditions and lesser 
availability of organic matter in wheat field, As mobilization is 
prevented and a major fraction of accumulated As remains in 
upper-soils. The study highlights that accumulation and 
distribution of As in agricultural soils not only depends on As 
concentration in irrigation water and the quantity of water 
supplied to agricultural fields but also on the agricultural 
practices and crop type.  
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Arsenic contamination in groundwater is posing a severe 

health threat for a significantly large portion of Indian 
population. Apart from the state of West Bengal, elevated 
arsenic concentrations in groundwater are regularly being 
reported from places in Uttar Pradesh, Jharkhand, 
Chhattisgarh, Bihar and Assam. It appears that the extent of 
problem is still not fully known and many areas which are not 
yet investigated may have arsenic contaminated groundwater. 
This is especially true in case of North-eastern Indian state of 
Manipur. A study has thus been conducted to know the extent 
of arsenic contamination in parts of Manipur and to determine 
its seasonal variability. 

To investigate the extent of arsenic contamination, thirty 
three groundwater samples have been collected from Imphal, 
Thoubal and Bishnupur districts of Manipur during pre-
monsoon season. These samples were analyzed for major ions, 
arsenic and iron. In 40% of the collected water samples (i.e. 13 
samples) arsenic concentrations well above the WHO 
prescribed limit (10µg/L) were found. Further, the absence of 
any correlation between arsenic and iron indicates that 
reduction mechanism may not be responsible for arsenic 
mobilization in this area. 

To determine the seasonal variability in arsenic 
concentration, 17 sites were re-sampled during post-monsoon 
season. More than 70% of recollected water samples are 
showing a general increase in arsenic concentration from pre-
monsoon to post-monsoon season. However, the degree of 
increase in arsenic concentration is not uniform, indicating that 
the local factors play a predominating role in arsenic 
mobilization. A detailed study of the entire state is warrented 
to determine the actual extent of arsenic problem and the 
resource needed to tackle it.  
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Serpentinization plays a key role in hydrothermal 
processes and structural deformation at slow and ultraslow 
mid-ocean ridges. The links between the serpentinization 
reactions and changes in permeability and stresses are poorly 
understood. To advance our understanding of the evolution of 
permeability and fluid chemistry accompanying 
serpentinization reactions, we performed a series of high-
temperature permeability experiments on fractured solid 
ultramafic rock samples. Experimental conditions were 260˚C, 
50 MPa confining pressure, and 20±2 MPa pore pressure. 
Multiple peridotites and pyroxenites were tested, to investigate 
the effect of mineral assemblage on fluid-rock interaction and 
permeability. Samples were cylindrical cores of 18 mm 
diameter and 23 mm length that were split axially to form a 
well-mated tensile fracture. A 7.5 mm thick layer of the same 
rock, crushed and sieved (0.18-1.0 mm size range) was placed 
on the inlet end of the sample to produce a heated fluid 
reservoir with which the deionized water, used as pore fluid, 
could react before entering the fracture. 

About 1 cm3 water was pumped through the sample each 
day and collected for chemical analysis. Pore-fluid flow was in 
one direction and the pore-pressure change and flow rate were 
recorded to determine permeability. In most samples, the initial 
effective permeability was 10-15-10-18 m2, and decreased by 
about 3 orders of magnitude in approximately 2 weeks, 
suggesting that serpentinization reactions have a rapid effect 
on permeability. The behavior of Mg, Fe, and Si in solution 
varied with the composition of the host rock and with time. 
Thin section analysis of the samples from before and after the 
experiments shows that the experiments reasonably simulate 
the natural setting observed in IODP samples that show 
pervasive, small-scale fracturing. 
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Dissimlatory sulfate reduction (DSR) is an ancient 
microbial metabolism that is thought to have evolved by 
approx. 3500 million yrs ago (MA). This age is consistent with 
the location of sulfate reducers deeply in phylogenetic trees 
and with inferences made about the antiquity of enzymes that 
comprise the metabolism as well as geochemical evidence 
from S-isotopes (c.f., Sousa et al, 2013; Shen et al., 2001, 
2009; Ueno et al., 2008).  

S-isotopic signatures of sulfate reducers are not widespread 
in the interval between ~3500 MA and ~2450 MA, the time 
before the rise of oxygen. This may be because an overprint of 
mass independent fractionation obscures evidence of sulfate 
reduction. It may also be because of the metabolic response of 
sulfate reducers to Archean oceanic sulfate concentrations. It is 
commonly held that the combination of diminished isotope 
fractionations at low sulfate concentrations, when combined 
with transport of sulfate into marine sediments, limited 
expression of DSR fractionations in the Archean geological 
record (Habichet et al., 2002). This has also been recently 
demonstrated in a modern analog by Gomes and Hurtgen 
(2013). Recently, Canfield et al. (2013 Golsdchmidt) 
demonstrate that large isotopic fractionations can be produced 
at a very low (10’s of μM) sulfate concentrations. Questions 
that arise from all of this is: How widespread was DSR in the 
Archean? And what was its role in the Archean oceans. 

I will discuss how factors related to the environments 
inhabitted by sulfate reducers in the Archean may have 
conspired to generate a very different type of sulfur isotope 
record, one that masks traditionally accepted evidence for 
DSR, but also that evidence for sulfate reducers is ubiquitous 
in the late Archean, and that the role of these organisms was 
significant in the Archean oceans and sediments.  

 
[1] Gomes and Hurtgen (2013) Geology 41 663. [2] Habicht, et 
al. (2002) Science, 298, 2372. [3] Sousa et al. (2013) Roy. Soc. 
B., 368, 20130088. [4] Shen Y. A., et al (2001) Nature, 410, 
77. [5] Shen, et al (2009) Earth and Planet Sci Lett, 279, 383. 
[6] Ueno et al (2008) Geoch. Cosmochim Acta, 72, 5675. 
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Study of chemical structure of Antarctic fulvic acid has 

been of considerable interest in recent years due to its 
microbial-based origin and limited input from terrestrial or 
anthropogenic sources [1, 2]. In this work, fractionation of 
Pony lake fulvic acid from Antarctica provided by 
International Humic Substance Society (IHSS) was performed 
using C18 SPE cartridge and water – acetonitrile mixture into 
four hydrophilic and hydrophobic fractions. Bulk analyses 
using elemental analysis, FT-IR and fluorescence spectroscopy 
exhibit obvious distinction between four fractions in terms of 
C/H, C/N ratio as well as fluorophores distribution. 

  
 Ethyl chloroformate for the first time was used as a 

derivatisation reagent for GC/MS analysis of fractions. Our 
results reveals that hydrophilic fractions mostly contain 
heterocyclic nitrogen-containing compounds such as 
functionalised or branched imidazole or pyrimidine, while 
hydrophobic fractions comprise branched fatty acids, ethers, 
non-proteinogenic branched-chain amino acid, functionalised 
quinones and indoles. 

Suprisingly, there are overlaps of components in all four 
fractions. An obvious explanation can be “micelle” formation 
resulting in carryover in all fractions. Micelle formation has 
been previously observed in humic acid [3], but it has not been 
reported for fulvic acids to date. Acetonitrile addition as a 
micelle disaggregation agent to hydrophilic fraction 
significantly decreases its average molecular weight which 
supports micelle hypothesis. Experiments were also carried out 
that identified possible temperature –dependent micelle 
formation process. 

 
[1] D’Andrilli et al (2013) Organic Geochemistry 65, 19-28. 
[2] Cawley et al.(2013) Environ. Res. Lett. 8, 045015 (10 pp). 
[3] Guetzloff & Rice (1994) The Science of the Total 
Environment 152 , 31-35. 



 Goldschmidt2014 Abstracts  

 

670 

670 

Observed and simulated black carbon 
and absorption profiles during the 

TCAP campaign 
JEROME FAST1*, LARRY BERG1, DULI CHAND1, 

YING LIU1, ART SEDLACEK2, RICHARD FERRARE, 
CHRIS HOSTETLER3 AND DETLEF MÜLLER4 

1Pacific Northwest National Laboratory, Richland, WA;  
(* correspondence: Jerome.Fast@pnnl.gov) 

2Brookhaven National Laboratory, Upton, NY 
3NASA Langley Research Center, Hampton, VA 
4University of Hertfordshire, Hatfield, UK 
 

Recent studies have shown that some of the differences in 
radiative forcing among global climate models can be 
attributed to differences in simulated black carbon (BC) 
profiles. The U.S. Department of Energy’s Two Column 
Aerosol Project (TCAP) Phase I was designed to address this 
issue by providing key measurements of aerosol composition, 
size, and optical properties needed to evaluate both detailed 
process models and 3-D atmospheric models. Airborne in situ 
measurements on the G-1 aircraft and measurements from the 
new NASA Langley airborne High Resolution Spectral Lidar 
(HRSL-2) collected during July 2012 indicated a range of 
aerosol layers in the vicinity of Cape Cod, including large 
variability of aerosol extinction within residual layers 
transported from the continent over the ocean and thinner 
aerosol layers at various altitudes in the free troposphere. In 
this study, we use the TCAP data to quantify how well a 
regional model represents the vertical structure of aerosol 
layers, the concentration of BC and other aerosol species 
within those layers, and absorbing and scattering properties in 
the vicinity of Cape Cod. Simulated profiles of BC are 
compared with SP2 measurements, profiles of scattering and 
absorption with nepholometer and PSAP meaurements, and 
profiles of exinction, backscatter, and absorption at multiple 
wavelengths with HSRL-2 measurements. Sensitivity studies 
quantify the relative contribution of anthropogenic, biomass 
burning, and natural sources of aerosols on absorbing aerosol 
as well as the layering structure. Observed profiles of aerosol 
composition and size are also used to drive the model’s aerosol 
optical property module to assess the relative contribution of 
absorption errors due to simulated aerosol mass, composition, 
and size compared to uncertainties in the treatment of BC 
mixing rules in Mie calculations and mixing state of aerosols.  
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To quantitatively evaluate the flux of H2 associated with 
serpentinization and document the kinetics of the H2-producing 
reaction, serpentinization experiments have been performed on 
fine-grained (<60µm) natural harzburgites powders from the 
Pindus ophiolite. Experiments are carried out in large-volume 
Dickson-Seyfried bombs at 250 and 300°C for a total pressure 
of 500 bar and durations up to 3 months. Either Ti or Au-Ti 
bags were used as containers, together with artificial seawater 
(3.2% NaCl). A constant water-rock ratio of ~1.8 was imposed. 
For each temperature two types of experiments were conducted 
in parallel. In the first type, the hydrothermal fluid is 
periodically sampled and its H2 concentration determined by 
gas chromatography (GC). In the second type, the H2 fugacity 
inside the reaction bag is permanently monitored with a H2 
semi-permeable membrane made of Au20Pd80. Product phases 
identified after the experiments include serpentine (>80 vol%), 
magnetite and brucite consistent with a serpentinization 
reaction. 

At 300°C, the GC measurements show that the H2 
concentration increases up to ~50mmol.kg-1 in less than ~10 
days. A plateau of ~110 mmol.kg-1 is reached after ~50 days. 
H2 concentrations and time evolutions are similar for Ti and 
AuTi bags. At 250°C, the plateau is lower (~50 mmol.kg-1) and 
attained after 12 days. An increase of the membrane fH2 is 
observed after the 2nd (300°C) and the 3rd (250°C) day. The 
maximum rate of fH2 increase occurs during the 6th (300°C) 
and the 5th (250°C) day. At 300°C, the fH2 is stabilized at 12.4 
bar after 16 days, corresponding to a fO2 of ~NNO-3.9. At 
250°C, using a membrane with a lower free volume, the fH2 is 
stabilized at 38 bar after 70 days, corresponding to a local fO2 
of ~NNO-5.5. 

Our intrinsic fH2 measurements are the first performed on a 
serpentinization reaction and suggest that H2 generation is 
surprisingly rapid. The establishment of a quantitative link 
between the H2 concentration and the fH2 is in progress. 



 Goldschmidt2014 Abstracts  

 

672 

672 

Simultaneous increase in planktonic-
benthic carbon isotope gradients and 
phosphorus deposition in sediments 
from the Caribbean (ODP Site 999) 

provide evidence for increased 
nutrient delivery and organic carbon 
burial during Miocene volcanic ash 

events 
K. L. FAUL1, C. H. LEAR2, E. DIRKSEN1, H. SIMPSON2  

AND L. ZENTNER 1 
1Environmental Science Program/Chemistry Department, Mills 

College, 5000 MacArthur Blvd, Oakland, CA 94613, USA 
2School of Earth and Ocean Sciences, Cardiff University, Main 

Building, Park Place, Cardiff CF 10 3AT, United Kingdom 
 

The mid-Miocene experienced a a positive carbon (C) 
isotope shift and climate optimum known as the Monterey 
Excursion, which progressed into a global cooling trend during 
the late Miocene. A possible mechanism for the cooling is 
volcanic ash deposition in marine waters, leading to increased 
nutrient supply, export productivity, organic C burial, and 
atmospheric carbon dioxide drawdown. We test the hypothesis 
that mid- to late Miocene volcanism in the Caribbean served as 
an external source of nutrients, causing a local increase in 
export productivity and organic C deposition. Here we 
compare benthic and planktonic foraminiferal δ13C and 
biologically reactive phosphorous (P, the sum of oxide bound, 
authigenic, and organic P) measured across volcanic ash layers 
deposited during the mid-Miocene (~16.5 Ma) and late 
Miocene (~9.6 Ma) in the Caribbean basin (ODP Site 999, 
Core 46X and Core 18X). Across both ash events, P 
concentrations increase. Coincident with the increase in P 
during the late Miocene ash event is a peak in the planktonic to 
benthic foraminiferal δ 13C gradient measured from the same 
samples. We interpret the sequence of events as indicating that 
ash deposition associated with explosive volcanism was a 
source of nutrients in the Caribbean Basin, causing increased 
export productivity and organic C burial at this time. The open 
Panamanian gateway may have aided in nutrient dispersion to 
the circum-Pacific. We speculate that volcanic ash deposition 
played an important role in the middle to late Miocene cooling 
trend and associated carbon isotope excursion. 
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Several recent publications (e.g., Becks et al. 2005, Nature 
Letters; Graham et al 2007, Int. Soc. Microb. Eco. J.; Beninca 
et al 2008, Nature Letters; Saleh, 2011, IJBAS) have 
supported the breakthrough discovery that deterministic chaos 
occurs in relatively simple biochemical systems. This was 
accomplished through a series of experiments that produced 
time series of data (microbe populations, substrate 
concentrations, etc.), which were then analyzed using recently 
developed methods of nonlinear dynamics and chaos. For an 
overview, see Molz & Faybishenko, 2013, and Faybishenko & 
Molz, 2013, Procedia Environ. Sci. The chaotic dynamics may 
arise from nonlinear interactions within the system being 
studied, not induced by time-varying boundary conditions. 
Chaotic dynamics of the system resulted in the formation of 
strange attractors that may be viewed as representation of a 
type of emergent behavior. In their mathematical analysis of a 
fully mixed, predator-prey system (2 microbes, 1 food source), 
based on Monod growth kinetics, Kot et al (1992, Bull. 
Mathematical Bio.) showed that chaotic dynamics could not 
occur unless chemostat substrate availability was varied 
sinusoidally. In order to study the internal dynamics of a 
slightly more complex system, we generalized the Kot et al 
model to have a spatially-dependent food source, in which case 
it simulated substrate diffusion into a growing biofilm 
composed of a feeding microbe and a predator. With 
parameters identical to Kot et al. (1992) we were able to 
generate chaotic dynamics even with constant boundary 
conditions, which implied a fully internal self-organization of 
chaos. In this presentation, we also discuss the self-
organization and complexity of the system generated using a 
modified Kot et.al. model by means of calculations of the 
information entropy. We are applying these concepts to help 
understand why a coupled microbial Kot et al model with 
spatial dependence, resulting in a system of PDEs, appears to 
favor the occurrence of chaos as compared to a fully mixed 
model. 
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Plants make a host of biochemicals; some of these are of 

interest for ecohydrology and paleoclimatology. Two of the 
most resilient plant molecules to survive transfer to soil and 
through rivers to sedimentary deposits are n-alkanoic acids 
(FAs) and lignin.  

Long chain FAs are derived primarily from the waxy 
coating on plant leaves and represent the most abundant leaf 
wax molecules in fluvial samples. FAs are prime targets for 
compound specific hydrogen, carbon and radiocarbon 
analyses, particularly where samples are small (e.g. fluvial 
suspended load), analytical demands are large (e.g. 
radiocarbon) or gymnosperms are present (alkanes low or 
absent). In sediments, FAs are some of the most abundant and 
analytically-tractable plant wax compounds, especially where 
petrogenic alkanes may obscure contemporary biospheric 
sources. FAs are common paleoclimate tools, but neglected in 
ecological work which historically focused on alkanes.  

Lignin is derived mostly from the woody tissues of plants, 
and constituent lignin phenols provide information about plant 
type as well as isotopic analytical targets. This is of interest as 
studies on tree wood have shown that D/H ratios of lignin 
methoxyl groups present novel possibilities for ecohydrology.  

I review prior work and unresolved questions on both 
proxies and further show how studies of biomarkers in transit 
in rivers can bridge the conceptual gap between modern plant 
ecology and paleoclimate reconstructions. To do this, I 
highlight our new work on a Peruvian fluvial system. A paired 
lignin and FA approach allows us to track both woody and leaf 
biomass as plant organic matter makes its way into soils, rivers 
and geological archives. I discuss the implications for 
hydrological interpretations of plant biomarker D/H ratios in 
modern and ancient deposits.  
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All major rock-forming cations (e.g., Si, Mg, Fe, Ca, Al, 

Na, K) form volatile hydroxide gases. At high temperatures 
expected for steam atmospheres on the early Earth and hot 
rocky exoplanets, chemical equilibrium models predict rocky 
elements partition into atmospheres as hydroxide gases in 
larger amounts than expected from their volatility over molten 
lavas [1,2]. Silicon and Si(OH)4 gas exemplify this behavior. 
Using data from [3,4] models of the reaction SiO2 (melt) + 
2H2O (gas) = Si(OH)4 (gas) predict Si(OH)4 partial P ~ 0.034 
bar at 1873 K in 100 bar H2O – CO2 as expected for Earth-like 
exoplanets [2]. This is ~ 10,000 times larger than expected 
from vaporization of Si from lavas. I discuss results of 
atmospheric chemistry models for lava planets with steam 
atmospheres. The results predict spectroscopically obervable 
gases on these planets and are also useful for modeling steam 
atmosphere chemistry on the early Earth. 
 
[1] Fegley, B. and Schaefer, L. (2014) chapter 6.3, pp. 71-90, 
TOG. [2] Schaefer, L. et al (2012) Astrophys. J. 755, 41. [3] 
Plyasunov, A.V. (2011) GCA 75, 3853-3856. [4] Zaitsev, A.I. 
et al (2006) Russ. J. Phys. Chem. 80, 335-344. 
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Reconstructions of past ocean thermocline structure are 
hampered by the lack of culture-based calibration relationships 
for thermocline-dwelling planktic foraminifera. 
Neogloboquadrina dutertrei is a non-spinose planktic 
foraminifer that is abundant in tropical to mid-latitude regions. 
Its average depth habitat ranges from 50-150 m, with peak 
abundances commonly associated with the depth of the 
chlorophyll maximum. The ability to use the Mg/Ca 
composition of N. dutertrei is currently hampered by very 
sparse culture-based calibration data, which are limited 
because they are difficult to maintain in the laboratory. We 
extend the existing culture based Mg/Ca-T calibration data 
across a broad temperature range (12°, 16°, 18°, and 22°C). 
Specimens were collected via plankton net from the Southern 
California Bight (Summer, 2013) and cultured at the Wrigley 
Marine Science Center, Santa Catalina Island, California. We 
use improved analytical methods to obtain trace element 
analyses. By culturing specimens in labelled seawater, we 
identify discrete portions of calcite that grew in culture, and 
analyse them using LA-ICP-MS. Initial results (12°C, 16°C, 
and 22°C) suggest a lower temperature sensitivity for this 
species (6% change in Mg/Ca per °C) compared to previous 
calibration studies (7-10% change in Mg/Ca per °C).  
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It is widely understood that assimilation of felsic crust 
contributes significantly to the generation and evolution of 
magmas at continental arcs. It is less understood how and to 
what extent assimilation of mafic crust may contribute to 
magma formation and evolution at island arcs and mid-ocean 
ridges. Felsic rocks have lower melting temperatures relative to 
typical basalt magmatic temperatures, allowing for relatively 
economical assimilation of these materials. Assimilation of 
basalt, by contrast, is energetically expensive. Furthermore, the 
composition of the basaltic crust will be generally similar to 
the composition of the basaltic magma, giving the crust less 
leverage over the bulk magma composition upon assimilation. 
However, the energetic cost of assimilating poorly crystallized 
hyaloclastite, palagonite, or scoria may be much less than that 
of assimilating holocrystalline basalt, and if these materials 
have experienced hydrothermal alteration prior to assimilation 
there may be distinct, observable isotopic tracers of this 
process. We present two examples of volcanic systems in 
Iceland where independent lines of evidence suggest 
significant assimilation of older basaltic crustal material by 
younger basaltic magmas. At Lakagigar, in the Eastern 
Volcanic Zone, anomalously light boron isotope ratios 
measured in plagioclase-hosted melt inclusions provide 
evidence for assimilation of hydrothermally altered crust prior 
to the fissure eruption of 1783-84. At Thrihnukagigur, in the 
Western Volcanic Zone, multiple populations of plagioclase in 
surface lavas provide evidence for assimilation of an older 
scoria cone buried beneath subsequent lava flows. One 
population of plagiclase in the ~4 Ka surface lavas can be 
correlated with plagioclase from the buried scoria cone, 
remnants of which are still present within the now-empty 
magma chamber, on the basis of crystal morphology and trace 
element ratios. We propose that such episodes of basaltic 
cannibalism may be common where intruding magmas form 
sills due to density contrasts between massive lava flows and 
scoria, hyaloclastite, or tillite layers buried within the Icelandic 
crust. Supporting evidence for the occurrence of similar 
processes in Iceland is provided by seismic and geodetic 
observations at Eyjafjallajokull, which indicate multiple 
magma intrusions into mid-crustal sills prior to the 2010 
eruption. 



 Goldschmidt2014 Abstracts  

 

678 

678 

Combination of isotopic composition 
and speciation in rice grains from 

chinese mining area to elucitade Hg 
biogeochemcial pathways 

C. FENG1, Z. PEDRERO1, P. LI2, B. DU2, X. FENG2, 
J. BARRE1, M MONPERRUS1, E. TESSIER1, S. BERAIL1  

AND D. AMOUROUX1 
1LCABIE, IPREM, CNRS-UPPA-UMR-5254, Pau, 64053, 

France  
2State Key Laboratory of Environmental Geochemistry, 

Institute of Geochemistry, Chinese Academy of Sciences, 
46 Guanshui Road, Guiyang, Guizhou 550002, PR China 

 
Mercury is a pollutant of major concern that can be 

bioaccumulated on the throphic web, resulting on a 
biomagnification of its negative effects on human health. Rice, 
the dominant global crop, is recognised to be an important 
source of Hg in human diet considering the soil uptake and 
transport to the edible part. It constitutes a potential risk in Hg 
polluted areas, as mining regions in China, where the most 
important monomethyl mercury (MeHg) exposure source is 
not fish consuption, but rice [1]. 
In this work Hg speciation (GC-ICPMS) and isotoic 
composition (CVG-MC-ICPMS) in 14 rice grain samples from 
different locations in Whanshan Hg-mining area (Guizhou 
Province, China) were investigated. A large variation of MeHg 
%, from 10 to 90%, is observed. Mass dependent fractionation 
(MDF) of Hg differed by up to ~4.0 ‰ in δ202 Hg values, 
depending on the sampling site, meanwhile mass independent 
fractionation (MIF) of Hg isotopes remain constant (close to 
0). 
 The combination of Hg isotopic composition and MeHg 
extent shows that this Hg organic species is much easily 
transported than Hg(II), what can be attributhed to the 
retention of inorganic forms by phytochelatins [2]. The 
identification of MeHg binding cysteine in enzymatic extracts 
of rice grains [3] suggests the implication of proteins and 
biomolecules on the processes of uptake and transport of such 
neurotoxic species. The elucidation of such unknown processes 
claim for a different Hg speciation approach, based on liquid 
chromatography. It allows the investigation of Hg-containg 
biomolecules, not being limited to Hg inorganic and MeHg 
species, as has been done until the moment. This work deal 
also with such a challenge: advantages, drawbacks and 
perspectives of Hg speciation by HPLC and its combination to 
isotopic analyses will also be presented. 
 
[1] X. Feng et al Environ. Sci. Technol. 2008, 42, 326 [2] 
Krupp et al Chem Comm 2009, 4257. [3] Li et al Environ. 
Poll. 2010, 58, 3103. 
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Exploring the structure and nature of the marine redox 

chemistry is crucial for understanding the dramatic biological 
radiation occurred in stages in the early Cambrian. In this 
study, we presents new Fe-Mo-C-S geochemical data for the 
black shale-associated strata of early Cambrian Stage 2-3 age 
from the Yangjiaping section, of which the slope environment 
is paleooceanographically key for reconstructing the ocean 
redox structure in the Nanhua Basin, South China. Integrated 
Fe speciation and Mo abundance data from the Yangjiaping as 
well as three previously studied water-depth-different sites 
[Shatan, Songtao and Longbizui] coordinately reveal a 
stratified marine basin, in which widespread mid-depth euxinic 
waters were sandwiched by the deepest ferruginous waters and 
surface oxic waters during transgressive period, but 
significantly shrank during following regressive period. Such a 
euxinic shrinking can be interpreted as a result of persistent 
decrease of sulfate reservoir in deep waters by intensive 
bacterial sulfate reduction and pyrite formation fueled by 
ample organic production based on isotopic records of both 
sedimentary organic matter and pyrite. The findings of the 
early Cambrian stratified marine redox structure and sulfate 
control on mid-depth euxinic development in this study are 
generally identical to those previously identified in the 
Ediacaran Nanhua Basin[1], highlighting the spatial 
heterogeneity of ocean chemistry as well as overall low 
oceanic sulfate throughout the Ediacaran and early Cambrian.  
 
[1] Li, C., et al Science, 2010. 328, ,80-83. 
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Jinzhuyuan concealed granite stock is located in the south 

of the Limu W-Sn-Nb-Ta polymetallic orefield of south China. 
The orefield is well-known for its unique trace metal 
association in China. The granite stock is a fine-medium-
grained muscovite monzogranite and has a steep intrusive 
contact with its Devonian and Carboniferous country rocks. 
The ores either are directly hosted by the granite or occur as 
veins such as quartz veins and feldspar-quartz veins within the 
granite. Other ore-bearing veins are hosted by carbonate in the 
outer contact zone.  

In this study, muscovite samples were selected from two 
ore samples that were respectively collected from a 
wolframite-bearing quartz vein and a greisen that occurs right 
next to the wolframite-bearing quartz vein. The muscovite 
samples were irradiated at the U.S. Geological Survey TRIGA 
Reactor in Denver and dated at the Noble Gas Laboratory of 
University of Arizona by using 40Ar-39Ar step-heating method. 
The dating yielded a 204.8±1.8 Ma plateau age for sample 
LM004-3 and a 205±1.6 Ma plateau age for sample LM004-4. 
The ages clearly constrain the mineralization timing of the 
deposit and it was during the late Indosinian time. The near-
coeval ages may also suggest that both types of ores were 
produced about in the same time. 

The Jinzhuyuan granite has a reported zircon SHRIMP U-
Pb age of 218.3±2.4 Ma and a muscovite 40Ar-39Ar plateau age 
of 212.4±1.4 Ma[1]. Obviously the mineralization age obtained 
in this study is about 7-14 m.y. younger than its host granite, 
suggesting that the W-Sn-Nb-Ta polymetallic mineralization 
was subsequent to the Jinzhuyuan granite emplacement and 
was a localized hydrothermal process associated with the 
igneous activity. 
 
[1] Feng, Zuihai et al (2013) Resource Geology 63, 320-329. 
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Iron oxyhydroxides are of widespread occurence in soils 

and sediments. As they are particularly strong sorbents for 
natural organic matter (NOM) they can play critical roles for 
organic carbon (C) storage in terrestrial environments, and 
therefore strongly impact global C cycling. Surface loadings 
and properties of NOM associated to iron oxyhydroxide 
surfaces can however vary widely depending on the 
biogeochemical history of an environment. In this study we 
tested the important question of whether NOM stability is 
affected when complexed to iron oxyhydroxides.  

Bog water NOM were reacted with aqueous suspensions of 
synthetic goethite particles (69 m2/g) at C/Fe (w/w) ratios of 
0.01-3.91 at pH 3, 4 and 6. The thermal stabilities of the 
resulting NOM-goethite samples were then studied in vacuo by 
temperature programmed desorption-Fourier transform 
infrared spectroscopy (TPD-FTIR). Vibrational attributes of 
the samples were monitored in tandem with thermally driven 
desorption of gases (e.g. CO2, H2O) by mass spectrometry.  

 
NOM loadings achieved at goethite surfaces lied in the 0.1-

4.4 mgC/m2 range. TPD results showed that decomposition 
temperatures relative to dry NOM were lowered at C/Fe ≤ 0.14 
but increased at C/Fe > 0.14 (Figure 1). FTIR measurements 
revealed complex changes in the bonding environment of the 
NOM during TPD. The data suggest that low C/Fe loadings 
destabilize NOM stability by disrupting the otherwise inherent 
hydrogen bonding network of this compound. Higher C/Fe 
loadings regain the intrinsic NOM stability as goethite-NOM 
interactions become minor features of the bonding 
environment of this assemblage.  
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Recent observational studies have shown the absorbing 

part of organic aerosols, referred to as “brown” carbon (BrC), 
to be a significant source of absorption of solar radiation. We 
derived an optical treatment to account for BrC, based on 
spectral measurements of aerosol absorption, and conducted 
global calculations of aerosol optical properties and radiative 
transfer, with non-absorbing OC, moderately absorbing BrC, 
and strongly absorbing BrC. The simulated wavelength 
dependence of aerosol absorption, as measured by the 
absorption Ångström exponent (AAE), increases from 0.9 for 
non-absorbing organic carbon to 1.2 (or 1.0) for strongly (or 
moderately) absorbing BrC. The AAE calculated for the 
strongly absorbing BrC agrees with AERONET spectral 
observations at 440–870 nm over most regions but 
overpredicts for the biomass burning-dominated South 
America and southern Africa, in which inclusion of moderately 
absorbing BrC exihibits better agreement. In the presentation, 
we will also show the model comparison with the DOE/ARM 
absorption spectral measurements.  

The main findings from this study are: 
BrC absorption results in a global radiative forcing of 

+0.04 to +0.11 W m-2, about 10% to 25% of the black carbon 
(BC) forcing (+0.45 W m-2) at the top of the atmosphere; 

Strongly absorbing BrC contributes to 19% of solar 
absorption by anthropogenic aerosols, while 72% is attributed 
to BC, and 9% due to non-absorbing coatings; 

Regional effect of BrC contributes up to 50% of aerosol 
absorption over biomass burning and bio-fuel regions; 

BrC absorption changes the direct radiative forcing of 
organic carbon aerosols from cooling (−0.08 W m−2) to 
warming (+0.025 W m−2), particularly over source regions and 
above clouds. 
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Junggar basin is a Paleozoic to Cenozoic petroliferous 
basin located in northern part of Mountain Tianshan, 
northwestern China. During early Permian period, the basin 
was a continental rift basin. Fengcheng Formation (P1f) in 
Mahu depression, corresponding to Lucaogou Formation (P1l) 
in Jimusar depression and Pingdiquan Formation (P1p) in 
Shazhuang-Shishugou depression, consisting of deep lake 
mudstone, shale, dolomitic mudstone, shaly dolomite, 
tuffaceous dolomite interbeded with siltstone and dolomitic 
sandstone, is deposits of rift climax. Trace elements ratios such 
as Sr/Ba B/G, V/Ni, and isotopes of Carbon and Oxygen were 
used to analyze sedimentary environment and genesis of 
dolomites. The results show that the Fencheng Formation was 
deposited in saline semi-deep lake: the Z value exceeds to 120, 
the Sr/Ba is about 0.41～327.09, the B/Ga is about 
0.55～369.37, the V/Ni is 0.06～6.01. The dolomites are 
divided into lamina dolomites, thin-bed dolomites, and spotted 
dolomites. They are mainly the penecontemporaneous and 
epigenetic dolomite, the former was deposited in a saline semi-
deep lake, while the latter resulted from the dolomitization of 
lime mud that was deposited in a salinesemi-deep lake during 
the diagenetic stage. The Mg2+ ions resulted from saline water 
and basalt hydrolyzing. The temperature of dolomite formation 
was about 34.86～57.27℃. The dolomites distributed at ramps 
of semi-deep lake controlled by paleoreliefs which could be the 
underwater high caused by volcanic eruption and structural 
movement. The dolomites and dolomitic sandstones interbeded 
with grey mudstone and shale are tight reservoirs. The “sweet 
spots” of the tight reservoirs distributed near faults, the main 
reservoir spaces of them are dissolved pores and fractures.  

 
Key words: Dolomite, Early Permian period, lacustrine 

strata, Junggar basin 
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 Ziyuan-Xinnin ductile shear zone occurs along the western 
margin of the Yuechengling batholith in NE Guangxi of south 
China. The shear zone is a large, sinistral-normal strike-slip 
zone. 100 km long and 2-10 km wide with a strike on NEN, 
the zone consists of mylonite, tectonic gneiss, and tectonic 
schist. Field investigation suggests that it is a long-lived, 
episodic fault zone. In this study, we collected muscovite 
samples from the tectonic muscovite schist from Xiangxi rock 
quarry located in the south section of the shear zone. The 
samples were irradiated at the U.S. Geological Survey TRIGA 
Reactor in Denver and dated at the Noble Gas Laboratory of 
University of Arizona by using 40Ar-39Ar step-heating method. 
The dating yielded a 143±3 Ma plateau age. Field observations 
indicate that the tectonic muscovite schist zone where the 
samples were collected, strikes in NWN and is superimposed 
in the main mylonite zone. The obtained muscovite age is 
interpreted as an age for the tectonic muscovite schist zone. 
The age of the main shear zone should be older (an Ar-Ar 
work is on the way to find its age). The results confirm that the 
ductile shear zone is an episodic fault zone with a younger 
tectono-thermal activity at 143±3 Ma. The episodic tectono-
thermal activities in the NE Guangxi region since the 
Caledonian orogeny are also recorded in and supported by 
several large-scale, similar shear zones in vicinity. For 
example, the Bendong granitic mylonite is aged at 404.3±6.2 
Ma, the Motianling granitic mylonitic-gneiss at 425.7±0.9 Ma, 
and the Yuanbaoshan granitic mylonitic-gneiss at 324.8±0.58 
Ma[1]. 
 

Acknowledgement: This research was financial supported 
by NSFC (No. 41162005), Guangxi NSF (No. 
2012GXNSFCA053007)and a Bagui Scholar Innovation 
Project of Guangxi Province (to Xu). 
 
[1] Zhang, Guilin. (2004) Changsha: Central South University 
dissertation, 114-137 
 



 Goldschmidt2014 Abstracts  

 

685 

685 

Geochronology of Yuechengling 
Gneissic Granite Pluton in the 
Northeastern Guangxi, China 

ZUOHAI FENG1, FENG YANG1*, JIE WU1,  
BAOHUA WANG1 AND PENGFEI NIU2 

1College of Earth Sciences, Guilin University of Technology, 
Guilin, 541004, China  
(*Corresponding author:yangfeng@glut.edu.cn) 

2Gansu Geological Survey, Lanzhou, China 
 

The Yuechengling batholith is located in northeastern 
Guangxi Zhuang Autonomous Region of south China. The 
batholith is 86 km long in a northeast direction and 18 km wide 
from east to west with an exposed area of 1,390 km2. The main 
body of the batholith is a medium-coarse-grained, porphyritic 
biotite granite. The Yuechengling gneissic granite constitutes 
the western margin of the batholith. It is predominantly a fine- 
to medium-grained biotite granite. It is characterized by a set 
of generally NE-striking gneissic foliation throughout the 
granite, herein named “gneissic granite”. Another important 
geologic feature in the area is the large-scale, NE-striking 
Ziyuan-Xinnin greenschist-facies ductile shear zone. The shear 
zone is superimposed on the gneissic granite and has a long 
and episodic fault history.  

In this study, we selected zircon grains from the gneissic 
granite samples and performed SHRIMP U-Pb 
geochronological analysis at Beijing SHRIMP Center, in order 
to constrain age of the gneissic granite and to understand 
regional igneous history. The result yields a 429.6±4.3 Ma age 
for the gneissic granite, indicating a late Caledonian igneous 
event. This age is close to the age of the main body of the 
batholith reported by previous workers (412-421 Ma). It is also 
coeval or near-coeval to ages of several batholiths located in 
northeastern Guangxi, for example, the Haiyangshan batholith 
(431±7 Ma), the Yinshanling pluton (426.3±4.2 Ma), the 
Guiling pluton (424.4±5.6 Ma), and the Daning pluton 
(419.1±6.4 Ma). It is suggested that, first, the gneissic granite, 
because its yielded age is even older than the main body of the 
batholith, is an earlier phase of the Yuechengling batholith and 
the gneissic foliation was most likely generated by a younger 
ductile shearing event at an upper greenschist-facies; and 
second, it confirms that there existed a regional-scale 
tectonothermal event in northeastern Guangxi in late 
Caledonian time. 

 
This study is financially supported by NSFC (No. 

41162005), Guangxi NSF (No. 2012GXNSFCA053007) and a 
Bagui Scholar Innovation Project of Guangxi (to Xu) . 
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The structure and reactivity of the calcite-water interface 
has been extensively studied. Nevertheless, we have recently 
found some surprising results during real-time observations of 
the calcite-water interface with X-ray reflectivity (XR) and X-
ray reflection interface microscopy (XRIM). 

In the first set of measurements, we used specular XR to 
probe the temporal response of the calcite (104) surface 
morphology to changing solution conditions as a complement 
to more widely used AFM studies. Morphological information 
is encoded in the shape of the reflected X-ray beam (e.g., the 
average surface domain size can be estimated from the 
reflection width). We found, not surprisingly, that the average 
surface domain size decreased substantially after the surface 
was exposed to de-ionized water and recovered after “healing” 
in calcite-saturated solutions. This behavior was presumably 
due to the reversible increase in the surface step density 
associated with surface roughening. We also found, however, 
that the healing process exhibited interesting, apparently 
hysteretic, behavior that depended on both the solution 
composition as well as the solution flow rate. We will describe 
our initial results of these measurements and discuss possible 
explanations. 

In the second set of measurements, we imaged the calcite-
water interface morphology directly using the recently 
developed XRIM apparatus [1,2], a full field X-ray interfacial 
microscope. We observed dramatic changes to the calcite 
surface morphology in real-time, which were driven by the 
high radiation field of the focused XRIM beam. These changes 
are associated with the radiolysis products of water (e.g., 
hydroxyl radicals and hydrated electrons) that react with the 
calcite surface to modify the calcite solubility/stability. The 
results provide novel insights into the role of radiation fields in 
modifying mineral-water reactivity.  

 
*Supported by the USDOE/BES Geosciences Research 

Program. 
 

[1] Fenter et al (2006) Nat. Phys. 2, 700-704. [2] Fenter et al 
(2010) GCA, 74, 3396-3411. 
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Crystallization of CaCO3 from aqueous solutions is a topic 

of great interest in geology and geochemistry, 
biomineralization, materials science and also industrial 
crystallization. The presence of different foreign ions in the 
fluid can inhibit the precipitation of calcite, the most stable 
polymorph of calcium carbonate at ambient conditions, and 
promote the precipitation of vaterite, aragonite or hydrated and 
amorphous phases of CaCO3. The foreign ions can also affect 
the sequence of polymorphic transformations that can 
eventually occur after precipitation. 

The nucleation and growth of metastable calcium 
carbonate polymorphs is commonly related to the 
predominance of kinetic factors over thermodynamic 
properties. However, in the interpretation of these phenomena, 
both kinetic and thermodynamic factors have to be considered. 

The possibility of incorporating Se(IV) in the crystal 
structure of calcite have been studied in a number of 
experimental works (see for example [1] and [2]), but the 
influence of this anion in CaCO3 polymorphism is poorly 
known. 

In the present work, CaCO3 have been precipitated in 
aqueous solution in the presence of different amounts selenite 
at room temperature. After precipitation, the solids have been 
aged in the remaining water for one month. The structural and 
compositional of the solids have been monitored during the 
aging period by X-ray powder diffraction and EDS. 

It has been observed that the oresence of Se(IV) in the 
aqueous solution promotes the precipitation of vaterite and 
inhibits its transformation into calcite. In the first stages, the 
precipitated vaterites present poor crystallinity and have 
incorporated up to 16% of Se in its structure. However, 
vaterites increase their crystallinity and chemical purity with 
aging time. 

 
[1] Aurelio G et al (2010) Chem. Geol. 270 (1-4), 249-256. [2] 
Renard F. et al (2013) Chem. Geol. 340, 151-161. 
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Amorphous calcium carbonate (ACC), the precursor to a 
wide variety of biominerals, has a highly hydrated and 
disordered structure.1 Modeling studies have pointed to an 
important role of water in the stability of this amorphous 
phase.2 However, there is a lack of experimental studies 
addressing the structure and dynamics of water in ACC. Here, 
we present the results of TGA, FTIR and Incoherent Inelastic 
Neutron Scattering (IINS) experiments designed with the aim 
of obtaining dynamical information that can be used to 
ascertain the stability and the environment of water in the 
amorphous structures of ACC and Mg-bearing ACC. Ab-initio 
calculations and classical MD simulations were used to 
analyze the IINS spectra. 

TGA and FTIR results reveal that different types of water 
are present in the structure. The use of IINS is specially 
interesting, since this technique gives information about the 
strength of the hydrogen bond network around the hydrated 
cations. The results indicate that a strong H-bond network is 
present whose stability is independent on the amount of Mg2+ 
in the ACC. This indicates that water is preferentially 
coordinated with the Mg2+, revealing a mechanism for the 
increased kinetic persistence of the Mg2+-bearing amorphous 
structure. 

 
[1[] Addadi, L. et al Adv. Mater. 2003, 15, 959–970. [2] 
Raiteri, P. & Gale, J. D.. J. Am. Chem. Soc. 2010, 132, 17623–
17634.  
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Introduction 

The mobility and the bioavailability of arsenic is 
influenced by a particular solid phase of which it is associated. 
Based in the concepts of natural attenuation/intrinsic 
remediation [1], this study estimate the potential arsenic 
mobility and release by a sequential extraction method [2] and 
column leaching tests [3] in 3 samples of contaminated soils. 
The samples used in this work were collected around a gold 
mine area, in the Paracatu city, Minas Gerais, SE Brazil. 

 
Results 
 
Table 1: Arsenic speciation obtained by the sequential 
extraction method (mg.kg-1 dry weight). 

 
 
 
 
 
 
 

Table 2: Arsenic concentrations in leaching extracts (µg.L-1 ). 

 
The sequential extraction results indicate that the presence 

of As is in a form less available in the soil, binding to iron 
oxides and compounds partially oxidized from the original 
mineral. Leaching tests clearly show a retaining process of 
arsenic with the addition of calcium chloride solutions. For a 
more conclusive evaluation about the process described here, 
further studies are currently being carried out. 

 
[1] Gerth et al (2001), Treatment of Contaminated soil, 603-
614. [2] Salomons & Förstner (1980) Environ. Tech. Lett. 
1:506–518. [3] Dankwarth et al. (2000). In: 11th ICHMET, 
1277. 
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The 651Ma Tavares pluton is a high-K calc-alkalic, 
metaluminous, magmatic epidote-bearing quartz monzonite 
batholith, intrusive into Mesoproterozoic orthogneisses in the 
Alto Pajeú belt, northeastern Brazil. This pluton exhibits snail 
structures, diorite as co-magmatic enclaves, syn-plutonic and 
ladder dikes, and carries tightly-folded banded epidote 
amphibolite xenoliths up to 1m in length. These Cr- (up to 
1200 ppm) and Ni- (up to 360 ppm) enriched xenoliths display 
chemistry compatible to that of intraplate low-K oceanic 
basalts. They exhibit fractionated chondrite-normalized REE 
patterns, overlapping those of the host quartz monzonite and 
diorite enclaves and lack Eu anomaly. Initial 87Sr/86Sr ratios for 
the quartz monzonite vary from 0.70779 to 0.70938, and 
εNd(0.6Ga) from -3.2 to -3.4, with tDM ages from 1.4 to 1.3 Ga. 
Values of δ18O (zircon) from the quartz monzonite average 
+9.1 ± 0.1‰VSMOW (n=8), and calculated w.r. rock is of 10.8 ± 
0.1‰VSMOW. Values of δ18O for epidote and quartz of the 
amphibolites (8.54; 12.66‰) are similar to those of the host 
quartz monzonite (8.04; 13.14‰) and diorite (8.32; 12.94‰). 
These data suggest that the amphibolite xenoliths are portions 
of the source rock for the diorite magma whose underplating in 
the base of the lower crust has led to partial melting and 
formation of the quartz monzonite source magma. The high 
δ18O values for the amphibole (metabasalt) xenolith could be 
due to low-T 18O isotopic interaction with oceanic water.  
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Melt inclusions (MI) study in migmatites is a powerful 
approach to retrieve the original composition of the anatectic 
melt, both as major elements and fluid contents. Crystallized 
MI, or “nanogranites”, were identified within HP felsic 
granulites from Orlica–Śnieżnik Dome (NE Bohemian 
Massif). The investigated samples are Grt+Ky leucogranulites 
where nanogranites occur in garnet as primary inclusions. They 
consist of Qtz+Ab+Bt+Kfs±Ep±Ap, interpreted as result of 
anatectic melt crystallization. Partial melting took place at 
T≥875°C and P~2.2–2.6 GPa, under eclogite-facies conditions. 
Piston cylinder re-homogenization experiments were 
performed on MI-bearing garnet chips to re-homogenize the 
crystallized inclusions. Experiments in the range 850–950°C 
and 2–2.5 GPa show that nanogranites can be re-melted at 
T≥875°. Re-melted nanogranites with size >15 µm underwent 
decrepitation in every experiment, with 1) formation of cracks 
connected to Grt boundaries, i.e. the internal P equals the 
confining P, and 2) limited crystallization of new garnet on the 
walls of the inclusions, with lower CaO / higher MgO than the 
host. At 2.5 GPa, remelted nanogranites of small size (<10 µm 
in diameter) show shrinkage bubbles, limited decrepitation and 
no new Grt. The glass is granitic in composition and contains 
water, identified by Raman spectroscopy. Further experiments 
at higher pressure are underway, with the aim to achieve full 
re-homogenization and reproduce the system peritectic garnet 
+ anatectic melt present during anatexis. 



 Goldschmidt2014 Abstracts  

 

692 

692 

Background correction for clumped 
isotope analysis of CO2 based on 

m/z = 49 ion beam intensities 
JENS FIEBIG1,2*, TINA LUEDECKE2, NIKLAS LOEFFLER1, 

KATHARINA METHNER2, ULRIKE WACKER1  
AND SVEN HOFMANN1 

1Institute of Geosciences, Goethe University Frankfurt, 
Altenhöferallee 1, 60438 Frankfurt, Germany 
(*correspondence: Jens.Fiebig@em.uni-frankfurt.de) 

2Biodiversity and Climate Research Center, 
Senckenberganlage 25, 60325 Frankfurt, Germany 

 
It has been well reported that a subtle non-linearity can 

occur during gas source mass spectrometry that - if remaining 
unaddressed - limits accuracy of CO2 clumped isotope analysis 
[1]. This is expressed by a negative background on the m/z = 
47 Faraday cup, whose magnitude inversely correlates with the 
m/z = 44 signal [2, 3]. In order to correct for this effect, 
equilibrated gases with known bulk and clumped isotopic 
compositions are commonly measured along with the samples 
and the m/z = 44 signals of the reference and sample gas are 
closely adjusted to identical intensities. Time consuming 
measurements of heated gases can be reduced if the intensity 
of the m/z = 44 ion beam and the corresponding negative 
background on m/z = 47 can be monitored simultaneously, 
such that measured m/z = 47 beam intensities can be corrected 
for the contribution of secondary electrons [3]. We present 
another correction procedure that is based on simultaneous 
monitoring of m/z = 49 ion beam intensities and corresponding 
m/z = 47 “off-peak“ backgrounds, both for the reference and 
the sample gas, prior and after each acquisition. Our first 
results imply that background corrected data does not exhibit 
any significant non-linearity anymore and that precision occurs 
improved relative to uncorrected data. Our proposed 
background correction scheme can be applied if the slit widths 
of the m/z = 49 Faraday cup is bigger than that of the m/z = 47 
cup. 

 
[1] Huntington et al (2009), J. Mass Spectrom. 44, 1318-1329; 
[2] He et al (2012) Rapid Commun. Mass Spectrom. 26, 2837-
2853; [3] Bernasconi et al (2013), Rapid Commun. Mass 
Spectrom. 27, 603-612. 
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The dynamics of bubble formation in magmas during 
magma ascent (i.e., decompression) play a crucial role in 
influencing the volcanic eruption style [e.g., 1]. Explosive, 
hazardous volcanism is typically observed for more silicic 
magmas often related to arc settings with compositions ranging 
from andesite to rhyolite. However, the available experimental 
data for bubble formation upon continuous decompression are 
limited to rhyolitic and rhyodacitic melt compositions [e.g., 2]. 
Here, we studied the bubble formation in andesitic systems and 
reveal a significant influence of melt composition on bubble 
nucleation. 

We conducted isothermal (1030°C) decompression 
experiments in internally heated pressure vessels at ~QFM+1, 
using a hydrous, S±Cl-bearing andesitic melt as the starting 
material. The pressure P was released from 400 to 70 MPa at 
constant rates of 0.0005 to 0.1 MPa/s, simulating Vulcanian to 
Subplinian eruption styles [3]. The samples were either directly 
quenched after decompression or were annealed for up to 72 h 
at final P before quenching in order to simulate magma storage 
at shallow depth after decompression. The bubble number 
densities (BND) in our run products were determined by 
analyzing back scattered electron images. 

BND within the hydrous andesitic melt (aH2O slightly 
below 1) were found to be 1 to 2 log units higher than those 
observed by previous studies for H2O-saturated rhyolitic melts 
(aH2O = 1), [e.g., 2]. The significant compositional effect is 
not predicted by the model of Toramaru [4]. The most 
plausible explanation for the observed discrepancy is that the 
influence of volatiles other than H2O (e.g., S, Cl) and alkalis, 
but also the potential effect of aH2O, are not taken into account 
in the Toramaru [4] model. Moreover, our data show that BND 
decreases by ≥1 log units within 5 hours annealing after fast 
decompression (0.1 MPa/s) and remains almost constant with 
further annealing up to 72 h. Thus, an accurate interpretation of 
the vesiculation in natural samples (i.e., pumices, tephra) 
requires a good knowledge about possible magma storage 
times interrupting magma ascent.  

 
[1] Sparks et al 1994, Rev.Mineral.Geochem. 30, 413-445; [2] 
Gondé et al 2011, Am.Min. 96, 111-124; [3] Cashman, 2004, 
Geophys.Monogr.Ser. 150, 109-124; [4] Toramaru, 2006, 
JVGR 154, 303-316. 
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Intrusions of mafic magma into more silicic magma 
chambers in arc settings are often assumed to be the source of 
large amounts of sulfur (S) released to the atmosphere during 
volcanic eruptions [1]. Here, S may be transferred via mixing 
processes from the mafic to the silicic host magma. However, 
experimental data for magma mixing processes are limited, 
especially for geologically relevant P-T-X-fO2 conditions.  

We performed diffusion-couple experiments to simulate 
magma mixing and to investigate, e.g., the transfer of volatiles 
(incl. S) between an evolved host magma and a primitive re-
charge magma. We used samples of the 1846-47 effusive and 
the 1932 Plinian eruptions of Quizapu volcano, Chile, 
representing, respectively, i) the evolved dacitic host rock (~66 
wt% SiO2) and ii) the primitive, basaltic andesite (~54 wt% 
SiO2) re-charging the magma chamber. In a two-step 
experimental approach we 1st synthesized hydrous (0.5 - 3 wt% 
H2O), S-bearing (0 - 2000 ppm S) starting materials at 900 
(dacite) or 1030°C (andesite), 150 MPa and various fO2. 2nd, 
diffusion-couple experiments were conducted for 0.1 to 100 h 
at similar P-fO2 and intermediate T (950 - 1000°C). 

First experiments carried out at mixing T of 950°C, 150 
MPa and fO2 ~ FMQ+3 for 1 and 10 h using a hydrous andesite 
(initial melt: ~2.0 wt% H2O, ~700 ppm S, ~300 ppm Cl) and a 
hydrous dacite (~2.3 wt% H2O, ~100 ppm S, ~4700 ppm Cl) 
reveal a crystallization induced fluid saturation in the andesite. 
The S content within the andesitic melt decreases to ~300 ppm 
within 1 h and below 80 ppm after 10 h. Considering that the S 
content in the dacitic melt phase remains constant at ~100 ppm 
and that no S diffusion profiles across the dacite-andesite 
interface are detectable, it is proposed that the S of the 
andesitic melt strongly partitions into the fluid phase. Hence, 
in contrast to the scenario of a mafic magma contributing 
significantly to the SO2 measured at the surface upon eruption, 
S may be trapped within the mafic magma, where the fluid acts 
as a sink for S. However, a transfer of the S-rich fluid phase 
from the andesite to the dacite during eruption may be possible 
at reasonable timescales depending on, e.g., magma 
crystallinity, vesicularity, and viscosity. Here, the fluid is 
presumably being transported from the andesite to the dacite 
via permeable channels along the crystal-melt interface.  
 
[1] Kress V., 1997, Nature 389, 591-593  
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Absorption by black carbon (BC) is enhanced when BC is 
mixed with non-absorbing aerosol components, and the degree 
of absorption amplification depends on particles’ morphology 
and chemical composition. Because this particle-scale 
information is needed to predict BC’s direct forcing at the 
global-scale, BC is difficult to represent in climate models. 
This study combines results from particle-resolved simulations 
with global climate model data to quantify uncertainty in BC 
absorption from unknown particle characteristics. 

A relationship between bulk absorption amplification and 
relative humidity was determined using particle-resolved 
model simulations. Absorption was strongly sensitivity to the 
hygroscopicity of dry coatings, but only weakly sensitive to the 
coating refractive index, the distribution in coating thickness, 
or the assumed particle morphology.  
 

Figure 1: annual average absorption amplification at surface 
for dry coatings with different hygroscopic properties 
 

Combining these findings with the spatial and temporal 
distribution in relative humidity from a global model, we 
estimated the global distribution in absorption amplification, as 
shown in Figure 1. The mean absorption amplification ranges 
between 1.35-1.7, depending on the wavelength of light and 
the assumed hygroscopicity of the aerosol coatings. If 
evaluated under dry conditions, the absorption amplification 
ranged from 1.25-1.35. Our findings suggest a need for more 
ambient measurements of BC absorption at high relative 
humidity and that climate models must account for 
hygroscopic growth to accurately represent BC’s radiative 
effects. 
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The Garibaldi Volcanic Complex (GVC) is located in 

southwestern British Columbia, Canada. It comprises two 
volcanic fields: the Garibaldi Lake Volcanic Field (GLVF) in 
the north and the Mount Garibaldi Volcanic Field (MGVF) in 
the south. Petrographical and geochemical studies on volcanic 
rocks collected from the GVC have determined that this suite 
of samples exhibit adakitic characteristics; intermediate rocks 
range from andesite to dacite that are represented mainly by 
lava flows and domes, with minor pyroclastic material. The 
lavas from all the investigated volcanoes exhibit evidence of 
magma mixing, which include sieve textured crystals, 
dehydration reaction textures, differently sized phenocryst 
populations, xenocrysts and xenoliths. The geochemistry of the 
GVC magmas exhibit several adakitic indicators, including: 
high Sr/Y (> 40), Mg# (~ 51), Al2O3 (> 15 wt. %), low 
K2O/Na2O (~ 0.3), low Yb (< 1.9 ppm) and fractionated rare 
earth element (REE) compositions (La/Yb(N) ~ 10). The 
adakitic character of these rocks has not been identified in 
previous studies. Adakites were first described as the product 
of subducted slab melts within the garnet stability field [1]. 
The subdivision of low and high silica adakite (LSA / HSA) 
reflects differing source regions; HSA are viewed as primary 
slab melts with an assimilated mantle wedge peridotite 
component whereas LSA are mantle wedge partial melts that 
have been previously modified by slab-derived magmas [2]. 
Basalts in adakite suites are often enriched in high field 
strength elements (HFSE) and are classified as niobium 
enriched basalts [NEB; 3]. NEB are argued to originate from 
mantle wedge peridotite that has been previously 
metasomatized by slab partial melts, the same source as LSA. 
Mixing models and previously published 87Sr/86Sr isotopic data 
[4] illustrate that the GVC adakites are likely the result of 
partial melting of subducted ocean crust, followed by 
interaction with mantle peridotite. Similar mixing models for 
the GVC basalts suggest that they originate from slab melt 
altered peridotite and by extension, support the slab melt 
model for genesis of the GVC adakites. 

 
[1] Defant and Drummond (1990) Nature 367, 662-665. [2] 
Martin et al (2005) Lithos 79, 1-24. [3] Sajona et al (1996) J 
Pet 37, 693-726. [4] Green (1990) Geosci Can 17, 171-174.  
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River canyon morphology is thought to encode information 

about climatic and tectonic forcing of landscapes. For this 
reason, bedrock canyons are a frequent target for tectonic 
geomorphology research. However, looks can be deceiving. In 
this contribution, we describe two landscapes (the Western 
Slope of the Central Andes and the Oregon Coast Range) with 
bedrock canyons that defy simple climatic or tectonic 
interpretation. In the first example, we exploit a natural 
experiment near the eastern margin of the Atacama Desert that 
allows direct comparison of 46 wind-affected and wind-
protected canyon incision rates, and show that wind abrasion 
can amplify canyon head retreat rates by at least an order of 
magnitude above fluvial rates. Our results imply that wind can 
create bedrock canyons, which are traditionally thought only to 
form from flowing water. In the second example, we show that 
rates of incision at the mouth of tributary watersheds to the 
Smith River, OR, fluctuate over time, despite apparently 
constant tectonic forcing. This fluctuation is due to lateral 
migration of the Smith River into bedrock, which causes 
elongation or truncation of the lower reaches of tributaries, 
which in turn changes slopes and thus tributary incision rates. 
In addition, as meander bends along the main stem channel 
grow, they capture tributaries, causing sudden drainage 
network reorganization and impulsive base-level lowering. 
Thus a landscape with steady tectonic and climatic forcing may 
nevertheless experience significant unsteadiness because of the 
process of meandering itself. 
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The compositional characteristics that have made Y-98 the 

optimal choice for martian mantle-melting studies [1-3] also 
distinguish it as an ideal starting composition for 
crystallization experiments investigating the extrusive history 
of the magma. The whole rock is Mg-rich and in Fe-Mg 
equilibrium with olivine phenocryst cores, suggesting it is a 
liquid composition [4,5]. Here, we present a suite of dynamic 
cooling experiments on a synthetic bulk Y-98 composition, in 
which we attempt to replicate both textural and compositional 
features of the natural meteorite. 

Results indicate that at least two cooling stages are 
required to produce the porphyritic texture of the natural 
meteorite, consistent with previous works [5-7]. However, the 
presence of groundmass olivine dendrites at all experimental 
cooling rates precludes the extreme final cooling rate inferred 
in [6]. Additional textural constraints indicate that an early 
cooling rate <1 °C h-1 is required to produce the faceted, 
infilled olivine megacrysts in Y-98, and a final cooling rate of 
~100 °C h-1 is required to suppress plagioclase formation 
without inhibiting olivine dendrites or groundmass pyroxene 
crystallization.  

Quantitative crystal shape analyses [8] track the effects of 
variable cooling rate on pyroxene populations, and close 
compositional matches between experimental and natural 
phases confirm the plausibility of our experimental cooling 
paths. The best-match cooling scenario suggests crystallization 
occurred in a progression from magma source to lava flow 
field/front and is inconsistent with exceptional physical 
conditions (e.g. thin flow, rapid emplacement [5,6,9]). 
 
[1] Musselwhite et al (2006), MAPS 41, 1271-1290. [2] Rapp, 
Draper & Mercer (2013), MAPS 48, 1780-1799. [3] Usui et al. 
(2012), EPSL 357-358, 119-129. [4] Filiberto & Dasgupta 
(2011), EPSL 304, 527-537. [5] Usui, McSween & Floss 
(2008), GCA 72, 1711-1730. [6] Greshake, Fritz & Stoffler 
(2004), GCA 68, 2359-2377. [7] Lentz & McSween (2005), 
Ant. Met. Res. 18, 66-82. [8] Hammer (2009), MAPS 44, 141-
154. [9] McSween (2008), in The Martian Surface, 383-395.  
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Many natural processes and technical applications require 
our ability to provide a reliable prediction of crystal surface 
reactivity. This reactivity is not a material constant. Instead, 
the existence of intrinsic variability in surface reactivity has 
been concluded from a multitude of experimental investi-
gations [1]. Consequently, single rate constants and 
homogeneous surface area normalization are problematic 
constraints for the explanation and prediction of surface 
reactions. 

The concept of rate spectra has been recently introduced 
[2]. This concept includes and quantifies the individual 
contributions to the overall rate and, thus, analyzes 
heterogeneous surface reactivity. Rate spectra are used to 
evaluate rate distribution data that are based on direct surface 
analysis using data collected by, e.g., atomic force microscopy 
or vertical scanning interferometry. 

In this contribution we connect the rate spectra concept for 
the first time with results from kinetic Monte Carlo (KMC) 
simulations. We apply temporal sequences of KMC results of 
crystal dissolution. The heterogeneity of surface rates causes 
shape differences of rate spectra. Thus, the KMC technique can 
be used to produce synthetic rate spectra. We analyze the 
evolution over time of rate spectra systematically for the 
specific impact of crystal defects, e.g., the size and density of 
screw dislocations. This allows us to gain deeper insight into 
the mechanistic interpretation of rate spectra. 

The propagation of step waves and the coalescence of etch 
pits cause the geometric complexity and dynamic of a crystal 
surface. A critical result is the evolution of less vs. more 
reactive surface sections. Synhetic rate spectra show the 
temporal stability of such surface sections and their impact on 
the overall evolution of surface reactivity with important 
applications towards evolution of pore systems and permea-
bility as a function of surface reactivity. 

 
[1] Luttge, A., Arvidson, R.S., Fischer, C. (2013). A Stochastic 
Treatment of Crystal Dissolution Kinetics. Elements 9, 183-
188; [2] Fischer, C., Arvidson, R.S., Luttge, A. (2012). How 
predictable are dissolution rates of crystalline material? . 
Geochimica et Cosmochimica Acta 98, 177-185. 
 
 



 Goldschmidt2014 Abstracts  

 

700 

700 

Experimental constraints on the 
core’s Si and O contents from 

equations of state and metal–silicate 
partitioning 

R. A. FISCHER1,*, A. J. CAMPBELL1, D. C. RUBIE2,  
D. J. FROST2, N. MIYAJIMA2, K. POLLOK3  

AND D. HARRIES3 

1University of Chicago (*rfischer@uchicago.edu) 
2Bayerisches Geoinstitut, University of Bayreuth 
3Friedrich-Schiller-Universität Jena 
 

The Earth’s core is less dense than pure iron under the 
same conditions [1], implying the presence of one or more 
light element(s). Based on geochemical and cosmochemical 
constraints, this component likely consists of O, Si, and/or S 
[2]. Here we present results to constrain the Si and O contents 
of the Earth’s core by combining experiments with both 
physical and chemical measurements. 

The core’s composition can be constrained by comparing 
seismic models with densities of candidate core materials 
under core conditions. Laser-heated diamond anvil cells were 
used for generating high pressures and temperatures (P and T), 
with in situ X-ray diffraction used for phase identification and 
density measurements. We have studied the phase diagrams 
and equations of state of FeO, iron–silicon alloys containing 9 
and 16 wt% Si, and stoichiometric FeSi. This allows us to 
calculate plausible Fe–Ni–O and Fe–Ni–Si core compositions, 
or equivalently, to place bounds on the maximum oxygen and 
silicon contents of the Earth’s core. We find that the outer core 
could contain a maximum of 8.1 ± 1.1 wt% oxygen, or 11.3 ± 
0.6 wt% silicon [3–8]. 

We also ran metal–silicate reaction experiments up to 100 
GPa and 5500 K. Following pressure and temperature quench, 
the samples were sectioned using a focused ion beam and 
analyzed chemically using a transmission electron microscope. 
We have parameterized oxygen and silicon partitioning as 
functions of pressure and temperature. At the highest P-T 
conditions investigated, we detect an estimated 7.5 wt% O and 
9.3 wt% Si dissolved in the liquid metal, more than is allowed 
based on our equation of state measurements. These results 
constrain the range of P-T conditions necessary to produce a 
plausible core composition, and predict the light element 
composition of the core.  

 
[1] Birch (1952) J. Geophys. Res. [2] Allègre et al (1995) 
Earth Planet. Sci. Lett. [3] Fischer & Campbell (2010) Am. 
Mineral. [4] Fischer et al (2011) Earth Planet. Sci. Lett. [5] 
Fischer et al (2011) Geophys. Res. Lett. [6] Fischer et al (2012) 
Earth Planet. Sci. Lett. [7] Fischer et al (2013) Earth Planet. 
Sci. Lett. [8] Fischer et al (in revision). 



 Goldschmidt2014 Abstracts  

 

701 

701 

Archean ‘whiffs of oxygen’ tied to 
post-depositional processes 

WOODWARD W. FISCHER1*, SARAH SLOTZNICK1,  
JENA E. JOHNSON1, SAMUEL M. WEBB2,  

BIRGER RASMUSSEN3, TIMOTHY D. RAUB4  
AND JOSEPH L. KIRSCHVINK1 

1California Institute of Technology, Pasadena, CA 91125 USA; 
* wfischer@caltech.edu 

2Stanford/SSRL, Menlo Park, CA 94025 USA 
3Curtain University, Bentley WA 6102 Australia 
4University of St. Andrews, St. Andrews, Scotland UK 
 

The origin of Cyanobacteria remains controversial because 
of the absence of a robust Archean body and molecular fossil 
record. A separate, widely applied, approach to date the 
evolution of Cyanobacteria centers on proxies for their 
metabolic product: O2. A broad range of geological and 
geochemical observations support a minimum age for their 
origin to a time between 2.45 and 2.32 Ga, however a number 
of studies have argued for much earlier appearance of O2 and 
oxygenic photosynthesis, some based on subtle elemental and 
isotopic signatures in drill core ABDP-9 through the Late 
Archean Mt. McRae Formation. Here we use light and electron 
microscopy, electron microprobe and synchrotron XRF for 
elemental composition, synchrotron X-ray spectroscopy for 
redox state, and secondary ion mass spectrometry (SIMS) to 
make trace metal and S isotope ratio measurements and inform 
bulk rock isotope data measured from ABDP-9. Altgoether this 
combination of tools is essential to untangle the complex 
mineralization and recover accurate paleoenvironmental 
signals. We observe five key results that impact prior 
hypotheses developed from ABDP-9. 

1. Light and electron microscopy and X-ray imaging data 
show at least four generations of pyrite mineralization, some of 
which are tied to compressional deformation features.  

2. Metamorphic phosphate minerals intergrown with late 
sulfides and fibrous chlorite group minerals in metasomatic 
veins reveal U-Pb SHRIMP ages that capture five distinct 
events of alteration that postdate the deposition of the Mt. 
McRae Formation at 2.31, 2.21, 2.05, 2.10, and 1.66 Ga.  

3. Both SIMS and synchrotron imaging show that Mo is 
abundant in late pyrite phases and is strongly correlated with 
As (up to 4%), Cu, and Co—related to metasomatic fluids.  

4. SIMS sulfur isotope data show early pyrite phases are 
characterized by negative 33S mass anomalies. Vice versa is 
true for late pyrite phases which have very strong positive 33S 
anomalies. This explains observed stratigraphic trends. 

5. The ‘whiff interval’ is notably fissile and S redox maps 
show laminations of sulfate salts due to the impact of oxidizing 
fluids along these flowpaths. Fe redox imaging also reveals 
distinct oxidation fronts in underlying iron formation.  
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The Earth formed in a swarm of Moon to Mars-sized 

objects that collided together to build our planet. A large body 
of work has been dedicated to make the Earth out of single 
groups of chondrites, however, these models could not account 
for the isotopic and elemental characteristics of the Earth. A 
model based on CI chondrites cannot account for the Cr or O 
isotopes systematics of the Earth or Mars while CV chondrites 
have a similar refractory lithophile element contents but show 
large isotope differences with the Earth. Enstatite chondrites 
have similarities in various isotope systems but recent work 
show small but resolvable differences between Earth and this 
meteorite group [1,2]. In addition, Si isotopes argue against a 
large component of enstatite chondrites [3].  

In this study, we have considered that the Earth could be 
made of a mixture of planetary materials as sampled in the 
meteorite collections, notably including achondrites as possible 
building blocks. There are two basis for this approach: (i) the 
solids found in the terrestrial region must have formed by 
radial mixing of solids initially condensed at different 
distances from the Sun [4] (ii) astronomical models show that 
the asteroid belt collected materials from both the inner and 
outer solar system [5]. Our Monte-Carlo inversion yielded a 
new model where Earth and Mars almost entirely came from 
the same source material. This finding is in striking agreement 
with recent planetary formation models in which Earth and 
Mars formed in a common narrow zone of the protoplanetary 
disk [5]. In addition, our model matches all isotope 
compositions for both planets, reproduces volatile element 
budgets in Mars, and accounts for the enrichment in refractory 
elements of the Earth compared to chondrites. The difference 
in core size between Earth and Mars can be explained by 
different partitioning of O in the core of the two planets as 
argued in [6]. Based on the Rb-Sr system, the difference in 
volatile contents between Earth and its building blocks can be 
rationalized by a late volatile element loss during large 
impacts. 

 
[1] Burkhardt et al (2012) EPSL 312, 390-400. [2] Zhang et al 
(2012) Nature Geosci. 5, 251-255. [3] Fitoussi & Bourdon 
(2012) Science 335, 1477-1480. [4] Walsh et al (2011) Nature 
475, 206-209. [5] Ciesla (2008) MAPS 43, 639-655. [6] Rubie 
et al (2004) Nature 429, 58-61. 
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Previous experiments by DeAngelis et al. [1] reacted San 
Carlos olivine powders with acidic solutions (not pH-buffered) 
in a sealed flask. This flask contained a stir bar used to 
continuously mix the olivine and solution, and a probe to 
collect pH data. These experiments showed a non-linear 
increase in pH from 2 to 10, and subsequent geochemical 
modeling suggested that incongruent dissolution and 
protonation, along with the formation and consumption of 
reaction precipitates, was responsible for the non-linearity of 
this pH change. The modeled results could not be directly 
verified because the experimental design in that study only 
allowed for the measurement of cation concentration at the end 
of the experiment.  

Additional experiments have now been performed under 
similar environmental conditions, but with a different 
experimental design. San Carlos olivine (Fo90) powders (250, 
500 µm) and acidic solutions (HCl, H2SO4 at pH 2) were added 
to Teflon syringes and placed in a water bath at 30°C. Syringes 
were removed at discrete time intervals to measure solution pH 
and dissolved ion concentrations. Similar to the earlier study, 
initial results show an increase in pH, however, the magnitude 
of increase is less over the same time period (Fig. 1). These 
results indicate that subtle changes in experimental design may 
strongly affect the reactivity of olivine in acidic solutions.  

 
Figure 1. Comparison of pH vs. log time (min) from this study 
(solid) and DeAngelis et al. (dashed) for similar starting 
conditions (500 µm, F:R=1:1, starting pH=2). 
 
[1] DeAngelis, Labotka, Finkelstein and Cole. Olivine-Fluid 
Interaction as a Function of pH and Surface Area. In Prep. 
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Understanding the size distribution of dissolved iron (Fe) 

in the ocean is important because different Fe species are 
expected to have different reactivities and thus potentially 
different labilities to biological uptake and scavenging. The 
size partitioning of dissolved Fe (dFe<0.2 µm) into soluble 
(sFe<0.02 µm) and colloidal (0.02 µm < cFe < 0.2 µm) species 
was investigated at 28 stations along the U.S. GEOTRACES 
North Atlantic Transect (NAT). Upper ocean dFe size 
partitioning was highly variable with depth: 79±6% of aerosol-
derived surface dFe was maintained in the colloidal size 
fraction, while cFe disappeared completely at the deep 
chlorophyll maximum, a result of preferential cFe biological 
uptake and/or scavenging. In the subsurface ocean below, 
however, dFe was constantly partitioned ~50-50% into sFe and 
cFe phases, which we hypothesize results from a "steady state" 
of dFe exchange reactions during and immediately following 
remineralization. There were only two exceptions to this 
constant subsurface partitioning. First, cFe dominated (82-
96%) at and downstream of the Mid-Atlantic Ridge 
hydrothermal system, and also along Line W between Woods 
Hole and Bermuda the dFe partitioning favored ~60-80% cFe, 
with the excess cFe presumably resulting from inorganic cFe 
inputs along the margin. Thus, in the North Atlantic Ocean, we 
propose a new model of dFe size partitioning where a "steady 
state" of dFe exchange reactions during and following 
remineralization re-partitions subsurface dFe into constantly 
fractionated sFe-cFe pools, while in the upper ocean, 
downstream of the Mid-Atlantic Ridge, and along Line W, sFe 
and cFe cycle independently because either not enough time 
has passed to reach a new dFe exchange steady state or one of 
the dFe phases is non-labile to dFe exchange. 



 Goldschmidt2014 Abstracts  

 

705 

705 

Arctic climate sensitivity to black 
carbon: Location and timing matter 

M. G. FLANNER1 
1Department of Atmospheric, Oceanic, and Space Sciences, 

University of Michigan, Ann Arbor, MI 48109, USA 
(correspondance: flanner@umich.edu) 

 
Light absorbing aerosols like black carbon (BC) can warm 

climate through solar energy absorption, opposing the global 
net cooling effect of anthropogenic aerosols. The Arctic 
summer is uniquely vulnerable to radiative perturbations from 
BC because this environment is highly reflective and, during 
the solstice, exposed to more insolation than anywhere on 
Earth. Despite this vulnerability, the response of Arctic surface 
climate to BC cannot be easily inferred from top-of-
atmosphere radiative forcing.  

Here, results from idealized equilibrium climate 
simulations [1] are presented to characterize the response of 
the Arctic climate system to BC located: 1) at different 
altitudes in the Arctic atmosphere, 2) in Arctic surface snow 
and sea-ice, and 3) in the extra-Arctic atmosphere and snow. 
BC residing in the Arctic boundary layer and snow causes very 
strong warming normalized to radiative forcing or mass, 
resulting from powerful surface albedo feedback and removal 
of low clouds. Although BC at higher altitudes has a larger 
radiative efficiency due to its exposure to stronger insolation, it 
causes much weaker surface warming or even cooling. This 
phenomenon results from: 1) stable atmospheric conditions 
that prevail during the spring and early summer in the Arctic, 
which prevent efficient mixing between heated air aloft and the 
surface, 2) reduced surface insolation from BC absorption, 
which causes immediate surface cooling and further stabilizes 
the atmosphere, 3) enhanced cloud formation beneath the BC 
via the "semi-direct effect", and 4) reduced dynamical energy 
transport into the Arctic caused by a reduced latitudinal 
temperature gradient. BC forcing exerted at mid-latitudes, 
however, has the effect of increasing poleward energy 
transport and is thus relatively effective at warming the Arctic.  

These results indicate that the pathway of atmospheric 
transport to the Arctic and likelihood of BC deposition within 
the Arctic can both strongly govern the climate impact of any 
particular emission source. These results also suggest that 
models must simulate reasonable vertical profiles of BC and 
local deposition processes in order to accurately capture high-
latitude climate response to BC. 

 
[1] Flanner, M. G. (2013), Arctic climate sensitivity to local 
black carbon, J. Geophys. Res. Atmos., 118, 1840-1851, 
doi:10.1002/jgrd.50176. 
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It has been suggested that Ag is scavenged by organic-rich 

particles as they settle through the water column and therefore 
its concentration in marine sediments maybe linked to 
productivity [1]. In the present study, we examine Ag 
concentration and flux data for sediment trap samples from 3 
moorings deployed in the Western Arabian Sea during the US-
JGOFS Arabian Sea Process Study. Two of the moorings 
(MS2 and MS3) were located in the divergent zone 263 km 
and 349 km off the Omani coast, respectively. The third 
mooring (MS5) was located at an oligotrophic site 1286 km off 
the Omani coast. Silver flux data are compared to the fluxes of 
particulate Cd [this study] and biogenic materials [2]. The 
primary objectives are: i) to determine if Ag is scavenged by 
sinking particles, and ii) to ascertain whether or not the flux of 
particulate Ag is related to changes in productivity.  

Particulate Ag flux increases with increasing water depth at 
MS2 and MS3, but decreases slightly at MS5. This contrasts 
with the particulate Cd flux which decreases with depth at all 
sites. Silver flux positively correlates with the organic carbon 
(Corg) flux at all sites and all water depths, but the Ag/Corg 
ratio varies. At MS2 and MS3 this ratio increases with water 
depth, while at MS5 it remains relatively constant. The fluxes 
of Cd and Corg also positively correlate; however, the Cd/Corg 
ratio does not vary like that of Ag/Corg. The increase in the 
Ag/Corg ratio with depth at MS2 and MS3 is the result of Corg 
degradation, as well as Ag scavenging. In contrast, at MS5 no 
Ag scavenging is occurring, but the positive correlation 
between Corg and Ag remains. We hypthesize a small amount 
of Ag is associated with Corg; much like Cd is. During the 
Northeast monsoon, there is a clear relationship between 
higher Ag flux and higher fluxes of biogenic materials 
suggesting the flux of particulate Ag maybe related to 
productivity. 

 
[1] McKay, J.L. & Pedersen, T.F. (2008). Global Biogeochem. 
Cycles, 22, doi:10.1029/2007GB003136. [2] Honjo, S., 
Dymond, J., Prell, W., & Ittekkot, V. (1999). Deep-Sea Res. II, 
46, 1859-1902. 
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Wetlands are important habitats that serve many ecosystem 

functions in part because they exist on the biogeochemical 
transition between aerobic and anaerobic conditions. This 
transition creates a rich tapestry of biogeochemical 
transformations that can affect the fate of many contaminants. 
Mercury is a contaminant of great concern and its fate is 
intrinsically linked to wetland conditions. Optical 
characterization has proven useful in identifying dissolved 
organic matter (DOM) source and processing, provinding a 
tool for understanding biogeochemical cycling in wetlands. In 
this study, surface waters were collected from eight different 
managed wetlands from the Cosumnes River Preserve (CRP), 
California to characterize the DOM to infer biogeochemical 
conditions and processes affecting mercury methylation. Five 
of the wetlands were managed for rice (Oryza sativa) 
production whereas three of the wetlands were dominated with 
emergent or submergent wetland plants. All samples were 
analyzed for DOM concentration, optical characterization 
using fluorescence spectrometry, and methylmercury (MeHg) 
concentrations. The fluorescence signatures at the outlets of the 
fields were then compared to the inlets to characterize changes 
in the signature due to passage of water through the field. 
Results were compared to fluorescent signatures changes in 
plant leachates exposed to biodegradation and 
photodegradation in a laboratory experiment. Simple mixing 
models indicated unique signatures by wetland type. Rice 
fields were similar to each other within seasons but differed 
between seasons. Most importantly, the relationship between 
MeHg concentration and the fluorescence signature also 
differed between wetland types and appeared to be related to 
different mechanisms. Increases in MeHg were related to 
increases in fresh rice DOM in summer and more degraded 
rice DOM in the winter. In contrast, it appeared that the non-
agricultural wetlands lost both MeHg and fluorescent 
signatures primarily due to photodegradation. These findings 
highlight the differences in biogeochemical cycling in rice 
fields and non-agricultural wetlands and potential effects on 
mercury cycling. 
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Mercury (Hg) contamination is considered one of the 
greatest threats to the Sacramento-San Joaquin Delta (Delta). 
This threat is primarily driven by the transformation of Hg by 
native bacteria into the more toxic and biologically available 
form, methylmercury (MeHg), in the wetlands and sediment of 
the Delta. To effectively manage this threat, a quantitative 
understanding of the relative contribution of the different Hg 
sources to MeHg formation is needed. While current models 
indicate that 1-2% of the Hg entering the Delta arrives through 
atmospheric deposition (wet and dry), it is has been long held 
that this mercury source is likely very reactive once deposited. 
On the other hand, mass balance estimates indicate 90% of the 
Hg entering the Delta arrives adsorbed to suspended particles 
from tributary discharge, but this source is thought to be less 
reactive. We conducted an in situ mesocosm dosing 
experiment where different Hg sources to the Delta 
(atmospheric, dissolved riverine and suspended sediment) were 
“labeled” with different stable Hg isotopes and added to 
mesocosms deployed in wetland cells. We measured six time 
points from each mesocosm, one prior to the spike and five 
after the spike: 30 minutes, 1 day, 3 days, 7 days and 27 days. 
Preliminary results from this experiment suggest that aqueous 
Hg sources (Hg introduced with precipitation and filtered river 
water) are more (10-1,000x) available to methylating microbes 
than particle bound Hg. Consequently, although direct 
atmospheric Hg deposition may contribute a small portion of 
the total Hg loading to the Delta, it may contribute to a 
substantial portion of the MeHg production within the Delta. 
These findings suggest that efforts to control MeHg in the 
Delta should consider the relative contribution of the different 
Hg sources to MeHg production in addition to the current loads 
analysis approach. 



 Goldschmidt2014 Abstracts  

 

709 

709 

Nutrient enrichment alters soil 
geochemistry leading to marsh loss in 

coastal ecosystems 
J. W. FLEEGER1*, D. S. JOHNSON2 AND L. A. DEEGAN2 

1Department of Biological Sciences, Louisiana State 
University, Baton Rouge, LA 70803 
(*Correspondence:zoflee@lsu.edu) 

2The Ecosystems Center, Marine Biological Laboratory, 7 
MBL Street, Woods Hole, Massachusetts 02543 

 
Salt marshes are productive coastal wetlands that provide 

important ecosystem services such as storm protection, nutrient 
removal and carbon sequestration. Despite protective 
measures, however, worldwide losses of these ecosystems have 
accelerated in recent decades. Here we present data from a 
nine-year, whole-ecosystem nutrient-enrichment experiment. 
Our study demonstrates that nutrient enrichment can lead to 
saltmarsh loss. We show that nutrient levels commonly 
associated with coastal eutrophication increased above-ground 
biomass of marsh-edge Spartina alterniflora, decreased the 
dense, below-ground biomass of bank-stabilizing roots, and 
increased microbial decomposition of organic matter. Soil 
organic matter dercreased in quantity and size, and soil water 
content increased. These alterations in soil geochemistry 
reduced geomorphic stability resulting in creek-bank collapse 
with significant areas of creek-bank marsh converted to 
unvegetated mudflat. This pattern of marsh loss parallels 
observations for anthropogenically nutrient-enriched marshes 
worldwide, with creek-edge and bay-edge marsh evolving into 
mudflats and wider creeks. Our work suggests that current 
nutrient loading rates to many coastal ecosystems have 
overwhelmed the capacity of marshes to remove nitrogen 
without deleterious effects.  

Projected increases in nitrogen flux to the coast, related to 
increased fertilizer use, may rapidly result in a coastal 
landscape with less marsh, which would reduce the capacity of 
coastal regions to provide important ecological and economic 
services. 
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The location and orientation of the carbonate ion in the c-

axis channel (type A) and phosphate (type B) positions of 
carbonate hydroxylapatite (CHAP) have been determined and 
correlated with infrared spectra (Fig. 1), using crystals 
synthesized at high pressure and temperature from carbonate-
rich melts [1]. Carbonate out-of-plane bend (ν2) infrared band 
areas are in good agreement with site occupancies from X-ray 
structures, but the areas of the corresponding asymmetric 
stretch (ν3) bands of sodium-bearing CHAP greatly over-
estimate the contribution of type B carbonate, owing to band 
overlap. In complex sodium-bearing AB carbonate apatites, A 
and B carbonate ions and Na cations form a discrete A-B-Na 
defect cluster, which is associated with a downward shift of 
about 50 cm-1 in the type A doublet band. This spectral 
interference accounts for the reported dominance of B 
carbonate in bone mineral and dental enamel [2]. 

 

 
Figure 1: Na-AB CHAP; (a) channel carbonate ion; (b) 
composite ν2 spectrum fitted with Gaussian components for 
channel (A), phosphate (B) and labile (L) carbonate. 
 

The infrared spectra show that the hydrogencarbonate 
(bicarbonate) ion in Na-AB CHAP crystals is a channel 
species, as are its room-temperature decomposition products, 
type A carbonate and labile (L) carbonate, pointing to a 
possible role for the apatite channel in mediating acid-base 
reactions in the body. 

Synthetic carbonate fluorapatite (CFAP) crystals show 
progressive conversion to the type B structure of francolite, the 
ore mineral of phosphorite. A weak feature in residual electron 
density maps is assigned to an interstitial fluoride anion, 
offering an explanation for the troublesome excess fluorine 
content of francolite: F-C interatomic distances are not 
consistent with a bonded fluor-carbon complex. 

 
[1] Fleet & Liu (2009) Biomaterials 30, 1473-1481. [2] Rey et 
al (2009) Osteoporos Int. 20, 1013-1021. 
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Aluminum content in pyroxene is known to increase with 
pressure, temperature, and cooling rate. Structural order-
disorder will also vary. This has been examined in synthetic 
Ca-Tschermak pyroxene, CaAlAlSiO6, with changes in 
pressure (P), temperature (T), and reaction time (t). Samples 
were synthesized using a 4-post piston cylinder at U. of 
Alberta. Synthesis conditions ranged from 1300 - 1600 ºC, 2.0 
- 3.0 GPa, 4 - 164 h. Al environments in this aluminous 
clinopyroxene were examined by 27Al 3Q MAS NMR at 21.1 
Tesla on the Bruker Avance II 900 at the Ultrahigh-Field NMR 
Facility for Solids in Ottawa. For all samples, the octahedral 
region remains relatively unchanged. The tetrahedral region, 
however, changes a s a function of P-T-t. At 2.0 GPa, 1400 ºC, 
24 h, two tetrahedral Al sites are resolved: A highly disordered 
but regular environment and an ordered but highly-distorted 
environment. The disordered environment appears to represent 
disequilibrium, as it disappears at longer reaction times (2.0 
GPa, 1400 ºC, 164 h) and higher P-T (e.g. 2.5 GPa, 1500 ºC, 8 
h). This has implications for thermobarometry. The highly-
distorted environment has not been observed previously, in 
27Al NMR spectra acquired at lower field strength (≤ 14.4 
Tesla).  
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Central Jordan offers a unique opportunity to follow the 

evolution of the composition of carbonate-fluorapatite (CFA) 
through a succession of processes leading to the ultimately 
formation of surficial uranyl vanadates mineralisation. The 
CFA were initially formed in marine sediments and 
phosphorite of the Belqa Group deposited during the great Late 
Cretaceous-Early Tertiary phosphogenic event which extends 
from Columbia to the Middle East forming the Tethyan 
phosphate belt [1]. Sediments of the Belqa Group were 
enriched in phosphate together with a large range of redox 
sensitive elements such as uranium [2]. U is essentially 
substituted to calcium in the apatite lattice. The initial 
sedimentary-diagenetic U-rich-CFA suffered local 
pyrometamorphism (high temperature-low pressure event by 
organic matter combustion) allowing the liberation of U from 
apatite structure to form micrometric uranium oxides and low-
U CFA in marbles as shown by Laser Ablation ICP-MS 
analysis (Fig. 1). Then, the weathering of the uraniferous CFA, 
by meteoric and evaporitic waters, led to the new formation of 
fluorite, low-U Na-sulfato-phosphate, and the crystallisation of 
uranyl vanadates such as tyuyamunite and strelkinite. 

 
Figure 1. a) U oxide in marble CFA. b) LA-ICP-MS spectra of 
marble CFA. 

 
[1] Pufahl et al 2003. Sedimentary Geology 161, 175-205. [2] 
Fleurance et al 2013. Palaeogeography, Palaeoclimatology, 
Palaeoecology 369, 201-219.  
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Introduction 

Modelling of the behaviour of metal pollutants such as 
lanthanides (Ln) requires knowledge on Ln sorption species 
forming at soil mineral surfaces. Of interest is the sorption of 
humic substances (HSs), which is known to enhance surface 
reactivity and sorptive capacity of minerals towards Ln, at low 
soil pH. HSs are expected to fractionate during sorption, as 
they are complex mixtures of organic compounds with specific 
chemical nature, structure and reactivity. To address the effect 
of HS sorptive fractionation on Ln sorption, we investigated 
the (co)sorption of EuIII and a reference fulvic acid (Pahokee 
Peak Fulvic Acid, PPFA) onto alumina colloids, with the aim 
of gaining molecular-scale insights on chemical identity of 
sorbed PPFA compounds by using ESI-FTMS analysis of 
solutions before and after sorption.  
Results and conclusion 

Batch (co)sorption experiments of PPFA (25mg.L-1) and 
EuIII (10µM) in 2.5g.L-1 α-Al2O3 colloid suspensions at pH 5 
showed that sorption of PPFA induced (i) surface charge 
reversal of the colloids and (ii) almost quantitative sorption of 
Eu, suggesting strong Eu-PPFA-alumina surface interactions. 
ESI(-)-MS analysis of native PPFA solution confirmed the 
complex nature of PPFA. Thanks to high resolving power and 
mass accuracy of mass spectrometer, ca. 7000 compounds 
were detected. An elemental formula was assigned to 5040 
compounds, which belonged to the families of tannins/lignins 
or polycyclic aromatic compounds (PACs). Examination of 
MS spectra of supernatants evidenced a strong sorptive 
fractionation of PPFA. 37% of the compounds detected in the 
native PPFA solution were quantitatively sorbed, the others 
being partitioned between solution and alumina surface to very 
varying degrees. A main result is that the quantatively sorbed 
molecules were mostly tanins/lignins with high O/C ratios (> 
0.5) and some highly unsaturated PACs, while more aliphatic 
compounds showed very weak affinity for the surface. Thus, 
the PPFA compounds showing the highest affinity for the 
alumina surface were tanins/lignins exhibiting multiple oxygen 
functionalities. It is suggested that these highly reactive 
compounds are those involved in the sorption of Eu at the 
alumina surface at acidic pH. 
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Sulfide-oxidizing Thiomargarita-like bacteria have been 
discovered in numerous locations on the ocean floor, including 
in oxygen minimum zone settings and at methane seeps. We 
used a genomic approach to investigate the physiology and 
ecology of Thiomargarita nelsonii that were growing on the 
shells of living gastropods from the Hydrate Ridge methane 
seep off of the coast of Oregon. The snail-attached cells appear 
to undergo an apparent dimorphism (elongate vs. budding) in 
their life cycle, elongating to almost a millimeter in length, and 
budding off spherical daughter cells. MDA amplification 
followed by Illumina sequencing of the daughter cells 
produced a metagenomic product that included both T. nelsonii 
and attached bacteria (epibionts). Metagenome reads were 
initially assembled and binned based on the tetranucleotide 
frequency of the resultant contigs. Then, the Thiomargarita-
specific bins were further re-assembled using stricter assembly 
parameters and algorithms, and annotated via the Integrated 
Microbial Genomes pipeline. 

The resulting draft genome shows evidence that 
Thiomargarita nelsonii has denitrification and ammonification 
pathways suspected to occur but not previously identified in 
genomes of large, vacuolated, sulfur-oxidizing bacteria. From 
the genome we were also able to construct a full sulfur 
oxidation pathway, and reveal enzymes present in the dataset 
thought to be responsible for the creation of the intracellular 
sulfur globules seen in T. nelsonii. The genes necessary for 
polyphosphate creation and hydrolysis were also observed. 
Polyphosphate metabolism is thought to play a role in the 
formation of phosphatic minerals that serve as important 
reservoirs in the marine phosphorous cycle. In addition to 
genes associated with carbon fixation, the T. nelsonii genome 
contains genes associated with an organoheterotrophic 
metabolism. As with genomes of the related sulfide-oxidizing 
Beggiatoa, the draft genome of T. nelsonii also contained 
substantial evidence for horizontal gene transfer with 
cyanobacteria. 
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Presolar silicates are among the most abundant type of 

stardust and have been identified in primitive meteorites, 
micrometeorites, interplanetery dust particles and samples 
returned from comet Wild 2 [e.g., 1]. Presolar grain studies 
provide information about grain formation in stellar 
environements, as well as nucleosynthesis and stellar and 
galactic evolution. However, these grains can also be used as 
tracers of pre-accretionary alteration and/or parent body 
processing. This is particularly true for presolar silicates, 
which are more susceptible to secondary processing than other, 
more refractory, presolar grains [e.g., 2]. 

Abundances of presolar silicate provide information on the 
alteration experienced by the parent meteorites and their 
subcomponents. For example, fine-grained rims around 
chondrules in CO3.0 chondrites have similar presolar SiC 
abundances as interstitial matrix areas in the same meteorite, 
but have lower presolar silicate abundances [3]. This difference 
is likely due to destruction or re-equilibration of the oxygen 
isotopic compositions of some presolar silicates in the rims due 
to heating, either as the result of dust accretion onto relatively 
hot chondrules [4] or due to low intensity impacts on the 
meteorite parent body [5]. 

Elemental compositions also provide constraints. Most 
presolar silicates have ferromagnesian compositions, with high 
Fe contents. While some grains show evidence for Fe influx 
during parent body metamorphism [2], most Fe appears to 
have condensed into the grains during their formation [6]. Fe 
isotopic compositions, thus, provide constraints on stellar 
nucleosynthesis. Measurements on presolar silicates [7] shows 
that, while most grains have 54Fe/56Fe and 57Fe/56Fe ratios 
consistent with AGB model predictions, a few grains show 
depletions in 57Fe that are not predicted by current AGB 
models. Similar deficits seen in some mainstream SiC grains 
[8] are also not well understood. 

 
[1] Zinner (2013) In Treatise on Geochemistry, Vol 1.4, 181. 
[2] Floss & Stadermann (2012) MAPS 47, 992. [3] Hanecour et 
al. (2014) LPS XLV, #1316. [4] Metzler et al. (1992) GCA 56, 
2873. [5] Bland et al (2012) LPS XLIII, #2005. [6] Bose et al. 
(2011) MAPS 46, A26. [7] Ong et al (2013) LPS XLIV, #1163. 
[8] Marhas et al (2008) ApJ 689, 622. 
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Despite the findings of previous studies, the influence of 

physicochemical properties of magmas on the construction and 
dynamic of volcanic domes is not fully understood. 
Particularly the volatile behaviour is a parameter of the first 
order that controls the eruptive dynamics. Water is the most 
important volatile and causes a drastic influence on the 
viscosity.  

In the north part of Long Valley caldera (California), a 
perfectly preserved dome was established in 1350 AD [1]: the 
Panum Crater. It is composed of typical rhyolitic lavas. The 
least lava emissions contain a great contrast of different 
pumices and obsidians. Panum Crater structure and 
morphology represent a particular interest and a simple object 
of study to understand the relationship between the gas phase 
and its implementation through the eruption dynamic.  

The goal is to measure water diffusion in the border around 
bubbles to understand the formation of the gas phase. We used 
Raman spectroscopy (T64000, Jobin Yvon, Horiba®), which 
allow measuring a profile in the first 30 microns around the 
bubbles by using Raman calibration developed by Le Losq [2].  

These results show that dome forming events can be 
affected by two different processes: an early bubble growth 
event at depths that promote magma rising and a late evolution 
that promotes final degassing. Such process can maybe affect 
all dome forming events and must trigger also destabilization 
of the dome because of high pressure/velocity vertical 
gradients, when deep bubble growth events and late evolution 
are respectively activated and inhibited.  
 
[1] Wood, S., 1977, Geols. Soc. Am. Bull. 88, 89-95. [2] Le 
Losq C. et al 2012, Amer Min., 97, 779-791. 
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Uranyl peroxide nanoclusters represent a newly-discovered 

class of uranium compounds whose presence in aqueous 
solution could control the mobility and partitioning of uranium 
in the environment, however the stabilities and dissolution 
behaviors of these nanoclusters in aqueous solutions have not 
been determined. In this study, we measure the dissolution and 
stability of two uranyl peroxide nanoclusters: U60 
(K16Li44[UO2(O2)OH]60), a uranyl peroxide nanocluster with a 
diameter of 2.4 nm and a mass of 19,640 Da, and U24P 
(Na30[(UO2)24(O2)24(H2P2O7)6(H2P2O7)6]), a uranyl peroxide 
pyrophosphate nanocluster with a diameter of 2.0 nm and a 
size of 10,566 Da. In each system, batch dissolution 
experiments were conducted as a function of equilibration 
time, nanocluster concentration and pH. Separation of the 
nanoclusters in each experiment from other aqueous species 
was accomplished using molecular weight filtration. Aqueous 
U, P, K, Li, and/or Na concentrations were measured by ICP-
OES. 

In the U60 dissolution experiments a steady-state was 
reached within 24 hrs. Electrospray ionization mass 
spectrometry has been used to show that U60 nanoclusters 
remain intact in solution for at least a year. The steady-state 
concentrations of aqueous U, K, and Li in the U60 experiments 
increased with increasing nanocluster concentration, and do 
not change significantly as a function of pH over the pH range 
7.5 to 8.5. The solubility of bulk solid phases does not depend 
on the concentration of that phase in suspension; hence, the 
observed U60 dissolution behavior suggests that U60 behaves 
like an aqueous complex rather than a bulk solid phase, and the 
aqueous species concentrations are not buffered by the 
presence of the nanoclusters in solution.  

In the U24P experiments in contrast to the U60 
experiments, aqueous U and P concentrations increased 
continuously over the duration of the experiment, and never 
achieved steady state values. The U24P was found to remain 
intact in solution for 23 days, but significant degradation 
occurred after this time, and the electrospray ionization mass 
spectrometry signature of U24P was no longer observed after 
44 days. U24P dissolution led to aqueous U and P 
concentrations that increased over 44 days of sampling, with 
the aqueous U amounting to the dissolution of approximately 
8% of the initial nanocluster while for U60 aqueous U 
concentrations never exceed 3% of the initial nanocluster. 
Even though the U24P experiments never achieved steady state 
aqueous concentrations, at each sampling time the 
concentration of aqueous U was increased with increasing 
nanocluster concentration. This work documents significantly 
different behaviors of two nanocluster of the same class of 
uranium compounds and illustrates the dramatic differences in 
the potential fate of each type of nanocluster in the 
environment. 
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We observe a significant, long-term impact in the structure 
of microbial communities in sediment microcosms from a 
uranium-contaminated aquifer that were biostimulated with 
ethanol, despite the amendment’s rapid depletion. Sediment 
and groundwater samples were collected from the IFRC site 
adjacent to the former S-3 ponds at Oak Ridge National 
Laboratory. These sediments contained 713 mg kg–1 uranium, 
initially present entirely as U(VI). Ethanol (3 mM) and sulfate 
(3 or 9 mM) were added to the overlying water and allowed to 
diffuse into the sediment. U(VI) was rapidly reduced to U(IV) 
over a period of 40 days in the top layer of sediment in 
biostimulated mircocosms, concomitant with the complete 
consumption of added ethanol. In unamended controls, the 
distribution of U(VI) remained unchanged over this same time 
period. Following the rapid depletion of ethanol in the 
amended systems, both amended and unamended microcosms 
entered a second phase of gradual sulfate depletion coupled to 
U(VI) and Fe(III) reduction. Samples of the microbial 
community for analysis via 16S rRNA amplicon 
pyrosequencing were nearly four years after biostimulation. 
These results show the addition of ethanol led Geobacter 
sequences to predominate at the sediment-water interface, 
where they comprised 54-57% of all sequences compared to 
only 1-2% in unamended samples. Conversely, sequences 
related to known sulfate reducers (e.g Desulfovibrionaceae and 
Desulfobulbaceae) are much more abundant in this sediment 
layer in unamended samples (27-29%) than in biostimulated 
ones (4-7%). We observed little difference, however, in the 
community composition of sediment in the interior of the 
microcosms. Our results show that the strong impact 
biostimulation with ethanol has on microbial communities can 
persist long after the amendment itself has been depleted, and 
that this perturbation can shape microbial community 
dynamics for years afterwards. 
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Results from new Fe isotope data from 42 S-, I- and A-

type (ferroan) granites provide significant insights into the 
processes of granite formation. These data indicate that 
magmatic processes result in complex Fe-isotopic 
differentiation trends that can lead some granites to evolve to 
isotopically heavy iron with δ57Fe > 0.35‰. These variations 
are similar to those previously reported (Poitrasson and 
Freydier, 2005; Heimann et al., 2008; Telus et al., 2012). 
Contrary to some interpretations (Beard and Johnson, 2006; 
Heimann et al., 2008), heavy values are not necessarily the 
product of late-stage hydrothermal fluid loss, though this 
process can be important.  

A-type (ferroan) granites reach very heavy δ57Fe values 
(0.4-0.5‰) whereas I-types are systematically lighter (δ57Fe = 
~0.2‰). S-type granites show a range of intermediate values, 
but also tend to be heavy (δ57Fe ≈ 0.2-0.4‰). Our results show 
that the iron isotopic values and trends are signatures that 
reflect granite generation processes, in particular whether or 
not the system is oxygen-buffered (ie ‘Open’ or ‘Closed’). 
Ferroan A-type granite results from protracted, closed magma 
chamber fractionation. I-type systems originate with oxygen-
buffered, open-system AFC processes in the lower crust. S-
type magmas originate under buffered reduced conditions 
initially imposed at their crustal sources. Individual plutons 
from each class of granite may have a final “closed-system” 
evolution stage adding or amplifying a final trend towards 
δ57Fe enrichment. 
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Introduction 

The Akiri copper deposit is the first independent large 
scale copper bearing vein deposit discovered in Nigeria.  

Table1.Table of trace element concentration in ppm for 
Akiri  
ore samples 

NAME Ba Cu Pb Fe2O3 Zn 

Gossan 
ore 

1900 20 <5 65.9	   8 

Iron 

Gossan 
104 108 12 82	   11 

Ore rock 8.5 >10000 6 43.7	   58 

Ore rock 4.4 >10000 5 47.8	   46 

Ore rock 23.4 >10000 <5 38.6	   58 

Mineralize 
sandstone 

106 1945 9 54.7	   5 

 
Discussion and results 

Chemistry of the ores showed dominantly copper and iron 
with barium in places and the ores contain insignificant Pb and 
Zn as indicating of no associated galena and sphalerite very 
much unlike the situation in the other parts of the Benue 
Trough (Akande, et al., 1989 and Olade & Morton (1985). The 
REE pattern, fluid inclusion microthermometry and oxygen 
isotope suggest differential temperature, fluids and formational 
trends for the Akiri ores compared to the host sediments and 
other mineralization in the Benue trough. 

The Akiri copper iron sulphide deposits are only 
comparable to the lead-zinc mineralization of the Benue trough 
in their mode of occurrence but differ in their mineralogy and 
fluid characteristics. 

 
[1] Akande, et al (1989) Mineraliun Deposita 24, 183-191. [2] 
Olade & Morton (1985) Mineralium Deposita 20, 76-80.  
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Naturally occuring iron and aluminum oxyhydroxide 

nanoparticles with Keggin-type structural features are 
considered some of the most effective materials for adsorption 
of toxic heavy metals, radionuclides, and oxyanions. While the 
adsorptive cpabilities of these particles have been established, 
identification of the specific reactivity factors and a 
mechanistic understanding of the adsorption process is lacking. 
To gain insights into these processes, polyaluminum Keggin-
type species with diameters between 1-2 nm can be utilized as 
geochemical model compound and probed using both 
experimental and theoretical methods. In the current study, the 
well known Al30 molecule has been chosen as a model 
compound to investigate the adsorption of heavy metal (Cu2+, 
Zn2+) cations and phosphate anions. Al30 nanoparticles with 
adsorbed contaminants were crystallized and their structural 
characteristics were determined using single crystal X-ray 
diffraction. Density Functional Theory (DFT) was utilized to 
determine the relative stability of the experimentally 
determined molecules and provide a more detailed 
understanding of the reaction mechanisms. For the heavy metal 
cations, the DFT energics associated with step-wise reaction 
schemes indicated that the counter-ion present in solution plays 
an important role in the adsorption process. For the phosphate 
anion, the adsorption process is exothermic, but the reaction 
mechanism is quite different. In addition the energetics of the 
anion adsorption can be tuned by introducing of organic 
functional groups, suggesting the presence of organic matter 
can also impact contaminant uptake on nanoparticle surfaces. 
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Introduction 

Fluorine has been detected for the first time on Mars with 
the ChemCam Laser Induced Breakdown Spectroscopy (LIBS) 
instrument on board MSL-Curiosity [1]. This detection has 
been made possible through the identification of CaF 
molecular emissions that appear when recombination occurs in 
the cooling plasma [2]. These emission lines enable a much 
more sensitive detection of fluorine and halogens in general 
with respect to the usual atomic emissions. 
Observations and Discussion 

More than 20 ChemCam observations exhibiting the 
characteristic CaF molecular emission have been identified so 
far. These observations can be divided into two different sets. 
The first set is characterized by high Ca content. In some 
observations phosphorous can be also identified making fluor-
apatite a straightforward candidate, but generally the F content 
is too high for apatite only and fluorite is also advocated. The 
second set, which is Al rich, is constituted by the 
conglomerates found early in the mission [3]. In this case the 
possible F-bearing phase could be topoaz or muscovite, since 
these targets are relatively enriched in K, Ba and Rb [4]. 
However fluorite cannot be discounted as a possible phase 
while apatite can because F/Ca ratios are too high. In all these 
observations no chlorine was found. Martian meteorites show 
evidence for high F concentrations in magmatic and secondary 
minerals. In detail [5,6] show that fluor-apatites are magmatic 
while chlor-apatites are metasomatic, suggesting a magmatic 
origin for our observation. The Al-rich fluorine bearing 
mineralogy encountered may possibly result from the alteration 
of granitic/rhyolitic melts [7]. Comparison with terrestrial 
systems shows that fluorite can also account for the elevated F- 
content in alkali-rich evolved rocks [8]. 
 
[1] Forni (2014) LPSC, 45, 1328 [2] Gaft (2014) Spectr. Chem. 
Acta B (submiited) [3] Williams (2013) Science 340, 1068-
1071 [4] Ollila (2014) JGR, DOI: 10.1002/2013 JE004517 [5] 
McCubbin (2013) Meteoritics & Planet. Sci. 48, 819–853 [6] 
Patiño Douce (2011) Chemical Geology, 288, 14–31. [7] 
Dolejs (2007) J. Petrology, 48, 785-806. [8] Scaillet (2004) 
Contrib Mineral Petrol. 147, 319–329 



 Goldschmidt2014 Abstracts  

 

723 

723 

Guano as proxy for paleoclimate 
studies: Examples from Romania  

F. L. FORRAY1, B. P. ONAC 1,2,3, A. GIURGIU1,  
T. TĂMAŞ1,3, A. GEANTĂ1 AND O. A. DUMITRU1 

1Babes-Bolyai University, Cluj-Napoca, Romania 
(ferenc.forray@ubbcluj.ro) 

2School of Geosciences, University of South Florida, Tampa, 
USA 

3“Emil Racoviţă” Institute of Speleology, Cluj-Napoca, 
Romania 

 
Paleoenvironmental studies using guano-derived δ13C and 

δ2H isotopic data are currently the focus of an increasing 
attention within the scientific community [1-3]. This is 
primarily because combining them with other environmental 
proxy data recovered from guano deposits (i.e., δ18O, pollen, 
charcoal, magnetic susceptibility, C/N ratio, and trace 
elements) one can better characterize paleoclimate changes in 
regions with limited environmental archives [1-3].  

Here we present the guano δ13C isotopic data from four 
caves (Zidită [4], Huda lui Papara [5], Gaura cu Muscă [3, 4], 
and Măgurici [6]), all located in Romania. The radiocarbon 
ages of the investigated guano deposits indicate they 
accumulated over the last 9,500 years. However, none of these 
organic deposits span this entire time interval. The depositional 
gaps are important and may indicate some type of 
environmental changes. The isotope data are presented along 
with pollen analysis, δ18O and δ13C (from stalagmites), as well 
as major and trace element analysis on guano. The guano δ13C 
isotopic values (preliminary data) range between -24.07 and -
27.61 ‰ (Zidită Cave), -25.23 and -27.12 ‰ (Gaura cu Muscă 
Cave), and from -25.75 to -27.00 ‰ in Huda lui Papara Cave. 
Based on the available results we identified two major climatic 
shifts, namely the Medieval Warm Period and the Little Ice 
Age, respectively) and also documented short intervals 
characterized by either wet or dry conditions. The alternating 
dry/wet periods is further supported by the pollen assemblage 
(older-middle to younger Subatlantic Period) described from a 
nearby cave. All these guano-inferred information are valuable 
to further refine the very few existing Holocene paleoclimate 
studies in Romania. 
 
[1] Bird et al (2007) Earth Env. Sci. Trans. Royal Soc. 
Edinburgh 98, 59-69. [2] Wurster et al (2008) Geology 36, 
683-686. [3] Onac et al (2013) Env. Earth Sciences doi: 
10.1007/s12665-013-2789-x. [4] Giurgiu & Tămaş (2013) 
Studia UBB Geologia 58, 13-18. [5] Nagy & Postawa (2011) 
Anim. Conserv. 14, 74-86. [6] Geantă et al (2012) Rev. 
Palaeobot. Palynol. 174, 57-66. 
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Planets around other Sun-like stars were first discovered in 
1995, and the first data about atmospheres of these planets 
were obtained in 2002. Since that time, characterizing 
exoplanet atmospheres has become an important and growing 
area of planetary sciences and astronomy. Exoplanets have 
greatly expanding our modeling phase space and our 
imagination for the kinds of chemical and physical processes 
that might occur in planetary atmospheres. 

Most data for exoplanets are from relatively large planets 
(gas giants like Jupiter that are hundreds of Earth masses) that 
are hot. High temperatures, which yields brighter planets, are 
either due to extreme proximity to a parent star, on a short 
period orbit, or extreme youth, before the rapid planetary 
cooling phase. High temperatures lead to more molecules in 
the vapor phase, rarther than being condensed deep in the 
atmosphere in clouds, which in principle allows for robust 
constraints on a variety of atmospheric abundances from 
remote sensing observations. More recently astronomers have 
attempted to characterize the atmospheres of smaller planets 
from 5-20 Earth masses around smaller and cooler M-type 
stars, which are much more numerous than Sun-like stars. 

In this invited review I will show our ability to constrain 
the temperature structure of atmospheres, derive mixing ratios 
of important molecular absorbers, and constrain the location 
and variety of cloud-forming species. Data for these planets 
comes from the light emitted, transmitted, or reflected off of 
planetary atmospheres and each kind of observation provides 
different and complementary data. We are at the point now 
where deviations from equilibrium chemistry can be seen in 
some giant planets, particular those cool enough to potentially 
show CH4 and CO absorption features. Photochemistry will 
also play a role for strongly irradiated atmospheres on short-
period orbits. 

We are at an interesting point in the study of exoplanet 
atmospheres. Space telescopes built for general astronomical 
use, such at the Hubble and Spitzer Space Telescopes, are not 
ideally suited for spectroscopy of planets. However, large 
investments of telescope time can overcome these obstacles, 
and I will showcase some early results from a large Hubble 
campaign to observe a few favorable planetary targets, 
including a 500 K planet of only 6 Earth masses, GJ 1214b, 
and a 1500 K gas giant planet in a 1-day orbit, WASP-43b. 
With the launch of the James Webb Space Telescope in 2018, 
the field will move to a new era of more robust constraints on 
atmospheric chemistry. 
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Previous research into microbial dissimilatory iron 
reduction (DIR) in Yellowstone National Park (YNP) has 
focused on high temperature, low pH environments where 
soluble Fe(III) is utilized as an electron acceptor for 
respiration. Much less attention has been paid to DIR in lower 
temperature, circumneutral pH environments, where solid 
phase Fe(III) oxides are the dominant forms of ferric iron. This 
study explored the potential for microbial Fe(III) oxide 
reduction in warm (ca. 40-50°C), circumneutral pH Chocolate 
Pots hot springs (CP), YNP. Endogenous microbial 
communities reduced native CP Fe(III) oxides, as documented 
by most probable number (MPN) enumerations and 
enrichment culture studies. Enrichment cultures demonstrated 
sustained DIR tied to acetate and lactate or H2 oxidation. These 
cultures have also exhibited growth through reduction of 
synthetic amorphous Fe(III) oxides and oxidation of either 
acetate or lactate alone. The extent to which bacterial sulfate 
reduction contributed to DIR was explored by eliminating 
sulfate from the culture media and inhibiting sulfate reduction 
with molybdate. Results indicate that bacterial sulfate 
reduction does not contribute substantially to observed rates of 
DIR. Genomic DNA was extracted from the enrichment 
cultures for 16S rRNA gene pyrosequencing. The results 
showed that dominant bacterial sequences were closely related 
to the well known Fe(III) reducer Geobacter metallireducens. 
Additional taxa included relatives of Desulfohalobium and 
Thermodesulfovibrio, although their involvement in DIR is 
unknown. Future studies will include metagenomic and Fe 
isotopic analyses of enrichment cultures, in vitro DIR 
experiments, and materials obtained from vertical sediment 
cores collected along the flow path. These studies will provide 
a snapshot of the coupled geochemical-microbial reaction 
system through time and space, demonstrating how genomic 
and isotopic properties change with depth and distance along 
the flow path. Our analyses will offer the first detailed insight 
into how internal Fe redox cycling may control the Fe isotope 
composition of a Fe-rich, neutral pH geothermal environment. 
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The goal of this study is to determine correlative 
relationships between in vitro bioaccessibility or in vivo 
bioavailability data and measureable parameters in soils and 
mine waste from the Empire Mine State Historic Park. This 
site is typical of thousands of inoperative lode gold mines in 
CA where arsenic (As) is the primary contaminant of human 
health concern. We have used bulk and microbeam chemical, 
mineralogical, and x-ray absorption spectroscopic (XAS; As 
and Fe K-edge) datasets for the analysis described here. 
Significant (p < 0.05) negative correlations (Pearson) between 
the abundance of arsenopyrite and/or arsenian pyrite and in 
vitro/in vivo datasets were found for XRD, QEMSCAN, and 
bulk XAS datasets (both As and Fe). Significant positive 
correlations with in vivo/in vitro datasets were found for the 
relative abundance of As(V)-ferrihydrite (by bulk XAS), the 
absolute amount of As in ferrihydrite (electron microprobe), 
and the abundance of Fe (hydr)oxides (bulk XRD and Fe 
XAS). Significant positive correlations were also found for the 
relative abundance of As(V and III) associated with Al 
hydroxide, gibbsite, or kaolinite ( by bulk As XAS). The 
quantity of ferrihydrite (FH) and/or As concentration in FH are 
two lab-measureable sample parameters that correlate strongly 
with in vitro bioaccessibility and/or in vivo bioavailability data 
from Empire Mine samples. 
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California’s mid-19th century gold (Au) rush produced 
incredible wealth and left a rich historical legacy. The 
contamination of water, sediment, and biota by Arsenic (As) 
and mercury (Hg) is part of the environmental legacy 
associated with historic mining in California.  

Cinnabar (HgS) deposits were mined in the Coast Ranges. 
The Hg(0) produced on site was transported to the Sierra 
Nevada and used to extract Au by amalgamation. Hg(0) was 
lost from sluices and undercurrents at placer Au deposits 
mined by hydraulic and dredging methods and from stamp 
mills at low-sulfide Au-quartz deposits mined primarily by 
underground methods. Methylmercury, formed by microbial 
methylation of Hg(II), is a potent neurotoxin that biomagnifies 
up the food chain, creating health risks for consumers of high-
trophic level fish. 

Environmental As contamination in the Sierra Nevada is 
related primarily to mining of low-sulfide, Au-quartz vein 
deposits, which include arsenian pyrite and arsenopyrite. 
Oxidation of these phases produces inorganic As(III) and 
As(V), both known carcinogens. Pathways of human As 
exposure include ingestion through ground water and soil, and 
inhalation of As-rich particles from soils and mine wastes. 

Synchrotron-based spectroscopic techniques have been 
vital in the study of the aforementioned environmental 
impacts.They have enabled in situ, trace-level identification of 
the chemical forms of Hg and As in diverse solids (e.g., mine 
wastes, fish tissue, human fingernails). 

The environmental legacy of California’s gold rush 
presents challenges to economic and social development in 
certain areas. Similar legacies exist worldwide, especially in 
areas of historic and modern artisinal Au and Hg mining. 
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Under hyper-alkaline pHs and relatively high temperatures, 
a resumption of alteration — i.e. a sudden acceleration of the 
glass corrosion rate — can occur [1]. This phenomenon is 
almost always associated with zeolites precipitation. 

Understanding the cause of resumption of alteration is a 
crucial issue for predicting long-term behavior of glass. In 
laboratory, when resumption of alteration occurs, the 
incubation period preceding the phenomenon can take days to 
years depending on experimental conditions [2]. Seeding — 
inspired by industrial processes for zeolites synthesis — can be 
of great interest to accelerate and study resumption of 
alteration. Contrasting results of previous studies [3, 4] have 
highlighted the importance of the seeds nature.  

Identification and quantification of the alteration products 
formed during a resumption of alteration has been performed 
on a simple borosilicate glass at 90°C and pH ≈ 11. Synthesis 
of seeds having the same crystalline structure than the zeolites 
neoformed during glass alteration was undertaken. As shown 
below, seeding almost totaly by-passes the incubation period.  
 
 

 
 
 
 
 
 
 
 
Figure 1: Effect of seeds having the same crystalline structure 
as the neoformed zeolites on glass alteration rate. 

 
Results obtained using this method provides a powerful 

tool for understanding the role of zeolites on glass alteration 
and for geochemical modeling of resumption of alteration. 

 
[1] Gin & Mestre (2001) J. Nucl. Mater. 295, 83-96. [2] 
Buechele et al (2000) Ceram. Trans. 107, 251-259. [3] 
Wronkiewicz & Arbesman (1999) Mater. Res. Soc. Symp. 
Proc. 608, 745-750. [4] Fournier et al (2013) Proc. Earth 
Planet. Sci. 7, 264-267. 
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The presence of significant radiogenic isotopic differences 

in coexisting minerals from a number of major mafic layered 
intrusions has been a puzzling observation for many years. 
Either different minerals in cumulates crystallized from 
magmas of distinct compositions or late-stage magmatic 
processes disturbed primary signatures. Accurate and precise 
isotopic ratios of minerals require the analysis of sample-
matrix matching reference materials (RM). We have 
undertaken an analysis of radiogenic isotopic compositions 
(Pb-Nd-Hf-Sr) by MC-ICP-MS and TIMS from single rock 
digests for 13 mafic to ultramafic RM, including five basalts 
(BHVO-2, BIR-1, JB-3, BE-N, GSR-3), an anorthosite (AN-
G), a diabase (W-2), a dolerite (DNC-1), a peridotite (JP-1), a 
serpentinite (UB-N), a pyroxenite (NIM-P), a norite (NIM-N), 
and a dunite (NIM-D). Acid-leaching prior to dissolution is an 
important factor in the reproducibility of some RM. BHVO-2 
requires leaching to attain reproducible isotopic values, 
whereas BE-N is more reproducible without. AN-G has 
heterogeneous isotopic compositions and is an unsuitable RM 
for plagioclase-rich rocks. The other RM analyzed in this study 
have reproducible Nd and Sr isotopic ratios (<50 ppm) with Hf 
isotopes <100 ppm (except NIM-N). The precision for Pb is 
generally good for basalts (50-250 ppm), and it decreases for 
the plutonic rocks. A previous study of the troctolitic Kiglapait 
intrusion (ca. 1307 Ma) in the Nain Plutonic Suite, Labrador, 
Canada, showed isotopic variation in coexisting minerals 
throughout the entire body. New MC-ICP-MS and TIMS 
analyses are in progress to quantify and explain this isotopic 
heterogeneity. They confirm the existence of Pb isotopic 
differences between coexisting plagioclases (207Pb/204Pbi = 
14.67-14.94) and mafic minerals (207Pb/204Pbi = 15.17-15.24). 
The new results also indicate that some samples have 
consistent Pb isotopic composition between coexisting 
minerals. The mafic and ultramafic RM analyzed in this study 
provide an important new dataset for the isotopic investigation 
of mafic layered intrusions (e.g., Kiglapait, Stillwater, 
Bushveld).  
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High energy demands have necessitated the intensive use 
of coal in recent decades. The disposal/beneficial use of coal 
combustion products (CCPs) have the potential to release toxic 
metals, including Cd, into the environment. The physical state 
of Cd changes with high temperature processes and mass 
dependent isotopic fractionation can be caused by 
evaporation/condensation. These processes may allow Cd 
isotope analyses to be used as a tool to determine if materials 
found in the environment have anthropogenic origin. We 
analyzed Cd isotopes of CCPs [bottom ash (BA), economizer 
fly ash (EFA) and fly ash (FA), known anthropogenic 
materials] and parent feed (FC) and pulverized coal (PC) to 
test the hypothesis. To characterize the Cd isotope signatures 
in the reactive phase in CCPs and coals, the samples were 
leached with 5% HNO3. Low temperature ashed FC and PC 
samples show a narrow range of δ114Cd values from 0.4 to 
1.3‰ (relative to NIST 3108). In contrast, δ114Cd values of 
EFA and FA are significantly enriched in heavy Cd (1.1-5.1‰) 
and BA samples are enriched in light Cd (-2.7-0.1‰), an 
unexpected finding. Our preliminary explanation is that Cd 
isotope fractionation i.e. condensation of heavy Cd onto the 
fine FA begins in the boiler and continues as the FA moves 
downstream along with Cd vapor. Transport of FA and heavy 
Cd out of the boiler leaves relatively lighter Cd vapor to 
precipitate on BA. Fine FA could provide a larger surface area 
for condensation to occur. Ongoing work is focused on the 
determination of Cd isotope signatures in different speciation 
phases, including Cd released by different leaching solutions 
(DI water, acetic acid and hydroxyl ammonium chloride). 
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We present the development of a novel approach to 

characterize dissolved organic matter (DOM) in whole 
porewater samples from marine sediments using solution state 
nuclear magnetic resonance (NMR) techniques. DOM is a key 
intermediate in microbial remineralization of organic matter, 
but only a small percentage of this complex pool has been fully 
characterized. Structural analysis of DOM has historically 
required sample preconcentration typically by ultrafiltration or 
solid phase extraction, which at present do not allow isolation 
of the total DOM pool.  

Solution state NMR may offer a novel and powerful 
approach to the analysis of whole porewater DOM containing 
the entire seawater matrix. We have tailored and applied 
advanced water suppression methods [1] to whole DOM 
samples collected from estuarine and continental margin 
sediments. We aim to explore the utility of such NMR 
techniques to investigate the composition of DOM as a 
function of sediment depth. A secondary goal is to utilize 
homo- and heteronuclear multidimensional techniques for the 
structural elucidation of organic matter species. 

The key challenges met by this approach are the analysis of 
high salinity, conductive samples without excess line 
broadening and loss of resolution. Water suppression methods, 
which are effetive in non-saline aqueous media, must be 
adapted for high-salt samples. We present the results of these 
methodological developments and discuss our approach 
towards our goal of linking the chemical identity of DOM to 
organic matter remineralization.  
 
[1] Lam & Simpson (2008) Analyst 133, 263-269. 
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In this study, we investigated natural organic matter 
(NOM) associated with shallow alluvial aquifer sediments in a 
floodplain of the Colorado River in Rifle, Colorado, USA. 
Total organic carbon (TOC) contents in these subsurface 
sediments are typically around 0.1%, but can range from 
0.03% up to approximately 1.0%. Total organic carbon content 
is largely correlated with sediment texture, which is highly 
heterogenous in this aquifer, with the highest TOC contents 
associated with naturally-reducing zones. Even at the typical 
TOC values of 0.1%, the sediment-associated OC is many 
times higher than the dissolved OC pool. The goal of this study 
was to better understand the exchange between the dissolved 
and sediment-bound OC pools under various biogeochemical 
conditions. 

We have characterized the sediment-bound natural organic 
matter from several locations within the floodplain with 
differing physical and geochemical properties using a 
combination of in situ techniques, such as FTIR, and chemical 
extractions in order to determine the relative reactivity of the 
NOM and asssociations with mineral phases. Additionally, we 
have performed batch incubation experiments using both 
sterilized and un-sterilized sediments in order to characterize 
the release of NOM into the dissolved phase. Results from 
these experiments indicate that the reactive pool of NOM is 
limited to a small fraction of the total NOM, likely through 
chemical and physical protection mechanisms. During batch 
experiments, most of the OC is released to the dissolved phase 
during the first 24-hours, with very slow release thereafter. 
Further experiments will assess the effects of changing redox 
conditions on NOM release and transformation. Such 
fluctuating redox conditions may occur in a shallow aquifer 
such as this during the rise and fall of the water table 
associated with rainfall, snowmelt, and changing river stage, 
all of which may occur seasonally or with the onset of climate 
change.  
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The Borborema Province, is a collisional orogen built up 

during Gondwana amalgamation. It is located between the W 
Africa and Congo-São Francisco cratons at pre-Gondwana 
reconstitutions. Voluminous plutonism of metaluminous 
composition occur within the 10,000 sq Km Águas Belas-
Canindé batholith, SE margin of the province.Tanquinho suite 
is comprised of amphibole, ± pyroxene bearing diorites and 
granodiorites. Serra do Catú suite is comprised of amphibole 
bearing monzonites and syenites. They are high-K calc-
alkaline to ultrapotassic suites of shoshonitic to ultrapotassic 
affinity, that evolved by fractional crystallization. They show 
U-Pb ages (625 Ma and 630 Ma); Nd TDM from 1.0 to 1.4Ga 
and εNd(0.60Ma) +0.2 to -5; geologic charater of collision-
related plutons; trace elements signature typical of magma 
generated at active margin. However their 18O/16O in zircon 
signature, with values from 6.00 to 9.60 permil, strongly 
suggests an origin from reworking of Meso to Early 
Neoproterozoic protolith. These data points for an evolution of 
Borborema Province, during Gondwana amalgamation, with 
scarce or no involvement of juvenile crust. 
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Flue gas from coal fire plants is by enlarge dominated by 

CO2 but may contain low concentrations of SO2. The 
geological storage of CO2-SO2 as an impurity is likely to cause 
enhanced brine acidification through the formation of sulphuric 
acid. Potential secondary effects are more extensive mineral 
dissolution and precipitation. Batch reactor experiments were 
conducted and geochemically modelled to improve our 
understanding of SO2-rock-brine reactions under well-defined 
conditions so to enhance our ability to geochemically model 
CO2-SO2 storage. Sedimentary rock samples from the Western 
Canada Sedimentary Basin, Canada, and the Surat Basin, 
Australia, were reacted with synthetic brine in short-term 
reactor experiments of 30d duration. The brine was acidified 
with H2SO4, an aqueous proxy of SO2, and was sampled 
throughout the experiment. Temperature, starting pH and 
sample particle size were varied to investigate their impact on 
reaction rates. The experimental results show that an addition 
of H2SO4 induces reactions that are strongly dependent on the 
mineralogy. Reaction rates were increased at lower pH, higher 
temperature and/or smaller sample particle size. Mineral 
phases participating in the reactions were identified by 
integrating the experimental results into kinetically controlled 
reaction path models using Geochemist’s Workbench. The 
experimental data were modelled in two time intervals. Within 
the first 48h rapid changes were observed due to sample fines, 
which have a greater reactive surface area. The following 28d 
showed lower reaction extent and fit models with smaller 
reactive surface areas. In all cases the modelling provided a 
good fit to the experimental data. Carbonate minerals acted as 
significant buffers of pH, with decreasing reactivity observed 
from calcite to dolomite then siderite. By fitting the models to 
the experimental data calcite was identified as a dissolving 
mineral phase showing a change of up to 0.2 wt%. Further, the 
modelling results suggest that nearly an equal amount of 
gypsum precipitated. For the less reactive silicate phases the 
models indicate dissolution (e.g. 0.07 wt% chlorite) and in 
some cases precipitation (e.g. 2*10-4 wt% SiO2) taking place. 
The models will be extended to longer time frames to 
investigate long term effects to up to 100 years.  
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Color is a sensory perception which is triggered in humans 

by the electromagnetic radiation of visible spectrum (λ = 380-
780 nm). However, it is dependent on the light of the object, 
the bidirectional reflectance of the object and the color 
perception of the observer. The CIE colorimetric system is 
based on the primary colors R, G, B, the imaginary primaries 
X, Y, Z and the presence of a standard observer. In this system, 
the CIE chromaticity diagram is a unit plane within the three-
dimensional additive color space of X, Y, Z. Concerning the 
tristimulus values X, Y, Z, the value Y is denoted as the 
luminance factor which is identical with the luminous 
reflectance R. In order to specify the chromaticity in the 
diagram, the chromaticity coordinates x = X/(X+Y+Z), y = 
Y/(X+Y+Z), z = Z/(X+Y+Z) = 1-(x+y) are used. These 
colorimetric concepts were identified by using the method of 
VNIR spectroradiometry and the software Refcolor. Model 
substances were chosen by using organomineral complexes 
which belong to the system of Al hydroxide-polyphenol that 
were synthesized by adsorption in a gas-solid phase at 50 °C in 
the presence of atmospheric pressure for two different periods 
of 7 and 60 days in total darkness. Gibbsite, boehmite and 
pseudoboehmite, and four types of phenolic compound being 
pyrocatechol, resorcinol, pyrogallol and guaiacol were used. 
Following the short- and long-term experiments, it was 
established that the CIE coloring of the complexes resulted in 
distinct differences of the color terms: hue, saturation, 
brightness and lightness. These terms provided a basis for the 
phenomenological characterization of the complexation. The 
CIE Y was of particular relevance to this method. This value 
was observed at 100 % when using pure white Al hydroxides. 
The CIE Y decreased as the organic coatings increased with 
the result that the catalysis and the growth of nanoparticles 
could be characterized. It was clear that the CIE Y was 
influenced by the nature of nanoparticles in which the ligand 
type and stereochemical effects were of significant relevance. 

Acknowledgement: Thomas Jarmer, Institute of Remote 
Sensing and Geoinformatics, University of Osnabrück, 
Germany, is thanked for the calculation of the color values.  
 
[1] Franke M (2002) diploma thesis, University of Trier, 187 
pp. [2] Hapke B J (1981) Geophys. Res. 86, p. 3039-3054. [3] 
Penndorf R (1956) Geophys. Res. Pap. 44, 19 pp. 
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The main aims of the present long-term research are to 

reveal the regularities of complicate ion- substitutions in 
carbonated apatites, to study the nanocomposite structure of 
biological hard tissues and to develop suitable synthesis 
methods of analogues of biological apatites and apatite-protein 
nanocomposites. 
Experimental section  

Objects of the research are physiogenic and pathogenic 
apatite - albuminous composites formed in the human body, 
fossils and also synthetic apatites received by different 
methods. The study of biological and synthetic materials has 
been carried out by methods of powder and single-crystal X-
ray diffraction; NMR, EPR, IR and KR spectroscopy; SE and 
TE microscopy and by various chemical techniques. 
Discussion of Results 

The biological apatites are characterized by variable non-
stoichiometry composition that caused by ion-substitutions at 
all crystallographic sites. If Ca deficit is mainly related to the 
incorporation of СО3

2- ions of the B types, the direct 
correlation between CO3

2-content and number of vacancies at 
Ca-sites is distinguished. The Ca deficit mainly due to a deficit 
of (OH-, F-)- ions resulted in the incorporation of water into 
channels of the crystal structure. Apatite of teeth, renal, 
salivary stones and dental calculi is water containing 
nonstoichiometric carbonate OH-apatite with Ca2+ and OH– ion 
deficiencies. Owing to the variations in the unit cell parameters 
ion replacements in apatites of pathogenic origin are more 
intense in comparison with physiogenic dental enamel apatites. 
The albid tissue of Late Devon conodonts yields a diffraction 
pattern characteristic of a single crystal. This apatite – protein 
biological composite is nanostructured material (biological 
mesocrystal). The atomic structure of biological apatite from 
albid tissue is very close to that of stoichiometric apatite-
(CaF). The synthesized carbonated apatites of B type , for 
which the Ca deficit is mainly due to the incorporation of 
water, are close to the apatites-(CaOH) formed in the human 
body. Biomimetic apatite (CaF) - gelatin composites are 
analogous of substances of tooth tissue of some modern fishes.  

 
The work was supported by RFBR project13-05-90432 

Ukr_f _а. 
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The aim of this work was to research regularities of 
metasomatic transformation of calcium minerals (calcite, 
apatite) associated with the activity of microscopic fungi. 
Experimental section  

The biomimetic experiments on the effects of microfungi 
Aspergillus niger (active producer of organic acids) on calcite 
marble, fragment of mammoth tooth (hydroxyapatite-organic 
composite), a piece of single crystal abiogenic fluorapatite 
(Sludyanka deposit) and powder of synthetic precipitation 
hydroxyapatite have been carried out. The synthesis products 
were studied by X-Ray powder diffraction methods and 
scanning electron microscopy. 
Discussion of Results 

In all experiments crystals of calcium oxalates (monoclinic 
whewellite and / tetragonal weddellite) were obtained. On a 
marble surface crystallization of calcium oxalates starts from 
the formation of almost ideal dipyramidal and dipyramidal-
prismatic (with dominant {101} pyramidal faces) crystals of 
metastable weddellite under pH<5. The stable calcium oxalate 
monohydrate whewellite forms as multiple spherulite looking 
intergrowths of lamellar crystals on hyphae in the fungal 
mycelium on the surface of culture broth. Tetrahonal 
biomimetic crystals are very close by their morphology and 
size to the crystals which we found in the oxalic patina on the 
surface of marble and limestone monuments in Tauric 
Chersonesos.  

Metasomatic transformation of hydroxyapatite are more 
intense than fluorapatite, which is well explained by the 
respective solubility ratio. On the surface of mammoth tooth 
powder and powder of synthetic apatite the numerous lamellar 
whewellite crystals ( from 1 to 70 microns ) and spherulite 
looking intergrowths of its are seen. Besides there are large 
dipyramidal weddellite crystals up to 100 microns (often 
destroyed). On the surface of fluorapatite single crystal the 
continuous carpet of lamellar whewellite crystals (from 20 to 
60 microns ) with traces of their dissolution is seen. The traces 
of their dissolution are visible.. Weddellite crystals are absent.  

 
The study was supported by Russian Foundation for Basic 

Research (project13-05-00815-a ). 
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We investigated the benefits (very high sensitivity, flat 

peak tops, large linear dynamic range) of single collector 
magnetic sectorfield ICP-MS (SF-ICP-MS) for U-Pb dating of 
perovskite by laser ablation. Perovskites from kimberlites from 
Garnet Lake, W Greenland, and Pyramidefjeld, SW Greenland, 
have been separated. Multigrain aliquots of both perovskite 
separates were dated by ID-TIMS, yielding emplacement ages 
of 568±11 Ma for the Garnet Lake kimberlite [1] and 151±2 
Ma for the Pyramidefjeld kimberlite [2]. Multiple perovskite 
grains from both samples have been dated in-situ employing 
30 µm diameter single spot analyses by laser ablation 
employing a ThermoFinnigan Element2 SF-ICP-MS coupled 
to a NewWave UP 213 laser system. A common lead 
correction was applied based on the measured 204Pb intensity 
(after correction for the measured 204(Pb+Hg) gas blank). 
Perovskite from the Ice River Complex, British Columbia, was 
used as a secondary standard for quality control purposes. 
Multiple in-situ measurements of the Ice River perovskite 
yielded concordia ages of 359±3 Ma that are in excellent 
agreement with the age of 361.7±1.0 determined by ID-TIMS 
[3]. Nineteen in-situ analyses of perovskite grains extracted 
from the Garnet Lake kimberlite yielded a concordia age of 
566±5 Ma, also in excellent agreement with the age obtained 
by ID-TIMS. Because of the very low Pb contents in 
perovskites from the Pyramidefjeld (around 1 ppm) and the 
associated large uncertainties of the common lead correction, 
no concordia age could be obtained. However, the in-situ laser 
ablation analysis yielded a common lead corrected weighted 
average 206Pb/238U age of 152±3 Ma which is in excellent 
agreement with the weighted average 206Pb/238U age obtained 
by ID-TIMS. Our results demonstrate that laser ablation SF-
ICP-MS is a fast and inexpensive method for precise and 
accurate common lead corrected U-Pb age dating of 
perovskite. 
 
[1] Hutchinson & Heaman (2008) CanMin 46, 1063-1078. [2] 
Heaman pers.comm. [3] Tappe & Simonetti (2012) ChemGeol 
304-305, 10-17 
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Between 1996 and 2013, the Lamont-Doherty Earth 

Observatory Environmental Tracer Group has measured more 
than 2,000 groundwater samples for tritium/3He age analysis. 
The samples were collected mainly at sites in the continental 
United States, the majority of them as part of water quality 
studies under the auspices of the U.S. Geological Survey.  

The data set represents a broad survey of continental 
waters, and includes a wide range of hydrogeologic settings, as 
well as sampling conditions and climatic zones. The set of 
samples cover zones of humid subtropical climate in the 
southeastern US to areas of semiarid steppe climate or even 
desert climate in the mid-western US and hydrological settings 
from unconfined/confined aquifers over fractured-rock 
aquifers. 

We present results on distributions of tritium, helium 
isotopes, and neon including apparent tracer ages. We use the 
data to explore basic processes that influence the tracer and 
tracer age distributions such as the continental effect (tritium), 
the occurrence of terrigenic helium or explore groundwater 
mixing. We also discuss ranges of natural (pre-bomb) tritium 
and its distribution on a continental scale. 

The measurements also reveal an interesting range of 
methodological issues related to very different sampling sites, 
sample integrity, laboratory procedures, and analytic 
techniques used tritium/3He dating technique. We discuss the 
implications of these issues for the precision of the tritium/3He 
dating method of young groundwater. 
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The combination of weather radar imagery, seismometry, 
and internet-based aggregation of eyewitness reports has 
proven to be effective methodology for rapid recovery of 
meteorite falls. With the growth of the internet and 
development of national weather radar networks, these 
techniques are increasingly available around the world. As a 
result, institutions around the world – even small or remote 
institutions – may have the capability to rapidly locate and 
recover meteorite falls. Given that these meteorite “falls” are 
generally preferred for research over “find” meteorites 
recovered from old fall events, an increase in freshly-fallen 
meteorites available for research should have a positive effect 
on meteorite research in general. Such recovery techniques can 
also provide small and/or lightly funded universities around the 
world with an inexpensive means to obtain local meteorite falls 
of high scientific value. 

Data sources for rapid meteorite recovery are available 
worldwide. Weather radars, for one, are currently used for 
civilian weather forecasting by about 75 nations. In the United 
States, the NEXRAD weather network operated by the US 
National Oceanic and Atmospheric Administration (NOAA) 
provides near-continuous areal radar coverage of the US. 
These radar data are provided for free to the public through an 
internet portal which includes access to extensive archives of 
radar data. Around the world, radar operations and data 
dissemination routines vary widely but the data are generally 
available. Seismometry data is also a powerful tool for locating 
fireball events, and seismometry data are readily available 
through the Incorporated Research Institutions for Seismology 
(IRIS, www.iris.edu). Eyewitness reports are also very 
important for meteorite recovery. The American Meteor 
Society (AMS, www.amsmeteors.org) and others aggregate 
eyewitness accounts in near-real-time on their website. The 
AMS actively seeks to disseminate its website software 
package to meteor societies around the world. All of these 
factors can be assembled by local institutions to perform low-
cost, regional meteorite recovery programs. 
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Dihydrogen (H2) is a nearly ubiquitous product of water-
rock interaction and is potentially an important reductant and 
source of energy for early life on Earth, for the rock-hosted 
deep biosphere, and for life beyond Earth. Previous studies on 
deep-sea hydrothermal vent systems suggest that H2 produced 
by water-rock interaction feeds microbial ecosystems. 
However, such studies represent a small corner of 
physicochemical space where conditions are highly favorable 
for H2 production. Lithogenic H2 can be produced, however, 
across a range of rock types thus increasing the diversity of 
potential habitats on planetary bodies.  

We present the results of field measurements and 
modelling assessing the potential importance of H2-based 
metabolisms in geologic environments other than serpentizing 
systems. Aqueous H2 concentrations were measured in spring 
waters across the western U.S. at sites including Yellowstone 
National Park, Lassen Volcanic National Park, Idaho 
Batholith, Oregon Cascades, and California’s Long Valley 
Caldera. The springs at these sites are hosted in rocks ranging 
in composition from mixed alluvial sediments to rhyolite to 
andesite to basalt. Aqueous hydrogen concentrations reveal 
that dissolved hydrogen concentration can vary across several 
orders of magnitude irrespective of host rock type, and 
absolute values overlap those found in serpentinizing 
ultramafic sytems. Thus, H2-based metabolisms may be 
supported in a range of geologic environments beyond 
ultramafic rocks. 
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The only rigorous method for determining the composition 
of the Earth’s lower mantle is to compare experimental 
estimates for the S and P wave velocities of potential lower 
mantle assemblages with seismic observations. The dominant 
mineral of the Earth's lower mantle is likely to be magnesium-
silicate perovskite. If the lower mantle has the same 
composition as the upper mantle, then silicate perovskite 
should also contain significant concentrations of Fe and Al. In 
addition evidence for lateral heterogeneities in the mantle 
could potentially arise from either chemical or thermal 
anomalies. If chemical anomalies exist these are most likely to 
arise from variations in the Fe and Al content of the mantle.  

In this study simultaneous Brillouin spectroscopy and X-
ray diffraction measurements have been performed in the 
diamond anvil cell to determine the densities and transverse 
and longitudinal acoustic phonon velocities of (Mg,Fe)SiO3 
and MgSiO3 perovskite single crystals. Helium or neon was 
used as the pressure transmitting medium and experiments 
were performed in the pressure range from ambient to 31 GPa. 
Using data from two crystals of each composition with 
different non-specific orientations it is possible to obtain all 9 
independent Cij elastic constants for orthorhombic symmetry 
at different pressures. Above 31 GPa the P wave signal from 
the sample becomes obscured by the diamond Vs peak. We 
compare these results with additional data on the elasticity of 
polycrystalline MgSiO3 perovskite plus samples of the same 
phase containing Fe and Fe and Al obtained using ultrasonic 
interferometry in the multianvil. These measurements were 
performed up to 25 GPa and 1200 K. The results of both types 
of study have been integrating into a single model to interpret 
seismic wave velocities in the lower mantle in terms of 
temperature and composition. 
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Rock samples collected using the Wood Hole 
Oceanographic Institution’s hybrid-remotely operated vehicle 
Nereus in 2009 from deep (10,879 m) on the incoming plate 
south of the Challenger Deep in the Mariana Trench may have 
originated at the Caroline Ridge. Optical microscopy, electron 
microprobe and Raman analysis show that they are partially 
altered massive diabase with altered interstitial glass and 
containing microtubules in vug–filling secondary phases. The 
tubules are similar to those observed in a variety of marine 
settings in lavas, hypabyssal igneous rocks and are presumed 
to have formed by tunneling lithoautotrophic microbes. The 
rocks were collected from the base of a fault scarp where large, 
columnar-jointed blocks are draped with sediment. A similar 
rock was dredged by V. Kanajev aboard the Soviet 
oceanographic vessel “Vitiaz” in the late 1950’s. There is the 
suggestion of a boundary between the Pacific Plate and the 
shallower sea floor (Caroline plate?) subducting beneath the 
southernmost Mariana Trench. Some interpret that the chain of 
seamounts striking NNW, colinear with the Lyra Trough, mark 
such a boundary. Sediments, drilled from above postulated 
basement north of the Caroline Ridge are no older that 
Oligocene. The igneous basement of the subducting plate south 
of the Challenger Deep is, as yet, undated, but it may be 
younger than the Jurassic Pacific Plate subducting further east. 
Age dating (underway) of the diabase recovered with Nereus 
should help to solve this question.  
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We present new results of high pressure crystallization 
experiments using primitive PB (14% MgO) and evolved EB 
(9% MgO) basanites and tephriphonolite TP (3% MgO), 
representing three differet evolutionary stages of the Cumbre 
Vieja (CV) volcano. All runs were conducted in an IHPV at 
700, 550, 400 and 200 MPa, between 1175-950°C under H2O-
CO2 fluid saturated conditions (XH2O varied between 0-1) and 
in the range of fO2 between FMQ and FMQ+3.3.  

The natural basanitic mineral assemblage Ol+Cpx+Sp, was 
reproduced for both PB and EB at 700 and 400 MPa, 1150-
1100°C, 0.7-2.9% H2O in the melt and at 550 and 400 MPa, 
1175-1125°C and 1.5-2.7% H2O respectively. Mineral 
association Cpx+Krs+Pl+Mt+Ap observed in natural 
tephriphonolite was reproduced in our experiments at 400 and 
200 MPa, 1000°C and 0.6-0.7% H2O in the melt. All these 
natural mineral assemblages and basanite-phonolitic trend of 
residual liquids have been reproduced in the range of fO2 
between FMQ and FMQ+1. More oxidized conditions were 
resulted in extensive Mt crystallization leading to formation of 
Qtz-normative residual liquids instead of following the Ne-
normative trend. Tephritic residual melts in our experiements 
resembled the natural CV compositions only in runs where 
proportion of Cpx in solid phase was below 30%. Thus, 
variations of CaO and total alkalis in natural tephritic lavas can 
be explained by different proportions of Cpx and Krs which, in 
turn, strongly depend on aH2O and T. At low aH2O and high T 
Cpx predominates over Krs in solid phase and this results in 
stronger CaO depletion and alkalis enrichment in residual 
liquids. In contrast, at high aH2O and low T, Krs is predominat 
in solid phase which results in depletion of total alkalis and 
higher CaO contents in the residual melt. Our results indicate 
that fractionation from basanites to tephrites might occur at 
pressures between 400 to 700 MPa. Pl crystallization in 
basanites is suppressed at 700 MPa, indicating that 
tephriphonolitic or phonolitic melts can only be generated at 
lower pressures or from a parent more evolved than basanite.  

We conclude that the formation of tehriphonolitic and 
phonolitic magmas can also occur at pressures up to 400 MPa 
at least, which is in contrast to the relatively low pre-eruptive 
pressures obtained for phonolites from comparable systems.  
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The Witwatersrand basin in South Africa hosts the largest 

known gold and uranium resource in the world. The formation 
of the native gold and uraninite has been a matter of debate for 
several decades. Opinion has been divided over whether the 
gold represents detrital mineralization that has been partly 
remobilized by hydrothermal fluids or if it is entirely 
hydrothermal in origin. Uraninite is generally regarded to be of 
detrital origin. Oil inclusions preserved in different generations 
of quartz grains show that there was contemporaneous 
migration of hydrothermal and petroleum phases. The highest 
gold and uranium concentrations occur in reefs that are 
enriched in solidified hydrocarbons (bitumen) and point to an 
important role for hydrocarbons in gold and uranium 
concentration. SEM imaging of bitumen in the Carbon Leader 
Reef has revealed that much of this gold is concentrated 
around the bitumen, and Laser-Ablation ICP-MS analyses that 
there is also a large enrichment of Au in uraninite enclosed 
within the bitumen. High-Resolution TEM analyses have been 
performed on these uraninite grains to investigate the genetic 
association among gold, uranium and hydrocarbons. Bright-
field TEM images show that the uraninite is not present as 
single crystals, but consists of numerous nanocrystals that form 
complex aggregates. Pore spaces in the aggregates are filled 
with solid hydrocarbons and gold mono-crystals. The gold 
crystals contain numerous spherical or eliptical inclusions of 
solidified hydrocarbons. The hydrocarbons within the gold 
crystals and those surrounding them contain pervasively 
distributed uraninite nanocrystals. The textural relationship 
between uraninite and gold nano/microcrystals and the bitumen 
show that uraninite and gold crystallization occurred (at 
different stages) during liquid oil and water intermixing. 
Preferential gold crystallization around the bitumen and the 
uraninite nanocrystal growth within the bitumen strongly 
suggests that gold crystallized from aqueous solution due to 
reduction and uraninite crystallized directly from the 
hydrocarbons. 
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Rare earth elements (REEs) are have been used in various 
advanced materials including catalysts, alloys, magnets, optics, 
and lasers.. However, production of REE is limited in certain 
areas in the world. Thus, the securing of REE resources has 
become an important subject for many countries including 
Japan. In this study, ferromanganese(Fe-Mn) nodules were 
focused as a new mineral resources, because abundant amounts 
of Fe-Mn nodules, which contain high concentrations of REEs, 
are distributed in the exclusive economic zone of Japan. In 
addition, the present recovery method of REEs is highly costly 
and environmentally unfriendly. Therefore, this study attempts 
to establish the simultaneous extraction and enrichment 
method of REEs from Fe-Mn nodules using iron-reducing 
bacteria as both low costly and environmentally friendly 
extraction methods. 

S. putrefaciens (=iron-reducing bacteria), powdered Fe-Mn 
nodules, lactic acid, and mineral salts were added in a HEPES-
buffered solution to stimulate iron-reduction reactions. After 
10 days, REE adsorbed on S. putrefaciens were measured with 
ICP-MS. 

As a result, more than 20% of REEs were adsorbed on S. 
putrefaciens. In this case, La which has the largest ionic radius 
among the trivalent REE showed the highest adsorption rate, 
and the adsorption rates decreased with decreasing the ionic 
radii toward Lu. These results suggested that REE were 
recovered from Fe-Mn nodules with iron-reducin bateria, and 
light and heavy REE can be separated.  
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ESR (electron spin resonance) dating method has been 
applied to calcite, aragonite, hydroxyapatite, quartz and 
gypsum. Recently it was shown that this method is also 
practically applicable to barite, especially those in sea-floor 
hydrothermal sulfide deposits (Takamasa et al., 2013). 

ESR, 226Ra-210Pb, and 228Ra-228Th ages were determined for 
barite crystals extracted from hydrothermal sulfide deposits 
taken at hydrothermal fields at the Okinawa Trough. The ages 
range 4.1 to 16000 years where the ages obtained by the three 
methods coincide in some of the samples while the 228Ra-228Th 
ages are the youngest and ESR ages, the oldest and the 226Ra-
210Pb ages in between in the other samples. The samples with 
younger ESR ages show younger 226Ra-210Pb ages and those 
with older ESR ages show older 226Ra-210Pb ages with no 
detection of 228Ra. The inconsistency of the ages between these 
methods would be explained by the mixture of the barite 
crystals with younger and older ages, formed by several 
hydrothermal activities. The order of ages of the 5 
hydrothermal fields would be arranged, from young to old as 
follows; Yoron Hole field, Daiyon-Yonaguni Knoll field, 
Hatoma Knoll field, being nearly equal to Iheya North Knoll 
field. 
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The contamination of land by radiocaesium has long been 
seen as a serious environmental problem. It is known that Cs 
preferentially sorbs to clay minerals, specifically illite. 
However, until now, the exact sorption mechanism has not 
been fully explained.  

Here we use atomic resolution STEM imaging, EDX and 
EXAFS to determine the exact mechanism whereby Cs 
initially sorbs to the illite frayed edge sites before migrating 
into the clay interlayer.  

We observe that caesium rapidly and irreversibly sorbs 
onto illite via exchange with Ca at the frayed edges, causing 
them to collapse. The Cs does not remain at the edge of the 
illite but instead migrates into the interlayer sites normally 
occupied by K (Fig. 1). This allows additional Cs to sorb onto 
the interlayer edges explaining why the sorption capacity of 
illite for Cs appears to increase over extended time periods. 

This detailed atomic scale understanding of Cs sorption to 
this important mineral provides a new level of understanding 
which is essential for accurately predicting Cs behaviour in the 
environment. 

 
Figure 1 HAADF STEM image of illite after exposure to a Cs 
solution for one year, showing Cs incorporation into the 
interlayer (bright lines) 
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A key issue to the success of biostimulation-based 
remediation of uranium (U) contamination in aquifers is the 
long-term stability of the sequestered U following cessation of 
biostimulation and the return to ambient groundwater 
conditions. Because substantial levels of groundwater 
dissolved U(VI) can remain following U ore extraction by in 
situ leaching and recovery (ISR), remediation of ISR sites 
using biostimulated reduction is being evaluated. Column 
experiments with sediments from a deep aquifer previously 
mined by ISR showed that biostimulation of the indigenous 
microbes with lactate was effective in lowering the 20 µM 
U(VI) influent to <0.1 µM through reduction and precipitation 
of U(IV). Near complete U uptake continued through 82 days 
(77 pore volumes, PV) well after the onset of sulfate reduction. 
Effluent [U] remained low (<0.1 µM) for over 30 PV after 
electron donor and U(VI) were removed from the influent. 
Increasing dissolved oxygen to suboxic levels similar to pre-
ISR conditions (6 µM) resulted in remobilization of 
sequestered U, with effluent [U] increasing to 0.6 µM after 33 
PV. Subsequently, the rate of U remobilization increased 
rapidly with [U] reaching 13 µM after 87 days (82 PV). In 
contrast, effluent [U] remained low (<0.8 µM) through 140 PV 
of oxic elution (250 µM dissolved oxygen) following 
biostimulated reduction using acetate in column experiments 
with shallow aquifer sediments from the Old Rifle site. Solid-
phase speciation, distribution and extent of reduced U, Fe and 
S are compared as possible indicators of the difference in 
remobilization of bioreduced U observed in the two 
experiments. Our findings indicate that biostimulation may be 
effective for lowering [U] following ISR but that maintaining 
reducing conditions will be necessary to limit remobilization of 
sequestered U. 
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Isotopic analyses of osbornite (TiN), considered as the first 
solid nitrogen-bearing phase to condensate in the cooling 
nebula, indicated that the protosolar nebula (PSN) was highly 
depleted in 15N compared to the terrestrial atmosphere [1]. 
Results from NASA’s Genesis mission confirmed the very low 
15N/14N ratio of the Sun and the PSN (δ15NPSN = -383 ± 8 ‰ 
[2]). All other Solar System objects (with the exception of 
Jupiter) are enriched in 15N compared to the PSN, possibly as a 
result of i) N2 photochemical self-shielding [e.g., 3] or ii) low 
temperature isotopic exchanges [4].  

Since early-formed solids such as refractory Ca,Al-rich 
inclusions (CAIs) may retain a record of the nitrogen isotopic 
evolution of the nebula, we investigate here the N and noble 
gas (Ne-Ar) abundance and isotopic signature of a large (~4 
cm in diameter) coarse-grained type B CAI from a CV3 
chondrite by CO2 extraction-static mass spectrometry analysis. 
In addition, we determined the O and Al-Mg isotope 
characteristics of the inclusion by SIMS analysis. 

 Although the CAI crystallized near “time zero” of Solar 
System history, as shown by its canonical-like (26Al/27Al)i 
value of (5.06 ± 0.50) × 10-5, it experienced later partial 
isotopic exchange with a 16O-poor reservoir, resulting in large 
oxygen isotope variations among its constituent minerals. 
Melilite and anorthite are 16O-poor (Δ17O > -5‰), whereas 
spinel and fassaite retain the original 16O-rich signature of the 
solar nebula (Δ17O ≤ -20 ‰). The low 20Ne/22Ne (≤ 0.83) and 
36Ar/38Ar (≤ 0.82) ratios rule out the presence of any trapped 
planetary or solar noble gases, and the abundances of 
cosmogenic 21Ne and 38Ar are consistent with a cosmic ray 
exposure age of a few to a few tens of millions of years. 
Strikingly, the CAI contains 1.4 to 3.4 ppm N2 with a δ15N 
value of 8 to 30 ‰. Even after correcting the measured 15N/14N 
ratios for cosmogenic 15N produced in-situ, the δ15N values 
resemble the isotopic signatures of chondritic meteorites, 
suggesting that mixing of the PSN with a 15N-enriched 
reservoir occurred at very early times. 

 
[1] Meibom et al (2007) ApJ 656, L33-L36. [2] Marty et al 
(2011) Science 332, 1533-1536. [3] Lyons et al (2009) GCA 
73, 4998-5017. [4] Terzieva and Herbst (2000) MNRAS 317, 
563-568. 
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Earth and the other terrestrial planets formed in the inner 

Solar System where temperatures were too high for volatile 
elements to condense; thus, volatiles now present in the 
interior of these bodies must have been predominantly added 
during the late stages of planetary formation. The presence of 
solar noble gases in the mantles of Earth and Mars shows that a 
small fraction of mantle volatiles was acquired by trapping of 
nebular gases (by adsorption, ion implantation, or gravitational 
capture [1]) or by incorporation of dust loaded with solar wind 
[2]. In contrast, the abundances and isotopic compositions of 
terrestrial H2O, C, and N are consistent with a mass 
contribution of a few percent of carbonaceous chondrite 
matter, either as a “late veneer’ [3] or by accretion of a few wet 
planetesimals during Earth’s formation [4].  

To this date, no traces of “indigenous” solar gases have 
been detected in samples derived from the Moon’s interior. 
However, the isotopic composition of water in lunar volcanic 
glasses (LVGs) [5, 6] and apatites [7], as well as of nitrogen in 
LVGs [8], resembles that of the terrestrial (surface) reservoir 
or carbonaceous chondrites, suggesting that the influx of 
chondritic material to the inner Solar System also delivered 
volatiles to the lunar magma ocean (LMO) before 
solidification of the crust. The water concentrations of lunar 
samples indicate that the mantle contains a few tens to a few 
hundreds ppm H2O [e.g, 6], which is comparable to the 
abundances inferred for the Martian mantle [9] but 
significantly lower than the water content of the bulk Earth 
(~1000-3000 ppm [4]). Notably, if a large portion of the late 
veneer was delivered to the Earth-Moon system after formation 
of the lunar crust, this material would not have contributed 
volatiles to the Moon’s interior, but, instead, would have been 
added to the lunar crust and/or lost to space. 

 
[1] Pepin and Porcelli (2002) Rev. Mineral. Geochem. 47, 191-
246. [2] Trieloff et al (2000) Science 288, 1036-1038. [3] 
Albarède et al (2013) Icarus 222, 44-52. [4] Marty (2012) 
EPSL 313-314, 56-66. [5] Saal et al (2013) Science 340, 1317-
1320. [6] Füri et al. (2014) Icarus 229, 109-120. [7] Tartèse et 
al. (2013) GCA 122, 58-74. [8] Füri et al (2013) Mineralogical 
Magazine 77(5), 1123. [9] McCubbin et al. (2012) Geology 40, 
683-686. 



 Goldschmidt2014 Abstracts  

 

752 

752 

Speciation of mercury and sulfur in 
northern peatlands 

OLHA FURMAN1*, BRANDY M. TONER1,  
EDWARD A. NATER1, STEPHEN D. SEBESTYEN2,  

MALAK M. TFAILY3, JEFFREY P. CHANTON4  
AND RANDALL K. KOLKA2 

1Department of Soil, Water, and Climate, University of 
Minnesota, St. Paul, Minnesota 55108, USA 
(*correspondence: ofurman@umn.edu) 

2Northern Research Station, USDA Forest Service, Grand 
Rapids, Minnesota 55744, USA 

3Environmental Molecular Sciences Laboratory, Pacific 
Northwest National Laboratory, Richland, WA 99354, 
USA 

4Department of Earth, Ocean and Atmospheric Science, 
Florida State University, Tallahassee, FL 32306, USA 

 
Peatlands are sinks for total Hg and can be sources of toxic 

methyl Hg through the activity of sulfate-reducing bacteria [1]. 
In this study, we investigate how organic and inorganic S 
speciation affects MeHg concentrations in soil and porewaters 
across northern peatlands with different physical, chemical, 
vegetation, and hydrological characteristics by utilizing various 
analytical tools. 
  

 

 

 

Figure 1. Hg, MeHg, and S concentrations in peat depth profiles. 

Results of this study indicate that S, Hg, and MeHg 
concentrations peaked in the subsurface at 20-40 cm; the 
greatest MeHg concentrations were observed in the transition 
zone between the transiently oxidized acrotelm and the 
permanently saturated anaerobic catotelm. Porewaters in 
precipitation-fed acidic ambrotrophic bogs showed the highest 
DOC, MeHg, and Hg concentrations as compared to fens fed 
by groundwater. Further investigation of S speciation and 
molecular composition of organic S-containing compounds in 
solid and DOC phases by X-ray absorption near-edge 
spectroscopy and ultra-high resolution Fourier transform ion 
cyclotron resonance mass spectrometry will help us establish 
mechanistic linkages between S and Hg cycles in northern 
peatlands and predict peatland responses to climate change. 
 
[1] Kolka, R. K. et al Mercury cycling in peatland watersheds. 
In Peatland Biogeochemistry and Watershed Hydrology at the 
Marcell Experimental Forest; Kolka, R. K., Sebestyen, S. D., 
Verry, E. S., Brooks, K. N., eds.; CRC Press: Boca Raton, FL, 
2011; pp. 349－370. 
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Corbetti Caldera is a quaternary volcanic complex in the 

central sector of the Main Ethiopian Rift. There is little 
published work on this complex [1,2] and its volcanic history 
is poorly costrained. This study reports a detailed stratigraphy 
of the caldera and its geochemical and petrological evolution. 
 Corbetti Caldera has a surface area of ~162 km2

 and 
contains two later obsidian domes (Chabbi and Urji), with 
associated pyroclastic flows. The stratigraphic sequence 
reveals a complex volcanic history (six eruptive units for 
Caldera Rim deposits, five for Urji vent , and seven for Chabbi 
vent), and is characterized by both effusive and explosive 
activity. Most Corbetti products have a peralkaline-rhyolitic 
composition (AI = 4.9), classified as pantellerite, and are 
metaluminous rocks (ASI = 0.69). A few samples from the 
youngest vent, Chabbi, show a trachydacitic copmposition. A 
rare caldera rim sample is basaltic. Major element 
concentrations in Corbetti Caldera products clearly show a 
compositional gap, typical of bimodal magmatism elsewhere in 
the Ethiopian Rift [3,4]. No single magmatic differentiation 
trend covers the entire stratigraphic sequence. The pattern of 
trace element (La, Sc, Sr, Rb, Th, Zr, V) concentrations also 
suggests two different magma sources for the end-members. 
All rhyolites are charcterized by a low phenocryst content (5-
20 vol%). Phenocrysts are, in order of abundance: sanidine, 
anorthoclase, hedenbergite, aengimatite and fayalite (Fo2-3). 
Mineral zoning is conspicuously absent, except in cpx from 
caldera rim ignimbrites and tephras, suggesting limited pre-
eruptive magma mixing.  

When considered in the context of other volcanic systems 
along the central axis of the Main Ethiopian Rift, our new data 
provide further insight into magma sources and the processes 
which characterize magmatism in one of Earth’s most active 
continental rifts. 

 
[1] Di Paola (1970) Bull. Volc. 35, 497-506 [2] Mohr (1966) 
Bull. Volc. 29, 797-815 [3] Daniel et al (1994) JGR 199, 2835-
2869 [4] Ebinger et al (1998) Nature 395, 788 -789 
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It was shown that temperature and crystal growth 
environment are not the only factors affecting elemental 
partitioning between minerals and fluid. Growth rate of the 
crystal is the key parameter controlling elemental partition 
coefficients [1,etc.]. Different approaches were taken to 
explain effect of crystal growth rate on elemental uptake by 
calcium carbonate minerals [2,3]. Those models consider 
existence of diffusive boundary layer from solid or liquid side 
of the crystal-fluid interface. We anticipate to present 
simulation results on elemental uptake by CaCO3 based on 
previously discussed assumptions and driving mechanisms 
using Unified Uptake Kinetics Model (UUKM) embedded in 
the GEM-Selektor code [4]. 

Calcite and aragonite precipitation experiments were 
conducted by diffusion of CO2 into Ca-bearing fluid [5]. 
Crystal extension rates (V) were determined by marking of 
crystal growth layers with REE elemental spikes introduced 
into growth media [6]. V decreased with increasing crystal 
size. Ratios of Mg/Ca, Sr/Ca, Ba/Ca, and U/Ca were analyzed 
using ion microprobe instrument at UCLA. Analytical data 
revealed trends of elemental ratios within individual slow 
grown calcite crystals where Sr/Ca, Ba/Ca, and U/Ca increase 
but Mg/Ca decreases from crystal edge (V<0.01 nm/s) toward 
its interior (0.01<V<5 nm/s). In contrast, fast grown crystals 
(V>5 nm/s) demonstrated different distribution of elemental 
ratios: Sr/Ca, Ba/Ca, and Mg/Ca decreases but U/Ca increase 
from crystal edge toward its interior.  

Potential explanation for these phenomena is nonlinearity 
of partitioning dependence on growth rate [6]. At high V 100% 
entrapment of calcite chemically distinct near-surface layer 
likely occurs [2]. The different distribution of U/Ca suggests 
that significant portion of U incorporates into calcite 
interstitially. 

 
[1] Lorens, R.B. (1981) GCA 45, 553-561 [2] Watson, E.B. 
(2004) GCA 68, 1473-1488 [3] Depaolo (2011) GCA 75, 
1039–1056 [4] Thien et al (2014) Appl. Geochem. 41, 135-150 
[5] Gruzensky (1967) J. Phys. Chem. Solids S1, 365–367 [6] 
Gabitov et al (2014) Chem. Geol. 367, 70–82 
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The application of X-ray absorption near edge structure 

(XANES) spectroscopy to determine the oxidation state of Fe 
in submarine glasses and olivine-hosted melt inclusions has 
provided important new insights into Fe3+/ΣFe heterogeneity in 
the Earth’s upper mantle [1,2]. Interpreting this variability 
requires a thorough understanding of the behavior of Fe3+ 
during the generation and transport of partial melt in the 
mantle. Quantifying this behavior involves consideration of 
both point defect equilibria in the solid and the temperature, 
pressure, and composition dependence of Fe3+/ΣFe in the melt. 
Modeling Fe3+ as a trace element using partition coefficients 
and equations for partial melting does not accurately capture its 
behavior. 

At equilibrium, the distribution of Fe3+ and Fe2+ between 
olivine and silicate melt is described by the reaction: 

 

where, in Kröger-Vink notation, and and are Fe2+ and Fe3+, 
respectively, occupying octahedral lattice sites. This reaction 
constrains the mass balance of O2- between olivine and melt. 
The equilibrium concentration of in olivine is given by the 
model of Dohmen and Chakraborty [3], while Fe3+ in the melt 
is described by Equation 6 of Kress and Carmichael [4]. Spinel 
lherzolite partial melting is modelled following Kinzler [5]. 

Results from these calculations indicate that for the most 
incompatible case (i.e. all Fe3+ resides in olivine), the 
concentration of Fe3+ in the melt initially increases, and then 
decreases between 1 and 20% partial melting. This behavior 
reflects changes to the bulk Fe concentration of the melt as 
well as the mass balance of O2- between solid and melt. The fO2 
recored by Fe3+/ΣFe of the melt steadily decreases with 
increasing extent of melting, but this effect is damped once 
Fe3+ residing in pyroxene and spinel is considered. At low 
melt-to-rock ratios, interaction between percolating melt and 
olivine in dunite channels can affect Fe3+/ΣFe of the melt. 

 
[1] Kelly & Cottrell (2009), Science 325, 605-607 [2] Cottrell 
& Kelly (2011), Earth Planet Sci Lett 305, 270-282 [3] 
Dohmen & Chakraborty (2007), Phys Chem Min 34, 409-430. 
[4] Kress & Carmichael (1991), Contrib Mineral Petrol 108, 
82-92. [5] Kinzler (1997), J Geophys Res 102, 853-874 
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The Eastern Greater Caucasus Georgian segment includes 

as the southern slope of the Great Caucasus (Kakheti region), 
so – the northen one (Tusheti region). This segment is mainly 
formed of folded Lower-Middle Jurassic clay-shale and 
volcanic-sedimentary formations, which according to 
geophysical data, are located on oceanic or transitional crust 
(Philip et al, 1989). The complex of these rocks is intersected 
by Middle Jurassic gabbroic, dioritic, quartz-dioritic and 
felsitic intrusions.  

Our research showed that more than hundred ore 
mineralization occur in the Eastern Caucasus Georgian 
segment. Ore mineralization processes genetically are related 
to postmagmatic events of intrusive magmatism and two 
mineralization zones - the Northern and the Southern are 
distinguished. In the Northern zone mainly pyrite-polymetallic 
mineralization is developed, where content of Pb and Zn 
sometimes is >10000 g/t, Cu varies between 400–500 g/t,  
Co - 40-295 g/t and Ag – 5-95 g/t. Au doesn’t have an 
industrial concentration (0.01-0.52g/t) in this zone. The 
Southern zone is represented by copper-pyrrhotitic ores, where 
Cu concentration sometimes is >10000 g/t, and Au reaches 
industrial concentrations (0.1-3.1 g/t). At the last stage of ore 
mineralization processes, in the South mineralized zone Th and 
Bi high concentrations are detected, which genetically are 
related to carbonate hydrotherms. Th content varies from 40 to 
120 g/t, and Bi – 200-800 g/t, but sometimes Th reaches  
3800 g/t, and Bi - 4800 g/t [2]. 

In the adjacent area of the explored region, in same 
geological conditions are found significant copper-
polymetallic deposits of Phylischay, Katekh and Katsdag 
(Azerbaijan) and Kizil-dere (Dagestan), which further 
strengthens research interest of the region.  
 
[1] Philip et al 1989. Tectonophysics, 161: 1-21 [2] 
Okrostsvaridze et al 2011. Bul. Georg. Acad. Sc. vo. 5, no. 2. 
pp. 75-82 
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From the pace of the ice ages to carbon cycle changes 
through time, much of what we know about the past ocean and 
the ocean’s role in climate is based on geochemical proxies 
recorded in biominerals. Recently developed microanalytical 
tools like NanoSIMS, ToF-SIMS, and Atom Probe 
Tomography (APT) provide an unparalleled view of proxy 
behavior at the sub-micron scale. At this scale, proxies often 
diverge from a simple relationship with environmental 
conditions; instead, many biominerals are characterized by 
small-scale heterogeneity, complicating proxy interpretation. 
To accurately interpret past records, we need a mechanistic 
understanding of proxy behavior that can explain this 
heterogeneity in biominerals and link this variability to 
environmental records. To solve this problem we use a 
combination of high-resolution isotope imaging methods, 
stable-isotope tracers, and live-culture techniques to test the 
role of two major processes in sub-micron compositional 
heterogeneity during biomineralization: ion transport and 
organic-mineral templating. 

Focusing on planktic foraminfera, a widely used 
paleoarchive, we conducted modified pulse chase experiments 
with a suite of isotope tracers to measure ion transport rates to 
the site of biomineralization. By varying seawater elemental 
concentrations during pulse chase experiments, we were able 
to induce systematic shifts in the ion transport rate. The 
magnitude of these shifts can be inverted to indirectly measure 
the elemental composition of the calcifying microenvironment, 
a key and previously unmeasured parameter affecting skeletal 
composition. In a set of complementary experiments, we used 
APT to investigate elemental abundances at the organic-
mineral interface in foraminiferal, an approach that will test 
whether organic templating processes can also drive sub-
micron heterogeneity in biominerals. Collectively, the 
mechanistic understanding of small-scale heterogeneity 
developed in this study has applications to geochemistry, 
climate science, and the design of complex biomimetic 
materials. 
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The changes in atmospheric CO2 concentrations associated 
with the Quaternary glacial-interglacial cycles have proven 
remarkably difficult to explain. However it is widely thought 
that ocean chemistry played a major role, most importantly via 
the sequestration of carbon in the deep sea by the ocean’s 
biological pump. Compilations of oxygenation proxies [1] and 
nitrogen isotopes [2] show that the deep ocean became better 
oxygenated over the deglaciation, while the polar oceans 
accumulated pools of unused nitrate, both of which are 
consistent with a weakening of the biological pump. The 
compilations also suggest that the biological pump weakened 
rapidly during the early deglaciation, contributing 
predominantly to the initial rise of CO2 between 17.5 and 14 
ka, consistent with inferences based on carbonate ion 
reconstructions [3] and the carbon isotopic composition of 
atmospheric CO2 [4]. A comparison of data and model 
simulations supports the view that the early deglacial 
weakening of the biological pump arose from a double-
whammy of decreasing iron fertilization and increasing deep 
ocean ventilation. The abrupt increase of deep ocean 
ventilation is suggested to have arisen following the 
emplacement of a salty abyssal water mass during the obliquity 
minimum prior to 25 ka, which became unstable and initiated 
deep convection in the Southern Ocean at about 17.5 ka. This 
deep convection released heat that rapidly warmed the 
southern hemisphere and dampened the supply of dust from 
terrestrial sources, explaining the simultaneous decline of iron 
fertilization to the Southern Ocean surface. According to this 
scenario, biology and physics played intertwined roles in the 
early deglacial weakening of the biological pump. The 
subsequent, late deglacial sources of CO2 to the atmosphere 
probably included the removal of alkalinity by accelerated 
carbonate burial [3], possibly amended by enhanced volcanic 
outgassing of CO2 in response to isostatic adjustment [5]. 

 

[1] Jaccard & Galbraith (2012), Nature Geoscience 5, 151-156 
[2] Tesdal et al, (2013), Biogeosciences 10, 101-118 [3] Yu et 
al (2010), Science 330, 1084-1087 [4] Schmitt et al (2012), 
Science 336, 711-714 [5] Huybers & Langmuir (2007), Earth 
and Planetary Science Letters 286, 479-491 
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Testing models of melt generation and mantle source 
variations beneath ocean ridges requires a set of ridge basalt 
(MORB) compositions corrected for shallow-level processes. 
We compiled such a data set, with both individual sample and 
segment means for 241 segments that span the range of 
spreading rate, axial depth, and MORB chemical compositions. 
Particular attention was paid to fractionation correction. 
Multiple lines of evidence show that plagioclase fractionation, 
a key parameter in correcting observed FeO and Al2O3 contents 
back to primary magmas, occurs consistently between 8 and 9 
wt. % MgO, with the exception of hydrous magmas. Data were 
evaluated individually for each segment to assure reliable 
fractionation correction, and segment means are reported 
normalized to both MgO of 8 wt. % and also to a constant 
Mg/(Mg+Fe). Both sets of corrected compositions show 
systematic relationships among the major elements.  

The data can be used to describe the global systematics of 
ocean ridge basalts, and test competing models for generating 
the observed diversity. The principal component of chemical 
variation is consistent with variations in mantle temperature of 
~200ºC beneath ridges. Comparisons with experimental data 
and pMELTS calculations show that variations in mantle 
composition at constant mantle temperature produce trends that 
are largely orthogonal to the observations. Still, there is clear 
evidence for mantle major element heterogeneity beneath some 
hot spots, and beneath back-arc basins.  

Moderately-incompatible trace elements correlate with 
certain major elements, but cannot be explained by the same 
melting models. While the lowest-T mantle (highest Na8) melts 
have a dry solidus shallower than the garnet field, these 
samples have the highest Sm/Yb ratios. And the inferred range 
in melting extent (F) based on Na8 is insufficient to explain the 
range observed in Sm/Yb and Zr/Y, even excluding segments 
with highly enriched MORB. This apparent conflict can be 
resolved by considering volatiles, which produce a region of 
deep, low-F melts below the dry solidus. 
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Recent cadmium isotope studies of the oceans have shown 

a depth control on Cd isotope fractionation in seawater, 
resulting from biological uptake in the surface and 
remineralization at depth, while the isotope distribution 
follows the large-scale deep water circulation [1]. In addition, 
heavier Cd isotopic signatures are found in deep waters of the 
North Atlantic [2, 3] compared to those in the Southern Ocean 
[1, 2]. 

Here we summarize new Cd isotope data from the North 
Atlantic (cruise PE319), along the western boundary of the 
South Atlantic (cruise 74JC057), as well as a high-resolution 
profile at Station Papa and along Line P in the Northeast 
Subarctic Pacific (cruises 2012-13 and 2013-18). Clear Cd 
concentration and isotope gradients are resolved along 
isopycnals. While diapycnal mixing strongly controls the Cd 
isotope variations in Atlantic deep waters, Pacific deep waters 
are strikingly homogeneous below ~150 m and have “lighter” 
Cd indistinguishable from that of Antarctic bottom waters.  

These new datasets emphasize the importance of 
remineralization on the deep water Cd mass balance of the 
global ocean. The remineralization effects will be explored 
using multi-box modelling of the global circulation, coupled to 
a simplified model of the biological consumption-regeneration 
cycle, with the aim of quantifying fluxes as a function of 
overturn rates. 

 
[1] Abouchami et al (2014) Geochim. Cosmochim. Acta, 127, 
348-367 [2] Xue et al (2013) Earth Planet. Sci. Lett. 382, 161-
172 [3] Boyle et al (2012)	   Limnol. Oceanogr. Methods 10, 
653-665 
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Fe and S isotopes are useful tools to trace sources, mixing 
and (bio)geochemical redox processes in the Fe-rich and S-
poor Archaean oceans. Here we present bulk Fe isotopes and in 
situ Fe and multiple S isotopes from rocks of Middle Mapepe 
Formation of the Fig Tree Group from the BARB5 drill core of 
the Barberton Greenstone Belt drilling project, South Africa. 
We analyzed 43 whole rock samples for δ56Fe by MC-ICPMS 
spanning deep water and shallow basinal settings. 
Representative samples were selected to produce 160 in situ 
pyrite measurements for multiple S isotopes (32,33,34,36) by 
SIMS. The aim was to identify pathways of pyrite formation, 
sources of Fe and S, and potential redox reactions in the 
Mapepe basin in Mid-Archaean times. 

δ56Fe (relative to IRMM 014), in bulk rocks varies from 
0.42‰ to -0.46‰ with an average value of ca. 0 ‰. A weak 
trend was observed between more negative values deeper in 
the core, where deposition occured in deep anoxic water 
column, and slightly more positive values in a shallower water 
alluvial fan setting at the core top. This represents mixing 
between Fe derived from the water column and detrital Fe 
minerals weathered from the hinterland. Multiple S isotopes 
vary from -13.‰ to 6 ‰ for δ34S, -2 ‰ to 4 ‰ for Δ33S and 
from -5 ‰ to 1 ‰ for Δ36S. Correlations indicate intensive 
mixing processes of different S sources as well as the operation 
of microbial sulfate reduction in the basin. A negative 
excursion in δ56Fe and δ34S correpsonds to a litharenite unit 
interbedded with chert, barite and carbonate and volcanic ash 
deposits. We interpret this as related to Fe drawdown from the 
basin during increased sulfide production due to microbial 
sulfate reduction. Our data show that coupling Fe isotopes with 
S and general geochemisty and petrology of Archaean 
sedimentary rocks is an extremely valuable tool in tracing the 
early Earth environments. 
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The Mesoproterozoic era is thought to be a time of relative 

environmental stability when compared to the Paleo- and 
Neoproterozoic. While the marine carbon cycle and pO2 of the 
atmosphere may have been stable, the biosphere was far from 
quiescent at this time. For example, stromatolites reached their 
peak abundance during the Mesoproterozoic [1]. Beyond a 
dynamic marine biosphere, there is evidence that microbial life 
was also diversifying in freshwater terrestrial environments by 
the Late Mesoproterozoic [2]. 

The Midcontinent Rift System of the Great Lakes region in 
North America was formed ~1.1 Ga ago, was never deeply 
buried, and with only limited evidence for post-burial 
alteration, is an appealing archive to use to examine terrestrial 
life and environments. Previously, microbially induced 
sedimentary structures have been documented in floodplain 
deposits [3,4]. Here, we expand the range of environments 
examined by focusing on the Nonesuch Formation, which is 
comprised of organic-rich siltstones and shales and is thought 
to have been deposited in a lacustrine setting [5].  

Both outcrop and drill-core records of the Nonesuch 
Formation from Michigan and Wisconsin were examined to 
test the hypothesis that the Nonesuch Formation in Michigan 
and Wisconsin may have been deposited in distinct basins 
separated by a topographic high [6], similar to modern rift 
lakes in East Africa. Organic carbon isotope and trace metal 
data indicate spatial variability in microbial diversity, 
environmental heterogeneity, and redox during the Late 
Mesoproterozoic. 

 
[1] Noffke and Awramik (2013) GSA Today 23, 4-9 [2] 
Strother, et al (2011) Nature 473, 505-509 [3] Wilmeth, et al 
(2014) Geobiology 12, 99-108 [4] Sheldon (2012) SEPM 
Special Publication 101, 153-162 [5] Elmore, et al (1989), 
Precambrian Research 43, 191-213 [6] Suszek (1997) GSA 
Special Paper 312, 195-210 
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Magnetic nanoparticles (MNPs) are used in technologies 

from data storage to cancer treatment. For these applications, 
MNPs must have a uniform size and shape so that they have a 
uniform magnetic behavior. Making thin-films of MNPs for 
data storage usually requires costly, energy intensive 
processes. Biotemplating proteins and peptides form specific 
crystallographic phases of uniform nanoparticles under mild 
reaction conditions in vivo and in vitro.[1, 2] Here I will 
discuss recent work in which we showed that the 
biomineralization protein Mms6 from a magnetic bacterium 
was able to biotemplate high quality magnetite nanoparticles 
onto a patterned surface.[3, 4] This was the first time that 
magnetic materials have been biotemplated onto surfaces. As 
magnetite has a low coercivity, it’s magnetization is easy to 
switch, so we have been using a dual affinity peptide (Ac-
HPPMNASHPHMH-GSG-KTHEIHSPLLHK-Am) to both 
bind to a silicon surface and biotemplate the formation of CoPt 
in situ.[5] We are optimising the formation of the L10 phase of 
CoPt, which has a high out of plain magnetic anisotropy, so 
this can be used in data recording. These bioinspired 
approaches, will allow us to form technologically relevant 
magnetic materials using green chemistry. 

 
 
 
 
[1] Galloway, Bramble & Staniland (2013), Chem Eur J 19, 
8710-8725 [2] Galloway & Staniland (2012), J. Mater. Chem. 
22, 12423-12434 [3] Galloway, Bramble, Rawlings, Burnell, 
Evans & Staniland (2012), Small 8, 204-208 [4] Galloway, 
Bramble, Rawlings, Burnell, Evans & Staniland (2012), J. 
Nano Res. 17, 127-146 [5] Galloway, Bird, Bramble, 
Critchley, Staniland (2013) MRS Spring 1569, LL02-LL11 
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Natural garnets are used as gemstones since Ages. Also 

used as historical symbols, they are part of legends in all 
countries. Of bright colors and clear transparency, this mineral 
has attracted a large number of jewelers, mineral collectors, 
artists, but also painters, since the dawn of time. Even in 
architecture and sculpture are found adornments made of 
garnets.  

On an archeological point of view, the hardness of this 
mineral has protected historical garnets as it enhances the 
resistance to alteration. Thus, this gemstone can travel through 
time without noticeable weathering and can be used to trace 
ancient trading routes and understand the origin and nature of 
garnet used in ornaments. 

Garnet gemstones are remarkable by their colors and 
shades from green to orange and red. Naturally multi-faceted, 
these quite complex minerals form wide solid-solutions with 
each other and captivate people with their incomparable range 
of colors which are largely controlled by the crystal chemistry 
of substituted transition elements. The variations of colors and 
hues of garnets are related to the presence of coloring agents 
such as Fe, Mn, Cr, V, Ti substituted in the structure of garnet 
solid-solutions between various end-members A3B2(SiO4). 
Spectroscopic techniques demonstrate how the nature and 
concentration of these cations explain the color variation.  

This presentation will emphasize some aspects of garnets 
as important cultural heritage and discuss the crystalchemical 
factors that produce the myriad colors of this fascinating 
mineral supergroup.  
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The atmosphere is a small reservoir of carbon compared to 
rocks, the biosphere and the ocean. As such, its size is sensitive 
to small imbalance of C exchange with and between larger 
reservoirs. Over long timescales, the continental biosphere is 
mostly at equilibrium with the atmosphere, most of the net 
photosynthetic primary production being quickly returned to 
the atmosphere via respiration. However, rivers deliver 
particulate organic carbon (OC) from continental to oceanic 
reservoirs, where OC can be buried and stored over long 
timescales. This “leak” of biospheric carbon away from the 
biosphere-atmosphere loop represents a net sequestration of 
atmospheric C. Rivers also transfer OC from the rock reservoir 
(petrogenic C) to marine sediments, thereby transferring C 
between two reservoirs disconnected from the atmosphere. 
During this transfer, oxidation of petrogenic C represents 
another “leak’’ of C, in this case towards the atmosphere. 
Riverine export of OC to the ocean thus fundamentally affects 
the atmospheric C inventory, over both long and short 
timescales. Nevertheless, global riverine OC export to and 
burial in marine sediments has heretofore remained poorly 
constrained and the respective fluxes of biospheric and 
petrogenic C have simply been unknown. Even more 
importantly, the mechanisms controlling OC export and burial 
have remained poorly defined, impeding our ability to make 
quantitative predictions of OC fluxes under forcing scenarios. 
Based on bulk, ramped-pyrolysis and molecular level 14C 
dating of OC in modern river sediments as well as in marine 
sedimentary sequences, we present: 1) an evaluation of the 
global delivery of petrogenic and biospheric OC to the ocean 
and, 2) a characterization of the dominant drivers of petrogenic 
and biospheric OC delivery to marine sediments. 
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The ophiolitic serpentinites in the Wadi Igla area, south 

Eastern Desert of Egypt, represent a part of the widely 
distributed dismembered Neoproterozoic ophiolites of the 
Arabian-Nubian Shield (ANS) that formed in arc stage in 
different tectonic setting. Thus they might subject to exchange 
with the crustal material derived from recycling subducting 
oceanic lithosphere. This caused metasomatism enriching the 
rocks in incompatible elements and forming non-residual 
minerals. On the basis of mineral chemical and geochemical 
data, we present new evidences of metasomatic signatures in 
Wadi Igla serpentinites. 

These rocks have harzburgite composition. Based on the 
Cr# and Mg# of the unaltered spinel cores, all rocks formed in 
oceanic mantle wedge in the fore-arc setting. These rocks are 
restites formed after partial melting between 23.06-24 %. Melt 
extraction occurred mainly under oxidizing conditions except a 
few samples under reducing conditions. 

As all the studied rocks do not contain metasomatic phases, 
but the metasomatism is presented only in variable enrichment 
of the incompatible elements in composition of the forming 
minerals or whole-rock composition, thus it is concluded that 
the mantle reservoir rocks in the area of study underwent 
cryptic rather than modal metasomatism. In addition, the TiO2 
spinel is positively correlated with the TiO2 whole-rock, 
proposing enrichment by the infiltration of Ti-rich melts. 

 The studied rocks are enriched LREE, FMEs and HFSEs. 
This took place mostly by different agents. As the H2O-rich 
liquid, which seems to have been produced from the 
subducting oceanic slab percolating peridotites, gradually loses 
trace elements, the HFSEs are fractionated from LILEs and 
REEs. This could explain the high ratios of (Nb/La)N and 
(Nb/Ba)N of the studied rocks. All the studied serpentinites 
have subchonddritic ratios of Nb/Ta (0.30-10.28) and Zr/ Hf 
(3.37-27.65). It is suggested that Nb did not fractionate from 
Ta and Zr from Hf. There are might be silicate melts enriched 
the peridotites in Ta rather than Nb causing a much great 
decrease in the Nb/Ta ratio. This melt/fluid might have been 
derived from recycled subducted oceanic crust or from hot 
asthenosphere. Concentrations of U in all the studied samples 
are positively correlated with LILEs, Pb and Mo, indicating 
that the studied serpentinites were enriched in these elements 
from the same fluids, most probably derived from subducted 
oceanic lithosphere. Positive anomalies of Li, U, Mo and Pb 
are characteristics of hydrothermally altered ocean-floor 
peridotites. High Sr/Nd ratios may be typical of the hydrous 
metasomatism caused by hydrous melt/fluid.  
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Leaf wax n-alkanes are long chained hydrocarbons 

produced by terrestrial plants. Their hydrogen isotope ratios 
(δ2H) have been used as a proxy for environmental and plant 
ecophysylogical processes. Calibration studies designed to 
resolve the mechanisms that determine the δ2H values of n-
alkanes have exclusevily focused on n-alkanes derrived from 
leaves. It is therefore unclear in which quantities- n-alkanes are 
produced also by other plant organs such as roots or 
inflorescences. Moreover, there is insufficient information on 
the variability of n-alkane δ2H values in different plant organs.  

To test these open questions, we sampled a total of 14 
species of European C3 grasses in a temperate and an alpine 
grassland in Switzerland. The sampling period was in the 
spring-summer seasons to assure the presence af 5 main 
organs: Leaves, sheaths, stems, inflorescences and roots. Our 
data show similar n-alkane concentrations of leaves, stems and 
sheaths of the prevalent alkanes C29 and C31. In contrast, 
inflorescence had much higher of n-alkane concentrations than 
leaves and stems while roots had very low n-alkane 
concentrations. The δ2H values of leaves, sheaths and stems 
were slightly depleted compared to the overall mean δ2H 
values of a species. Most interestingly, however, 
inflorescences and roots show significantly more enriched δ2H 
values compared to n-alkane δ2H values of the other plant 
organs. The patterns we found were consistant for grasses from 
the temperate and the alpine site. Variable n-alkane δ2H values 
in different plant organs could be the result of diferent 
deuterium enrichment of biosynthetic water or differences in 
biosynthetic fractination. 

Our study brings new insights into the natural variability of 
n-alkane δ2H values and has implications for the interpretation 
of n-alkanes in paleohydrological research. 
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Leaf wax n-alkanes are long-chained hydrocarbons that are 

synthesized in the leaf cuticle of terrestrial plants. They are 
highly persistent in the environment for timescales of millions 
of years. Their δ2H values are used as a powerful proxy to 
reconstruct past environments (e.g. hydrological cycle) and 
also as novel tool to understand plant physiological processes, 
especially plant-water relationships. Although there is growing 
consensus that leaf water δ2H values influence the δ2H values 
of leaf wax n-alkanes the magnitude of this effects, in 
particular for grasses remains unclear. 

We will present the results of a study where we specifically 
tested the effects of leaf 2H enrichment on leaf wax n-alkane 
δ2H values.  

The experiments were conducted in climate-controlled 
growth chambers. We found that leaf water 2H-enrichment had 
a strong effect on the leaf wax n-alkane δ2H values of both C3 
and C4 grasses, where 50% and 30% of the leaf water 2H 
enrichment was found in the n-alkanes of C3 and C4 grasses, 
respectively. We found a large variability of this effect within 
both, C3 and C4 species. We hypothesize that this variability 
can be attributed to two physiological processes: (1) 
Evapotranspiration could affect the contribution of the source 
water δ2H to the leaf water pool. (2) A regeneration of n-
alkanes after leaf maturity would imply that leaf wax n-alkane 
δ2H values integrate plant-water relations for entire leaf growth 
seasons. Our data have important implications for the 
mechanistic interpretation of leaf wax n-alkane δ2H values. 
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Reliably preserved REE signatures and strontium isotope 

signatures in ancient sedimentary provide clues to the 
evolution of paleoenvironmental conditions. The possibility of 
a Paleogene transgression in eastern China, which has been 
discussed for more than 20 years, is still an unresolved issue. 
In this study, REE characteristics, strontium isotopes, and 
associated petrological characteristics of carbonates from two 
wells in the Shahejie carbonates in the Qikou depression were 
analyzed to investigate the possibility of a Paleogene 
transgression and to quantify the post-depositional processes 
affecting the carbonates. 

REE and Y concentrations, and 87Sr/86Sr ratios were 
analyzed in 33 carbonate samples from study area. The REE 
and Y concentrations were normalized to the post-Archean 
Australian shale (PAAS) standard. The La*PAAS/Yb*PAAS ratios 
of 0.35–1.52, where *PAAS indicates values for the PAAS 
standard, show light REE enrichment and heavy REE depletion 
in most samples. Values of La*PAAS (0.775–1.284) and Ce*PAAS 
(0.822–1.224), coupled with a relatively flat REE distribution, 
indicate that the Shahejie carbonates were deposited in 
lacustrine environments. Values of Y anomalies (1.009–1.527) 
and Y/Ho ratios (28.43–45.00) in the Shahejie Formation are 
greater than those of lacustrine carbonates and closer to those 
of marine carbonates, indicating that diagenetic fluids were 
probably influenced by seawater. In the carbonates from well 
Kou-42, Eu anomalies (1.171–1.604), 87Sr/86Sr ratios 
(0.708001–0.710893), and high homogenization temperatures 
(104°C–151°C) suggest that the carbonates were affected by 
hydrothermal fluids.  

The REEs and Sr isotope ratios show that the carbonates 
from the Shahejie Formation in the Qikou depression were 
deposited in lacustrine environments, and were influenced by 
seawater and hydrothermal fluids. During the Eocene–
Oligocene transition, global sea level was generally falling; 
however, a brief period of worldwide increase in temperature 
in the early Oligocene caused a rapid sea-level rise. 

 
This research was financially supported by the Natural 

Science Foundation of China (41272075) and the National Key 
Basic Research Program of China (Grant 2013CB429803). 
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A combined study of whole-rock major-trace elements and 

Sr-Nd isotopes, zircon U-Pb ages, Lu-Hf and O isotopes was 
carried out for Triassic granites from the Nanling Range in 
South China. The results provide insights into the effect of 
partial melting on the geochemical compositions of granites. 
These Triassic granites exhibit large variations in both major 
and trace element compositions with SiO2 contents from 62.28 
to 76.92 wt.%, A/CNK ratios from 1.05 to 1.43, and 
Zr+Nb+Ce+Y contents from 145 to 708 ppm, covering a 
geochemical spectrum of common granites from S-type to 
possible I-type and A-type. Although only part of them are 
peraluminous to strongly peraluminous, all of them exhibit 
high zircon δ18O values of 8.4 to 10.6‰, indicating their 
derivation from partial melting of sedimentary rocks and thus 
unambiguously S-type affinity. Despite a large range in 
(87Sr/86Sr)i ratios from 0.7060 to 0.7246, these granites exhibit 
limited ranges in whole-rock εNd(t) values of -11.55 to -9.35 
and zircon εHf(t) values of -12.2 to -5.4, indicating their 
origination from the ancient crust. While these O-Sr-Nd 
isotope compositions do not change with SiO2 contents, such 
variables as MgO+FeOT, A/CNK, CaO/Na2O, P2O5, δEu, 
LREE, Zr and Th change regularly with Al2O3/TiO2 ratios.  

Based on experimental data from partial melting of crustal 
rocks that the Al2O3/TiO2 ratios of granitic melts are negatively 
correlated with melting temperatures at common crustal 
pressures, the Al2O3/TiO2 ratios are used as a proxy for the 
melting temperatures. As such, the variable element contents 
but the similar isotope compositions for the Nanling granites 
can be accounted for by partial melting of a common source 
composed of sedimentary rocks at different temperatures. Thus, 
partial melting of the sedimentary rocks at lower temperatures 
would firstly produce the peraluminous to strongly 
peraluminous S-type granites. With increasing the melting 
temperature, restites after extracting the S-type granitic melts 
would become partially melted. This gives rise to the 
metaluminous granites of I-type affinity on the one hand and 
the high Zr+Nb+Ce+Y granites of A-type affinity on the other 
hand, but the O-Nd-Hf isotope compositions of these granites 
are still similar to those of peraluminous S-type granites. 
Therefore, the progress of partial melting with temperature 
plays a key role in the variations of geochemical composition 
in these granites. 
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Authigenic minerals in surface sediments in modern salt 

lakes of the Hoh Xil area, China were studied by XRD, XRF, 
SEM and TEM. The results show in alkaline and reducing 
conditions of the lakes (pH from 8.3 to 9.63, Eh from -143 to -
70), the formation of authigenic clays was influenced by 
salinity and alkalinity, and the critical values are 15g/l and 
30mmol/l, respectively. The quantity of authigenic clays is 
relative small, and they occur as aggregates of fine fiberous 
crystals, which are different from the more abundant detrital 
clays with relatively large particles and irregular shape, as 
observed by TEM. Chemical composition and the lattice 
images of the fiberous crystals confirm that the mineral phases 
are chlorite and illite (Fig.1a, 1b). Furthermore, a small amount 
of authigenic calcite appear in approximately cubic shape 
(Fig.2a) with the chemical compositions of Ca, O and C by 
SEM and EDS. The existence of calcite is consistent with 
alkaline water environment of the lakes. Also, there are some 
diatoms (Fig.2b) and mycelium around the calcite and clay 
minerals, indicating the formation of authigenic minerals also 
be related to bacterial action.  

 
 
 
 
 

 
 

Fig. 1 Lattice images of authigenic clay minerals 
 

Fig. 2 Authigenic calcite, bacterial secretions (a) and diatoms 
(b) 
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Rutile and zircon U-Pb ages and trace elements were 

determined by the LA-(MC)-ICPMS technique for ultrahigh-
pressure (UHP) metamorphic quartzite in the Sulu orogen. The 
results provide insights into the effect of metamorphic fluid on 
element transport in continental subduction factory. Rutile U-
Pb dating yields a concordant age of 205 ± 2 Ma, whereas U-
Pb dating of coexisting zircon gives two groups of concordant 
ages at 243±4 Ma and 223±3 Ma, respectively. The Zr-in-rutile 
thermometry yields temperatures of 600-640°C, and the 
diffusion of radiogenic Pb in the rutile is estimated to have the 
closure temperatures of 600-650°C. Although the rutile U-Pb 
age is significantly younger than the younger group of zircon 
U-Pb ages, the consistency in the two kinds of temperatures 
indicates that the rutile U-Pb age has dated its growth rather 
than slow cooling during exhumation and thus the termination 
of amphibolite-facies retrogression.  

Core-rim profile analyses across a large rutile grain (~15 
mm in diameter) yield remarkable trace element zoning, with 
much lower contents of HFSE such as Nb, Ta, Sb and W but 
significantly higher U contents in the core than in the rim. The 
variations in HFSE are ascribed to growth zoning rather than 
diffusion resetting. In this regard, the rutile may have grown in 
two metamorphic stages that exhibit variable caompatibilities 
of trace elements with respect to the property of metamorphic 
fluid. The significant enrichment of HFSE in the rutile rim 
suggests its overgrowth from the metamorphic fluid that is 
locally enriched in Nb, Ta, Sb and W and thus interpreted as 
the product of phase separation from a supercritical fluid into 
aqueous fluid and hydrous melt during the exhumation.The 
occurrence of suprachondritic Nb/Ta ratios for the rutile 
suggests that eclogite-facies rocks left behind metamorphic 
dehydration during the retrograde exhumation tend to exhibit 
subchondritic Nb/Ta ratios. This differs from eclogites left 
behind metamorphic dehydration during the prograde 
subduction, which tend to exhibit suprachondritic Nb/Ta ratios 
in complementary to the subchondritic Nb/Ta ratios for the 
continental crust.  
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Geochemical monitoring results of gas characterization 

combined with CO2-carbon isotopes and noble gas analyses are 
presented. This work marks a novel approach to the CO2 
monitoring strategy envisaged in a CCS project. This 
methodology and results obtained attempt to better understand 
the dynamic between the gas field, the aquifer, the surface and 
the atmosphere, in order to detect any eventual leakage of the 
injected CO2 from the reservoir to the near surface [1]. 

Results show that the bulk gas compositions of the Rousse 
gas are comparable to the Lacq fuel gas with methane as the 
main compound with residual C2-C5 and CO2. Soil gases are 
typical mixtures of air with biogenic CO2 (up to 9-10%), while 
the monitoring well gases display typical air compositions with 
no excess CO2. The Rousse gas and the Lacq fuel gas have 
δ13CCH4 values of -41‰ and -43‰ respectively. The injected 
CO2 out of the oxycombustion chamber has a δ13CCO2 of -40‰ 
whereas δ 13CCO2 value for soils samples is comprised between 
-15 and -25‰. The Rousse natural gas and the Lacq fuel gas 
are both characterized by a high He enrichment, and depletion 
in Ne, Ar and Kr compared to the air values. The oxyfuel 
combustion process provides a CO2 with the He enrichment of 
the Lacq fuel gas, and a Ne, Ar and Kr composition reflecting 
that of the oxygen produced at the Air separation Unit (ASU). 
Indeed, Ne is depleted relatively to the air, while Kr is enriched 
up to tenfold, which results from the cryogenic separation of 
the air noble gases within the ASU. Soil samples are 
equivalent to that of the air. 

In the light of these results, the composition of the various 
end-members involved in this CO2 storage pilot suggest that 
noble gas compositions produced by oxyfuel process are 
sufficiently exotic to be directly used as tracers of the injected 
CO2, in order to detect and quantify any potential leak at soil 
and aquifer levels. 

 
[1] B. Garcia et al (2012) OGST, 67, 341-353 
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Rejuvenated volcanism is among the least understood and 

most controversial aspects of oceanic island volcanism. In 
Hawaii, it occurs hundreds of kilometers downstream from the 
ascending mantle plume stem after a 0.5 to 2 Myr hiatus in 
eruptive activity. Rejuvenated lavas are geochemically distinct 
(isotopically depleted but enriched in incompatible elements) 
compared to those from the underlying shield. The depleted 
source for rejuvenated lavas is thought to be part of the 
Hawaiian mantle plume (1-3). Controversy continues 
regarding the source lithology (peridotite vs. pyroxenite), depth 
of melting (3-5 GPa) and the geodynamic cause for widespread 
coeval rejuvenated magmatism. Two new models offer 
alternative explanations that can be evaluated using olivine 
composition from age dated samples. The small-scale 
convection model (4) advocates a dramatic temporal variation 
in pyroxenite component (0 to 60%) at moderate depths during 
the the 0.7 to 2.5 Myr of rejuvenated volcanism. Alternatively, 
rejuvenated volcanism may be related to melting a previously 
unmelted, chemically distinct peridotite source derived from a 
thermal boundary layer at the base of the mantle at 5 GPa (5). 
Preliminary results for olivines from rejuvenated lavas from 
the South Kauai Swell show no temporal increase in the 
pyroxenite component. The olivine results are consistent with 
melting at moderate pressures of a peridotitic source [6] that 
may be derived from a deep mantle thermal boundary layer. 
Additional results will be presented for the larger and well 
dated Koloa (Kauai) and Honolulu (Oahu) suites of 
rejuvenated lavas. 
 
[1] Frey et al (2005) Geochem. Geophys. Geosyst. 6, doi: 
2004GC000757 [2] Fekiacova et al (2007) Earth Planet. Sci. 
Lett. 261, 65-83 [3] Garcia et al (2010) J. Petrol. 51, 1507-
1540 [4] Ballmer et al (2011) Nature Geosci. 4, 457-60 [5] 
Hofmann & Farentani (2013) Geochem. Geophys. Geosyst. 
doi:10.1002/2013GC004942 [6] Matzen et al (2013) J. Petrol. 
54, 2521-45 
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The present study investigates the chemical composition of 

wet atmospheric precipitation samples on a daily and an intra-
event timescales in Taxco-Alarcón, an experimental 
meteorological station located near Taxco-Alarcón, Guerrero, 
Mexico. The samples have been collected from November 
2012 to October 2013. Three sites were selected to measure 
Hg, and the major inorganic ions SO4 2-, NO3 -, Cl-, Ca2+, Mg2+ 
K+, Na+, NH4

+, PO4 3−, HCO3
 – A total of 77 rainwater samples, 

integrated for 24 h, were collected and analyzed for The 
composition of the rainwater collected appeared to be 
controlled by the following potential sources: neutralization 
process (association among calcium, ammonium with nitrate 
and sulphate), marine and terrestrial sources. In order to 
determine the role of long-range transport, the integrated 
events were classified according to four origins of air-masses: 
(1) West, (2) North and East, (3) South and (4) Acapulco. 
Using the Weather Research and Forecasting model with 
Chemistry (WRF-Chem), we explored the impacts of nonlocal 
aerosol plumes transported at three different altitudes on a 
summertime convective system developed in two sites (Taxco 
and Acapulco). Idealized aerosol plumes from forest fire and 
volcano emissions, which are known to frequently be 
transported in this region, were prescribed at three separate 
altitudes on the upstream boundary of WRF-Chem. This 
analysis allows identifying the source areas of the different 
association of elements defined. Although calcium is always 
dominant, total content of rainfall is variable and neutralization 
process can be more or less efficient and specific. Rainout 
(long-range transport) and washout (below-cloud scavenging) 
were investigated through intra-event measurements of 
chemical species. Four rain-events have been selected 
according to the four classes of origins of air-masses. It 
appears that the first fractions are responsible for an important 
part of the chemical content of the whole event. 
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We have calibrated the pressure-modified Avramov-

Senkov-and Miracle (ASM) viscosity model for albite liquid 
up to 7 GPa and 2000 K. Essential for this model of viscosity 
(η) are constraints on the pressure dependence of the glass 
transition temperature [Tg = f(P)] and the temperature 
dependence of viscosity in the limit of Tg – known as the 
fragility index (m). We have determined Tg at high pressure by 
tracking the progress of densification during high-temperature 
annealing for run durations of ~five (5) times the characteristic 
timescale for structural relaxation. Tg decreases by ~53 K/GPa 
to 2.6 GPa, and thereafter shows a weakly negative pressure 
dependence approaching zero. We combine these constraints 
with Tg and m at 1 atm, and use high-pressure, high-
temperature viscosity data to quantify the magnitude of m as a 
function of P. The fragility index m remains within uncertainty 
of the 1 atm value to ~2.6 GPa and increases exponentially 
from 2.6 to 7 GPa. Our treatment provides a continuous 
description of the viscosity of albite liquid from the glass 
transition temperature to ~2000 K and up to 7 GPa, in which 
the viscosity of albite liquid at low temperature approaches a 
plateau value (mirroring the change in Tg with pressure), while 
viscosity at high temperature continues to decrease steeply up 
to ~7 GPa, without a change in the sign (negative to positive) 
of the pressure dependence. Recognizing this temperature 
dependence on pressure dependence of viscosity helps to 
reconcile the difference in experimental viscosity 
measurements and predictions from MD simulations 
performed at considerable higher temperatures. The success of 
ASM model applied to albite liquid supports broader 
applicability to naturally occurring silicate liquids – however, 
success will require new experimental constraints on the glass 
transition at high pressure.  
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Fe(III) minerals absorb UV light effectively but most of 

them still transmit visible light, e.g. the Fe(III) oxy-hydroxide 
ferrihydrite (Fe10O14(OH)2) [1]. Consequently, the encrustation 
of nitrate-reducing Fe(II)-oxidizing bacteria or the close 
association of photoferrotrophs with such Fe(III) minerals 
could serve as protection against UV light, which otherwise 
causes damage to the cells’ DNA. Additionally, silicification 
of cells was hypothesized to be an effective protection against 
intermittent dehydration events [2]; this could be true in a 
similar fashion for iron mineral crusts. Thus, in this project we 
investigate whether iron biomineralization and close 
association of cells with Fe(III) minerals could serve as an UV 
light screen or/and a desiccation protection for Fe(II)-oxidizing 
bacteria. 

After exposure to UV light or dehydration, the viability of 
Fe(II)-oxidizing cells is determined by quantifying colony 
forming units (CFUs), microscopic dead/live staining and iron 
oxidation/nitrate reduction rates. To quantify biological effects 
of UV radiation different cellular indicators of oxidative stress 
(lipid peroxidation, DNA strand breakage, protein oxidation, 
generation of reactive oxygen species) are used. By 
comparison of the viability of cells with or without 
UV/dehydration treatment we assess if Fe(III) minerals can 
protect Fe(II)-oxidizing bacteria from UV radiation or 
desiccation. 
 
[1] Bishop, et al (2006) International Journal of Astrobiology 
5: 1 [2] Phoenix & Konhauser (2008) Geobiology 6: 303-308 
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Fluid circulations are investigated in the HP-LT (450-
500°C, ca. 21 kbar) Tavsanli zone of west-central Turkey. 
Fluid exchanges between contrasting lithologies are 
characterised by bulk-rock and in- situ oxygen isotope analysis 
of zoned minerals. 

The Halilbagi unit consists of omphacite-  
and glaucophane-dominated rocks alternating with 
metasedimentary phengite- and quartz-rich layers at a 100m to 
100μm scale and thicker abundant marbles, ultramafic lenses 
are also present. Most minerals are zoned in major and trace 
elements, garnet and lawsonite in some rocks have oscillatory 
patterns (Mn in garnet; Cr in lawsonite). 

Bulk rock oxygen isotope compositions obtained by laser 
fluorination are combined with in-situ data from garnet, apatite 
and zircon measured using SHRIMP ion microprobes. Overall, 
metabasites record high δ18OVSMOW signatures (10-15‰), which 
suggests isotopic interaction with fluids that equilibrated with 
sediments. In a few samples, garnet, apatite and zircon record a 
core to rim δ18O increase of up to 5‰, indicating external fluid 
influx from metasediments during subduction. 

 
Figure 1: BSE image of a zoned eclogitic garnet with single 
spot matrix-corrected δ18OVSMOW analyses in ‰. 
 

Oxygen isotope data are combined with classical 
petrology, trace-elements and U-Pb dating to determine the P-
T-t framework of these fluid exchanges (seafloor alteration, 
syn-subduction or exhumation-related dehydration). 
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Several approaches have been taken in determining 

fractionation coeffcients for oxygen isotopes in rock-forming 
minerals. Theoretical coefficient are derived from mineral 
bond-strength models, over a virtually infinite P-T range. On 
the other hand, experiments allow equilibrating different 
minerals either in hydrothermal conditions or in higher-
temperature and pressure dry experiments. The P-T range at 
which most of the crust sits and most metamorphic processes 
happen is not easily accessible experimentally, and is better 
approached by the study of natural samples. The latter relies 
heavily on the assumption of equilibrium between phases. 

A historic approach is to separate minerals and measure 
their oxygen isotope composition by bulk analysis techniques 
such as laser-fluorination, with a good precision (down to 0.1 
permil). However, in recent years, improved matrix-correction 
routines allow for ion microprobe reproducibility around 0.3-
0.5 permil on a number of minerals, which makes it suitable 
for fractionation studies. In situ methods provide a great 
advantage in a petrological context as they allow not only 
smaller sample sizes (e.g. accessory minerals) but also to 
measure minerals -and mineral zones- in textural equilibrium. 
The equilibrium hypothesis can be tested using trace elements 
or geochronology on the same spots. 

Oxygen isotopes were measured in garnet, zircon and 
monazite of the Dora Maira whiteschists in the Western Alps. 
Rare-earth elements indicate equilibrium between zircon rims, 
monazite and garnet in 4 samples. Obtained fractionation for 
zircon-garnet and zircon-monazite are of 1 permil and 0 permil 
respectively at around 700°C, 25 to 45 kbar. This study also 
allowed for the determination of a two-step matrix effect 
correction scheme for the analysis of monazite with SHRIMP, 
which may improve accuracy over the yield-dependent laser 
fluorination method on the same mineral.  

A further case study on low-temperature (400-500°C, 20 
kbar) eclogites and metasediments from the Tavsanli zone in 
Turkey will provide results for garnet-apatite as well as garnet-
lawsonite and garnet-zircon oxygen isotope fractionation. 
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Ice cores provide an opportunity to reconstruct a history of 
Earth’s volcanic activity. Many attempts have been made in 
the past to build a robust volcanic climate forcing model based 
on the ice records, but the robustness of this model depends on 
discriminating between large distant eruptions and closer, 
smaller eruptions.  

We use non-zero Δ33S of ice-core sulfate as a proxy for [4] 
stratospheric volcanic eruptions. SO2 emitted by these events 
can be mass-independent fractionated (Δ33S≠0) during 
photolysis reactions in the stratosphere [1], [2], [3], [4]). The 
signal, recorded in aerosol sulfate, is preserved in ice cores. 
The sulfur anomaly allows identification of eruptions very 
likely to be stratospheric, with potential climatic impact, 
regardless to the ice core location, the age or the magnitude of 
the recorded event. 

In 2010-2011, five 100m-long ice cores from Dome C, 
Antarctica, were collected to reconstruct the history of 
volcanism over the last 2500 years. Assumed volcanic events 
have already been identified through sulfate concentration 
measurements in the field, and located on the cores. We used 
an algorithm for the peak detection, and 51 potential volcanic 
events were identified. Snow and ice containing specific 
volcanic events have been isolated, decontaminated, melted, 
concentrated and extracted using ion exchange methods. Each 
presumed volcanic event has been subdivided in 5 fractions at 
least, in order to differentiate the back-ground isotopic signal 
from the sulfate peak. The peak itself has been divided into 
three portions. The Δ33S is expected to vary between the 
begining of deposition (Δ33S > 0) and the end (Δ33S < 0).  
 
[1] Farquhar et al (2001), J. Geophys. Res. 106, 32829-32839 
[2] Savarino et al (2003), J. Geophys. Res. 108(D21), 4671 [3] 
Baroni et al (2008), J. Geophys. Res. 113(D20), 1–12 [4] 
Baroni et al (2007), Sciences 315, 84-87 
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Central Washington is an agricultural region in the 

rainshadow of the Cascade Mountains where water availability 
is limited and issues of both groundwater quality and 
groundwater mining exist. Geochemical studies of 
groundwater from three areas in central Washington present 
contrasting stories of water use and groundwater/surface water 
interactions. 

Most of central Washington lies within the Columbia River 
Basalt Province, regionally extensive basalt flows interbedded 
with sedimentary layers that serve as the main water-bearing 
units. The Columbia River Basalts extend to approximately 80 
km east of the Cascade crest; west of this terminus, the 
hydrogeologic framework is a complex geometry of older 
bedrock, in which fractures likely control much of the 
groundwater flow.  

The three study areas presented here are: 1) upper Kittitas 
county, located in the fractured bedrock adjacent to the 
Cascade crest, where water is limited due to aquifer 
transmissivities but agricultural water demands are low; 2) the 
Ellensburg area, a sedimentary basin in a basalt syncline, 
where irrigation is primarily accomplished using surface water; 
3) the Royal Slope region to the east of the Columbia River, 
where extensive irrigation is accomplished using groundwater 
drawn largely from basalt aquifers as well as surface water. A 
variety of geochemical techniques, (major ion, trace element, 
stable isotope, and Sr isotope analyses) were combined with 
principal component analysis to decipher different 
groundwater types and their connectivity with surface water in 
these study areas. Stable isotope analyses generally 
differentiate three types of water in central Washington: 1) 
groundwaters that are heavily influenced by irrigation water, 
often with elevated nitrate concentrations; 2) shallow 
groundwater that is isotopically distinct from irrigation water; 
3) ancient groundwater that is isotopically lighter than modern 
waters, usually found in the deeper basalt aquifers. 
Groundwater geochemistry and patterns of 
groundwater/surface water interactions depend on aquifer 
lithologies, characteristics, and depths; groundwater residence 
times; geologic structures and fracture orientations; and timing 
and source of irrigation water. 
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The anaerobic oxidation of methane (AOM) which is a 

significant process in the global carbon cycle is mediated by 
methane oxidizing archaeal in consortium with sulphate 
reducing bacteria in marine environments. At modern cold 
seeps, the presence of AOM communities was demonstrated 
by specific 13C-depleted lipids which tend to be well preserved 
in seep carbonates. 

Cold seep carbonates recovered at different water depth in 
the northern South China Sea were the products of anaerobic 
oxidation of methane (AOM). Lipid biomarkers and their 
stable carbon isotopic compositions of seep carbonates were 
analyzed in this study. Distinct AOM communities are 
indicated by highly 13C depleted archaeal biomarkers and 
bacterial biomarkers.  

Differences of AOM communities between the carbonates 
indicated by specific lipid patterns appear to be caused by the 
respective biogeochemistry settings. High-Mg calcite 
carbonates are dominated by ANME-1 archaea, revealing the 
precipitation at relatively low methane fluxes. ANME-2 
consortia mediating the precipitation of aragonite carbonates 
and dolomite chimneys appear to prosper at sites of high 
methane supply.  

 
This research is funded by the National Science 

Foundation of China (Grant No. 41203021) and the Jiangsu 
Postdoctoral Sustentation Fund, China (Grant No. 1201061C) 
and the National Postdoctoral Foundation of China (Grant No. 
2013M530231) and the State Key Laboratory for Mineral 
Deposits Research Fund of China (Grant No. 17-1112-2). 
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Behavior of actinides in aquifer systems is significantly 
influenced by mineral-water interface reactions. Central to 
sorption modeling approaches to describe such reactions is the 
assumption of molecular entities of well defined structure 
forming at mineral surfaces.  

Over the last years our insight into actual surface 
speciation and sorption processes has significantly widened by 
combining batch sorption experiments and geochemical 
modeling with state-of-the-art spectroscopic and quantum 
chemistry approaches [1]. Respective studies reveal that even 
at well defined mineral surfaces, inner-sphere sorbed actinide 
ions very often cannot be attributed to just one single well 
defined molecular structure. Spectroscopic and theoretical 
studies reveal that the actinide ion is rather located in various 
slightly variable ligand field environments (see e.g.[2]).  

Reduction of redox sensitive actinide ions (U, Pu, Np) to 
poorly soluble species is well known at the reducing conditions 
of subsurface aquifers. Recent experimental studies show that 
reduction of Np(V) can also be thermodynamically favoured in 
solutions at relatively high Eh. Fe(II) fixed in the structure of 
e.g. clay minerals apparently accelerates reactions by surface 
induced reduction [3].  

Beside formation of pure surface species, incorporation 
into mineral structures appears to be a common reaction for 
radionuclides with a variety of minerals (e.g. calcite, calcium 
silicate hydrates etc.). While spectroscopic evidences for such 
type of reactions (surface solid-solution formation, 
entrapment) are available, the exact quantification for given 
geochemical conditions remains a challenge. This, however, is 
a prerequisite to assess the relevance of such reactions.  

The talk will describe recent achievements in elucidating 
sorption reactions and discuss open questions.  
 
[1] Geckeis, H., Lützenkirchen, J., Polly, R., Rabung, Th., 
Schmidt, M. (2013), Chem. Rev. 113, 1016-1062 [2] Polly, R., 
Schimmelpfennig, B., Rabung, T., Flörsheimer, M., Klenze, 
R., Geckeis, H. (2010), Radiochim. Acta, 98, 627-634 [3] 
Marsac, R., Banik, N., et al (2014), in preparation 
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We report a simple and innovative route for the synthesis 

of high-purity 12C-enriched nanosized calcite particles (called: 
12C nano-calcite). The method involves the direct carbonation 
of Ca(OH)2 with high-purity 12C CO2 gas using a static bed 
reactor under anisobaric conditions (initial CO2 pressure = 20 
bar and T = 30°C). X-ray diffraction (XRD) line broadening 
and Field Emission Gun Scanning Electron Microscopy 
(FESEM) indicate a particle size of 100-200 nm. Isotopic 
characterization by Cavity Ring Down Spectroscopy (CRDS) 
confirms a highly 12C-enriched product (δ13C = -992‰ relative 
to VPDB). To the best of our knowledge this is the most 12C 
enriched synthetic calcite ever reported and opens up new 
possibilities to investigate the early diagenesis of calcite, as 
well as 12C ↔ 13C exchange dynamics at the calcite-fluid 
interface. 

Carbon exchange of the 12C nano-calcite with atmospheric 
CO2 (δ13C = -8‰) has been studied at 20 °C and 50 °C to 
determine the time for isotopic equilibration; based on current 
kinetic trajectories equilibration is predicted to occur in 9 years 
and 3 years, respectively. The rate determining process for 
calcite isotopic equilibration is thought to be the re-
precipitation step, consistent with previous studies [1], but 
much slower due to an extremely low initial nucleation area 
[2]. The driving force for equilibration is likely the higher 
Gibbs free energy of the nano-calcite due to surface energy 
effects, providing an energy of ~2 kJ mol-1, and leading to 
supersaturated conditions relative to bulk calcite. 

The assumption in paleobiological studies that calcite 
reflects aqueous isotopic compositions arising from biological 
activity may not be justified if the calcite initially precipitated 
re-equilibrates with atmospheric CO2. Such a scenario is more 
likely in the case of nano-sized calcite (high surface area) in 
contact with atmospheric equilibrated water, and while slow in 
a laboratory setting, would be extremely fast compared to 
geologic timescales. 

 
[1] Mozeto et al (1984) Geochimica et Cosmochmica Acta 48, 
495-504 [2] Reddy & Nancollas (1971) Journal of Colloid and 
Interface Science 36, 166-172 
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Significant amounts of industrially produced brominated 
organic compounds (BOCs) are used today as biocides, 
pesticides, flame retardants, etc. However, many of them have 
been shown to persist in the environment and have been 
associated with adverse health effects including cancer, 
reproductive, developmental toxicity and endocrine disruption. 
Therefore, the knowledge on their fate in the environment is of 
the utmost importance. 

 The main natural processes affecting BOCs in the 
environment include non-destructive processes such as 
volatilization and sorption, as well as destructive biotic and 
abiotic degradation.  

During the last years multi-elemental compound-specific 
isotope analysis (CSIA) has been demonstrated as a powerful 
tool for understanding the mechanistic aspects of organic 
contaminants degradation. Recent progress in Br-CSIA make 
possible a usage of two-dimensional carbon-bromine isotope 
analysis for studying isotope effects associated with BOCs 
attenuation. 

We aimed to apply C-Br CSIA for the investigation of 
BOCs degradation at the Ramat Hovav contaminated site in the 
southern Israel. During our study we performed various 
laboratory experiments simulating natural biotic and abiotic 
BOCs degradation, as well as non-destructive attenuation 
processes and investigated carbon and bromine isotope effects 
associated with them. As for today, we are trying to pass all the 
data obtained from the laboratory experiments to the field and 
estimate to what extent they can be used for BOCs degradation 
assessment.  
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Collisions During Planet Formation 

There are wide varieties of physical and chemical states 
among terrestrial planets, such as thier sizes, orbits, spin states 
(also presence of moon), the amount and composition of 
atmosphere, the presence of ocean and life etc. How have these 
varieties been built? Although the long-term evolutions on 
each planet are also important, we focus on the formation stage 
of the terrestrial planets. This is because very energetic events 
occur during the planet formation, such as the collisions among 
planetesimals [1] and protoplanets [2]. 

Especially, several tens of Mars-sized protoplanets collide 
with each other to form the terrestrial planets during the last 
stage of the terrestrial planet formation [3,4]. This stage is 
called the giant impact stage. Such energetic collisions should 
have a great influence on the various features of the terrestrial 
planets [e.g., 5-7]. 
Hybrid Code for Giant Impact Stage 

We have developed the hybrid code that can handle both 
the long-term orbital evolutions of objects (N-body code) [8] 
and the short-term collision processes of objects (SPH code) 
[9]. Here, we apply this hybrid code to the last stage of 
terrestrial planet formation and investigate the effects of giant 
impacts on the features of the terrestrial planets. 

Our hybrid code can handle histories of giant impacts such 
as change in core-mantle ratio, spin axis, spin velocity of 
protoplanets and so on. From the results of several tens of 
numerical simulations for giant impact stage, we will 
statistically discuss the basic physical characters of formed 
planets (e.g., the number, mass, and spin state of planets), and 
chemical characters (e.g., chemical and isotopic composition). 
We will also discuss the formation propability of Moon-like 
satellite and Mercury-like dense planet.  

 
[1] Benz and Asphaug (1999) Icarus 142, 5–20 [2] Tonks and 
Melosh (1992) Icarus 100, 326–346 [3] Chambers (2001) 
Icarus 152, 205–224 [4] Canup (2004) ARAA 42, 441–475 [5] 
Genda and Abe (2005) Nature 433, 842–844 [6] Hamano, Abe 
and Genda (2013) Nature 497, 607–610 [7] Benz et al (2007) 
Space Sci. Rev. 132, 189–202 [8] Kokubo and Genda (2010) 
ApJL 714, L21–L25 [9] Genda et al (2012) ApJ 744, 137(8pp) 
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Supply and Loss of Volatiles 

The Earth is the only planet to harbor life, as we know so 
far. The existence of liquid water and atmosphere has been 
thought to be essential for the emerge and evolution of life. We 
would like to review mechanisms of supply and loss of 
volatiles on the terrestrial planets, and discuss the effects of 
giant impacts on the formation of the ocean and atmosphere. 

Planets form in a protoplanetary disk composed of dust and 
gas. If the main building blocks of the Earth have no volatile, 
some mechanisms to supply or produce volatiles on the Earth 
are required to possess the ocean and atmosphere. Supply 
process of volatile-rich objects from outside the terrestrial 
planet region is highly related to the planet formation process. 
Recent planet formation theory suggests that the behavior of 
forming Jupiter have a great influence on this supply process 
[1,2].  

Loss of volatiles from planets has an influence on the 
volatile budget on the terrestrial planets. Several volatile loss 
mechanisms have been discussed, such as hydrodynamic 
escape [3], loss by giant impact [4], and so on. Loss of water 
from Venus is important to the habitability of planets. 
Cooling of Magma Ocean and Formation of Ocean 

It is generally accepted that many giant impacts occur 
during the last stage of terrestrial planet formation. The energy 
released by a giant impact is huge, and it can raise the 
temperature of the whole proto-Earth by about 5000K in 
average. Therefore, the planet should be wholly molten just 
after a giant impact. Cooling process from molten Earth is 
important to formation of the ocean and atmosphere. We have 
investigated the cooling process using coupled model of 
magma ocean, atmosphere, and space, and discussed the 
beheivior of volatiles on the Earth and Venus [5].  

Steam atmosphere formed just after the solidification of 
magma ocean rapidly cools, and the ocean forms in 1000 years 
through the intense rainfall [6]. The rain drops is very hot (~ 
300 oC) and the rain fall rate is very high (~ 500 cm/yr).  

 
[1] Morbidelli et al (2000) MPS 35, 1309–1320 [2] Walsh et al 
(2011) Nature 475, 206–209 [3] Zahnle and Walker (1982) 
RGSP 20, 280–292 [4] Genda and Abe (2005) Nature 433, 
842–844 [5] Hamano, Abe and Genda (2013) Nature 497, 
607–610 [6] Abe (1993) Lithos 30, 223-235 
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The biogeochemical cycling of cadmium (Cd) is likely to 

be an important component of the ocean’s biological pump and 
thereby global climate. Moreover, the nutrient-like distribution 
of Cd and its linear relationship with phosphate makes Cd a 
useful proxy of past nutrient utilization in the oceans. 
However, the processes controlling the distribution and uptake 
of Cd remain poorly understood.  

As a diagnostic tracer, stable isotopes of Cd have the 
potential to offer more insight about the biogeochemical 
cycling of Cd in the oceans. Additionally, Cd stable isotopes 
may in itself act as a potential proxy for the past and present 
nutrient utilisation. The limited data acquired so far shows 
considerable variability in the Cd isotopic composition 
between different regions, suggesting the influence of different 
processes including biological uptake, particle scavenging, 
atmospheric input and the mixing of different water masses. 
Further studies are therefore required to understand more about 
the marine cycling of Cd. 

The simultaneous collection of Cd isotopes using Multiple 
Collector Inductively Coupled Plasma Mass Spectrometry 
(MC-ICPMS) with double spiking protocols has increased the 
ability to measure Cd isotopic fractionation with uncertainties 
at the 0.01% level. Using these methods, we present 
measurements of Cd isotopic composition and concentration 
for water samples collected from a comprehensive suite of 
depth profiles during the GEOTRACES GP13 zonal section. 
This cruise transect extends for 5,500 km from offshore 
Australia to the remote interior of the subtropical Pacific 
Ocean. There is a strong longitudinal gradient, with respect to 
the supply of trace metal-bearing dust and phytoplankton 
biomass, along this transect, allowing the biogeochemical 
cycling of Cd, in relation to other micro- and macro-nutrients, 
to be systematically investigated across a gradation of 
changing oceanographic settings. 
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Organic-rich shales from Greenland and Norway record 
establishment of oceanic anoxia prior to the Late Permian mass 
extinction [1]. Here, we discuss paleoredox and 
paleoproductivity changes during Late Permian shale 
deposition based on new Cd isotope data, pyrite framboid 
analyses, and organic and inorganic shale geochemistry. 

The Cd content of shales, determined after inverse aqua 
regia digestion, varies between ~120 and ~5000 ng/g. The 
main sources of Cd are direct biologic contributions and 
authigenic Cd enrichments; detrital Cd is quantitatively 
insignificant. Redox-sensitive metals and Cd correlate 
positively with organic carbon and negatively with sulfur. 
These relations point to organic matter with/without micro 
sulfides, and not pyrite, as the likely host phase for metals.  

The mean cadmium isotopic composition (IC) for these 
Upper Permian shales, relative to NIST SRM 3108, is 
δ114/110Cd = +0.16 ± 0.06 ‰ (1 SD, n=12). This is isotopically 
lighter than present-day seawater Cd by ~0.14 ‰ [2], and 
similar to the IC of today’s main sources of Cd to the oceans 
[3, 4], and of modern Cd-lean suboxic sediments [5]. 
Variations in the IC between individual samples seem 
unrelated to the major changes in the Cd content, and are not 
statistically resolvable within analytical precision.  

Assuming that biologic Cd fractionation in the Late 
Permian was similar to today (light isotopes favored), our data 
imply that authigenic Cd enrichments resulted from 
preferential uptake of isotopically lighter Cd compared to 
anoxic bottom waters or accumulated plankton biomass (both 
with δ114/110Cd ~ +0.30 ‰, [2]). The relatively invariable IC of 
shales with large differences in their Cd (and TOC) contents, 
suggests that paleoproductivity did not decline with the 
expansion of Late Permian bottom water euxinia. 
 
Funding: CHRONOS & NRC Petromaks 180015/S30 projects. 
[1] Georgiev et al (2011), EPSL, 310, 389-400 [2] Ripperger et 
al (2007), EPSL, 261, 670-684 [3] Schmitt et al (2009) EPSL, 
277, 262-272 [4]; Lambelet et al (2013), EPSL, 361, 64-73 [5] 
Horner et al (2013), Min. Mag. 77 (5), 1323 
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Geochronology of petroleum systems is a coveted 
achievment for its inherent scientific and commercial value. 
Oils may have detectable quantities of Re and Os [1,2,3], 
providing potential for a radiometric clock to date different 
aspects of petroleum systems [e.g. 4].  

Here we present Re-Os data for two oils from a common 
source rock (location undisclosed). Asphaltene (ASPH) and 
maltene (MALT) fractions of each oil were separated using n-
C5, n-C6, n-C7, and n-C10 solvents. The heavier oil (26-33 
wt% ASPH) has ~230 ppb Re and ~360 ppt Os, far surpassing 
reported values in crude oils. The lighter oil (7-12 wt% ASPH) 
has ~40 ppb Re and ~280 ppt Os, at the higher end of reported 
values. By studying Re- and Os-rich oils, we can minimize 
blank corrections and improve accuracy. 

Mass balance based on Re and Os data for all fractions 
shows that most Re (~98%) and Os (~96%) in the heavy oil are 
hosted in the ASPH fraction, in agreement with earlier studies 
[2]. In the lighter oil, however, a significant portion of Re and 
Os (40% on average) is stored in the MALT fraction. 

The Re-Os isotope composition of the two crude oils is 
clearly different. Within each oil, the Re-Os isotopes of the 
crude oil and the ASPH fraction are similar. However, for both 
oils, all MALT fractions have notably lower 187Re/188Os and 
187Os/188Os ratios than their corresponding crude oils or ASPH 
counterparts. This is an important discovery, as these lower 
ratios provide needed spread in data points for a Re-Os 
isochron. Further, Re-Os data from all fractions of the heavier 
oil define a possible isochron with a geologically plausible age 
at a precision of ~1%. The maltene fractions of the lighter oil 
define a possible isochron with an age approaching that of the 
source rock, and with plausible initial Os isotopes.  

This critical discovery opens a new door. It is now possible 
to date maturation and migration of different oil fractions. This 
possibility may fundamentally impact models of petroleum 
maturation.  

 
Funding: ROAR project (Eni Norge and Eni Milano) 
[1] Barré et al (1995) Terra Abs. 7, 199 [2] Selby et al (2007) 
GCA 71, 378-386 [3] Mahdaoui et al (2013) CG 358, 90-100 
[4] Selby and Creaser (2005), Science 398, 1293-1295  
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In the Czech Republic the biogas is produced from maize 

silage, grass silage, beef and pig manure and slurry, sewage 
sludge, organic wastes from food industries, organic household 
waste. As the main result the digestate (anaerobic digestion 
residues) is manfactured. The digestate is used as fertilizator 
and/or fuel. The mineral composition was describe on 12 
samples from 6 agricultural biogas plants, and 20 samples from 
university testing biogas reactor with. Five standardly used 
input substrates (maize silage, beef and pig manure and slurry, 
organic wastes from food industries) were examined. The 
amount of the produced gas, its composition, conductivity, pH, 
Eh were continuosly measured on laboratory biogas reactors. 
The amount of the total organic carbon, calorific value, fat 
content, fibrous material content, element composition (XRF). 
The mineral composition was determined on x-ray difraction 
(Bruker D8 Advance) with internal standard ZnO, sw. Topas 
ver. 4.2, evaluated according to Rietwield methods (Bish, Post 
1989). Anaerobic digestion residues were in detail studied with 
electron microscope in microprobe (FEI Quanta 650). 
The main components in the digeste samples are present in 
amorphous c. (77.5-98.74 wt%), Sylvite (1.2-4.1 wt%), Calcite 
(1.05-3.9 wt%), and opal-CT (1.26-12.1 wt%). The opal-CT in 
the studied samples is most probably result of the SiO2 
crystallization in technology. These can be the main reason for 
engine damage. There were also identified: Quartz 0.22-11.94 
wt%, Albite 2.15-2.92 wt%, Orthoclase 0.86-2.31 wt%, 
Muscovite max. 3.60 wt%, Hornblende max. 0.12 wt% that 
originate from agricultured soils. 
 
[1] Bish, D.L., Post, J.E., (Eds.), (1989), Modern Powder 
Diffraction. Reviews in Mineralogy, Vol. 20, 369 p. 
Mineralogical Society of America. 
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The importance of the shale gas potential evaluation is 
growing according to worldwide demand for gas. The 
presented research was aimed to determine amount of the 
absorbed gas and its isotopic composition in the three 
promising shale gas formations in the Czech Republic. In total 
16 samples were collected from core depository. The 
homogenized samples were analyzed for the total organic 
carbon (TOC), Rock-Eval pyrolysis, GC and GC-MS 
chromatography, x-ray diffraction. Amount of gas released 
from rock powder was quantified as ml CH4/g rock after its 
reaction with extraction solution, isotopic composition of 
methane; ethane was measured with GC-IRMS. According to 
the source rock generative potential criteria all evaluated rock 
samples were good oil and/or gas prone source rock with 
maturity range from immature to early mature. The methane 
content in Jurassic marls varies from 0.0026 to 0.0160 ml/g 
rock with -26.9 d13C (‰). The methane content in Silurian 
shale’s is ranging between 0.000044-0.001440 ml/g rock with -
30.4 d13C (‰) and in Carboniferous claystones between 
0.000016-0.0001 ml/g rock with -24.9 d13C (‰). The gas 
content does not correlate with organic matter content and 
mineralogical composition in any of studied samples. The 
methane content in Jurassic marls is linearly growing with 
depth. 



 Goldschmidt2014 Abstracts  

 

793 

793 

Obduction of ophiolites in the 
Kuznetsk Alatau, Siberia: an evidence 

of multi-stage formation of ancient 
ocean crust 

I. F. GERTNER*, T. S. KRASNOVA, N. A. DUGAROVA  
AND V. V. VRUBLEVSKII 

Tomsk State University, Russia (*labspm@ggf.tsu.ru) 
 
Ophiolites of the Kuznetsky Alatau Ridge are 

corresponding to the suture zone formed as a result of the 
collision of few arc island terrains during the Late Cambrian 
time (~500 Ma). One of typical ophiolite fragment is the 
association of ultrabasic and basic rocks of the Barkhatnaya, 
Zayachiya, Severnaya, and Zelenaya mountain apexes. It is an 
arc-like structure, where ultrabasites are in the rims and basites 
are in the core. According to regional geological conclusions, 
the temporal range of ophiolite forming is from Early 
Cambrian to Late Riphean time. Our new geochronogical data 
are close to the most ancient time for a melting of mantle 
matter but correspond to multi-stage of metamorphism of these 
rocks during the obduction [1]. 

Sm-Nd isotope ages of mantle hyperbasites of the 
Barkhatnaya massif and crust rock of this ophiolite association.  

The slope of Sm-Nd isochron based on the two whole rock 
samples and two mineral separates of diabasites corresponds to 
the age 679±34 Ma at MSWD = 1.86 and εNd (T) = +8,2. 
Harzburgites of the Severnaya and Zelenaya apexes are 
characterized a wide diapason of Nd-isotope ratios that show a 
contamination of mantle substrate by crust fluid matter during 
the recrystalization of these obuction in upper crust. Acording 
to the rate of syntectonic recrystalization of rocks the range of 
εNd (T) parameters are changed from +7.96 to –6.51. 

This study was funded by the Russian Ministry of 
Education and Science (projects 5.3143.2011, 
14.В37.21.1257). 
 
[1] Gertner et al (2013) Mineralogical Magazine. 77, 1159 
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A group of intrusive and extrusive igneous rocks are 
located south of Wadi Abu Ziran, Central Eastern Desert. The 
rocks have varied petrographic compositions ranging from 
gabbros to granites together with their volcanic equivalents. 
They belong to four distinct Neoproterozoic units of the 
Eastern Desert, namely; “metagabbros (MG), older granites 
(OG), metavolcanics (MV) and younger granites (YG)”. Both 
major and trace elements are compiled to deduce their genetic 
relationships. 1/Sr vs. Rb/Sr and Rb/Ba vs. Rb plots suggest 
comparative magmatic relationships. The trace elements data 
are used for modeling according to the general equation of 
partial melting (Shaw, 1970) and Rayleigh equation of 
fractional crystallization. Various rock types favor complex 
petrogenetic descend during their generation. The magmatic 
model is based on “in-sequence” genesis between partial 
melting and fractional crystallization. A magma mixing 
processes is suggested in the later stage. It is evident that these 
rocks are evaluated throughout five essential magmatic stages; 
1) the gabbroic rocks (MG) were derived by partial melting 
(42.5-45.93 %) of oceanic crust followed by fractional 
crystallization (30-50 %) of the resulted ultramafic magma; 2) 
rocks of granodiorite (OG) were derived throughout partial 
melting (30-39.47 %) of gabbroic parent followed by (55-80 
%) fractional crystallization of gabbroic magma; 3) the 
metandesite (MV) was the product of partial melting (0.4 %) 
of granodiorite (OG) followed by fractional crystallization (25-
50 %); 4) the monzogranite (YG) was derived throughout (3-
6.02 %) partial melting of granodiorite (OG) followed by (40-
65 %) fractional crystallization of granitic magma, finally; 5) 
the recorded hybrid granodiorite rocks (YG) were generated by 
partial melting of both gabbroic rocks (MG) (29.58 %) and 
granodiorite (OG) (6.02 %) followed by magma mixing and 
(35-60 %) fractional crystallization.  
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The Cretaceous period (Albian and Mastrichian time) 
witnessed warm climate scenario. Important of this study is to 
document variation of sea surface temperatures and salinity at 
seasonal time scale during Cretaceous. A combined usage of 
clumped isotope thermometry [1, 2] and δ18O of carbonate in 
the intra-shell growth bands of Oyster shell allowed 
understanding the temperature and salinity condition during 
their growth. Here we present seasonal variations of 
temperature and salinity during Albian to early Maastrichtian 
time, estimated from analysing growth bands of gryphaea sp. 
from Ariyalur formation of Cauvery basin deposited at the 
palaeo-latitudinal position of 30°S [3]. In the progressive 
growth bands, we find maximum temperatures (approximately 
46 degrees C) during relatively high salinity condition while 
the temperatures approaches minimum (15 degrees C) at low 
salinity values. The minimum temperature observed in the 
growth bands matches the winter time temperature in the 
modern day ocean at the same latitude; however the summer 
time temperature exceeds by 15°C. The salinity condition 
during the warmer and cooler episodes far exceeds the modern 
day observation. Such a large seasonal variability in salinity 
implies intense evaporative process together with hydrothermal 
fluid escape during warm (summer) period and precipitation 
driven fresh water discharge during cold (winter) period. 

 
[1] Ghosh et al (2006) GCA, 70, 1439. [2] Henkes et al (2013) 
GCA 106 (2013) 307 [3] Krishnan Ayyasami, (2006) 
Geosciences Journal, 10 (3) 237 
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The degassing of magmatic (primary) water affects the 
intensity of volcanic eruptions and it is conventionally thought 
that most magmatic water is lost upon eruption. Yet, pyroclasts 
from explosive eruptions, such as the 900 CE explosive Glass 
Mountain eruption of Medicine Lake volcano, California, 
contain surprisingly large amounts of water, which may be the 
consequence of diffusive rehydration of the volcanic glass by 
atmospheric (secondary) water after the eruption. 
Discriminating between primary and secondary water in the 
matrix glass of pyroclasts is important, in order to reconstruct 
the processes of magma degassing and, hence, constrain its 
effect on the eruption. Such discrimination has, however, 
remained a challenging problem, especially because some 
aspects of water diffusion in silicate glass at low temperatures 
and atmospheric pressure remain poorly constrained. We 
analyzed the loss of water from volcanic glasses that were 
hydrated in the laboratory at magmatic temperatures and 
pressures, using thermogravimetric analysis. Numerical 
modeling of the thermogravimetric analyses, which included 
the diffusion and interconversion of molecular water (H2Om) 
and hydroxyls groups (OH), indicates that Glass Mountain 
pumices contain approximately 0.3 wt% primary water, and 
that they gained 1-2 wt% of atmospheric water by diffusive 
rehydration during the past 900 years. These results confirm 
that the majority of magmatic water is lost from the magma 
during explosive eruptions and, furthermore, the integration of 
experiments and numerical modeling establish a necessary 
foundation for discriminating between the primary and 
secondary water content of volcanic glasses, using 
thermogravimetric analysis. 
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The microbial metabolism of hydrocarbons under 

methanogenic conditions is known to occur, but the microbial 
communities and pathways by which this process occurs in 
conventional crude oil reservoirs are poorly understood. 
Hydrocarbon methanogenesis has led to the generation of 
heavy oil over geological time but it remains unclear whether 
this process occurs in real time within reservoirs, a process that 
may find application in microbial enhanced energy recovery. 
We thus sought to determine whether reservoir-associated 
microbial communities have the poential to metabolize 
hydrocarbons. We enriched a microbial community from 
production waters of a conventional oil field using light crude 
oil as the sole substrate. Incubations were conducted as liquid 
cultures in serum bottles (planktonic system), as well as in 
sandstone-packed residual oil columns as model systems to 
simulate a marginal reservoir (sessile system). Hydrocarbon 
composition, methane production, anaerobic hydrocarbon 
metabolites and associated genes, and microbial community 
composition were assessed in the incubations. Substantial 
methane production was measured in both systems relative to 
controls, and hydrocarbon analysis revealed that over 50% of 
the n-alkanes and up to 50% of select PAHs were depleted. 
Alkylsuccinates indicative of C5 and C6 alkane degradation 
were detected at higher abundance in the oil-amended liquid 
cultures relative to controls. In accordance, the assA gene was 
detected. Microbial community analysis based on the 16S 
rRNA gene revealed a dramatic difference in the dominant 
bacteria when the culture was incubated planktonically or in a 
sessile system. While methanogens were prevalent in both 
systems, the liquid cultures were dominated by Smithella sp. 
often associated with methanogenic oil degradation, while the 
sessile cultures were dominated by bacteria known for their 
biofilm forming abilities (e.g., Pseudomonas and Halomonas). 
The results show that reservoir-associated microbes can 
potentially metabolize hydrocarbons to methane in real time, 
and also suggest that different organisms may carry out this 
process in different compartments (e.g., liquid or attached 
environments) within a subsurface crude oil reservoir.  
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The principal objective of this work was to develop and 
demonstrate new methodologies to characterize the full range 
of matter states resulting from metal nanoparticle 
transformation in relevant media. In this investigation, we 
couple asymmetric flow-field flow fractionation to optical 
absorbance (UV-Vis) and scattering detectors (static and 
dynamic) and to an inductively coupled plasma mass 
spectrometer (ICP-MS). With this combination of detection 
modes it is possible to determine the mass isotopic signature of 
AgNPs as a function of their size and optical properties, 
providing specificity necessary for tracing and differentiating 
labeled AgNPs from their naturally occurring or anthropogenic 
analogs. The methodology was then applied to standard 
estuarine sediment by doping the suspension with a known 
quantity of isotopically enriched 109AgNPs stabilized by natural 
organic matter. The mass signature of the 109AgNPs was 
recorded as a function of the measured particle size. We 
observed that AgNPs interact with different particulate 
components of the sediment, and also self-associate to form 
agglomerates in this model estuarine system. Secondly, we 
demonstrate unprecedented fractionation of metal nanoclusters 
(NC) with core diameters near 1 nm and with high resolution 
using A4F. We apply our methodology to a model system, 
poly(N-vinyl-2-pyrrolidone)-protected, AgNPs with an excess 
of glutathione (GSH). The temporal evolution of the initial, 
AgNP distribution in the presence of excess GSH results in the 
appearance and persistence of a continuum of matter states 
(e.g., Ag+, nanoclusters and NPs) that were successfully 
fractionated with A4F. 
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Ferrihydrite is a probably the most widespread and 

environmentally important natural inorganic nanoparticle, 
composed of defective nanocrystals of hydrous iron(III) oxide. 
Recently, Michel et al [1,2] proposed a structural model for 
ferrihydrite in place of the long-accepted model by Drits et al 
[3]. Despite the excellent agreement between the Michel model 
and experimental pair distribution function (PDF) analysis of 
ferrihydrite samples, X-ray diffraction data are not perfectly 
reproduced. We hypothesized that the discrepancies were due 
to structural disorder not easily captured by a single-unit cell 
model. We implemented a reverse Monte Carlo (RMC) 
approach to explore structural disorder in whole-nanoparticle 
models, including alternative configurations of iron 
occupancies plus displacement disorder. We refined the 
nanoparticle structure using both the reciprocal and real-space 
forms of the X-ray scattering data. The RMC-derived 
disordered nanoparticles gave better agreement to the 
experimental total scattering data than was attained for 
nanoparticles based upon either the Michel or Drits models [4].  

We are seeking to determine whether the RMC-derived 
structures may be used as realistic whole-nanoparticle models 
of ferrihydrite. A step towards this goal is the generation of 
atomistic models that are stable in molecular dynamics (MD) 
simulations and can be used to study hydration and 
aggregation phenomena. A challenge for this effort is the 
correct protonation of oxygen atoms. Because proton positions 
cannot be determined from X-ray scattering data, we applied 
an algorithm based on bond strength analysis. We will discuss 
the results of the protonation approach, and the insights that 
whole-nanoparticle models may confer for understanding the 
structure of highly disordered minerals.  

 
[1] Michel, F.M. et al (2007) Science 316, 1726-1729. 7 [2] 
Michel, F.M. et al (2007) Proc. Nat. Sci. Am. 107, 2787-2792 
[3] Drits, V.A., et al (1993) Clay Minerals 28, 185-207 [4] 
Gilbert, B., et al (2013) Am. Min. 98, 1465-1476 
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Compound specific isotope analysis has become an 

important tool for assessing the fate and origin of contaminants 
in the environment [1]. Since 2004 liquid chromatography 
isotope ratio mass spectrometry (LC-IRMS) has become 
commercially available technique for carbon isotope analysis 
of non volatile, aqueous soluble compounds from complex 
mixtures [2]. This innovation created the possibility of new 
applications of compound-specific δ13C analysis. 

The aim of this study was to analyze the oxidation capacity 
of the interface of the LC-IRMS system and to determine 
which parameters could improve the oxidation of compounds 
resistant to persulfate oxidation. Oxidation capacity of the LC-
IRMS system was tested with halogenated acetic acids and 
aromatic compounds. Acetic acid was taken as a reference 
compound for complete oxidation. Correct values (with 
reference to elementary analyzer connected to an isotope mass 
spectrometer; EA-IRMS) were obtained for di- and mono 
chlorinated and fluorinated and for tribrominated acetic acids 
as well as for all studied aromatic compounds. Incomplete 
oxidation of trichloroacetic acid and trifluoroacetic acid 
resulted in lower recovery compared to acetic acid and in 
depleted carbon isotope composition compared to values 
obtained on EA-IRMS. Several optimization steps, which lead 
to longer reaction time in the coil and increase in the 
concentration of radicals, were tried in order to improve the 
oxidation but complete combustion of highly chlorinated or 
fluorinated compounds was not achieved. Our study revealed 
for the fisrt time the the limits of a LC-IRMS system for highly 
halogentad compounds. 

 
[1] Elsner et al (2012) Analytical and Bioanalytical Chemistry 
403, 2471-2491 [2] Krummen et al (2004) Rapid 
Communications in Mass Spectrometry 18, 2260-2266 
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Understanding the phase (liquid-semisolid-solid) of 

atmospheric aerosols is critical for modeling their atmsopheric 
aging. The higher the aerosol viscocity, the slower diffusion of 
products and reactants throughout the aerosols, resulting in a 
surface composition significantly different than the interior of 
the aerosol. 

To explore aerosol phase, we examine field collected 
aerosols and laboratory generated secondary organic aerosols 
(SOA) using a variety of microscopic and spectroscopic 
techniques. The phase state of ambient particles were 
determined from measurements of their size and optical 
density. A comparison is made between the observed phase 
states of ambient samples collected uring field campaigns in 
Northa and South America and laboratory samples. The 
objective is to determine how well the laboratory samples 
respresent the phase of ambient samples. The optical density is 
measured using scanning transmission x-ray microscopy/near 
edge x-ray absorption structure spectroscopy at the carbon 
edge. The optical density is then plotted versus particle area 
equivalent diameter. High viscocity/surface tension particles 
will flatten less upon impaction than less viscous particles, 
resulting in a steeper slope. The results from five field 
campaigns show that these field collected particles deform less 
(are more viscous) upon impaction than the laboratory 
generated SOA. Additionally, in spite of the wide range of 
sample collection sites, the ambient particles had, on average, 
very similar extents of deformation. Current work is examining 
the effects of the presense of sulfur on the phase state and 
developing new measurements of viscosity changes as a 
function of relative humidity.  
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The influence of salinity on Mg/Ca, Sr/Ca and Ba/Ca ratios 
in the aragonitic shell of the Manila clam was investigated. 
Clams were reared at constant temperature (20°C) under 
different controlled salinities. Salinity for the first 35 days was 
held at 35, and then was changed to three different salinities 
(20, 28 and 35) for the next 29 days. Individual shell Mg/Ca, 
Sr/Ca and Ba/Ca ratios were studied through time. Despite 
stable conditions for clams reared at salinity 35 during the 
experiment, Mg/Ca shell ratios increased through time. The 
decrease in salinity resulted in both a decrease and increase in 
shell Mg/Ca suggesting Mg is under strong biological control. 
Sr/Ca shell ratios of clams reared at salinity 35 and under 
stable conditions were also not constant, and there was an 
inverse correlation between shell Sr/Ca and salinity despite the 
opposite in the water, suggesting Sr is also controlled 
biologically. An inverse correlation between salinity and 
Ba/Ca shell ratios (and a positive correlation between Ba/Ca 
shell and water) were observed (r2=0.93). Despite inter-
individual variability, Ba/Ca ratios in aragonite clam shells are 
a promising proxy of salinity in estuarine waters.  
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Extensive field surveys by submersible and ROV, and 
ODP (Site 894) and IODP (Site U1415) drilling at the Hess 
Deep Rift have pieced together a complete composite section 
of young, fast-spreading crust formed at the East Pacific Rise. 
This comprehensive sampling provides a record of axial and 
near axial hydrothermal activity throughout the entire crustal 
section, and the localized effects of subsequent unroofing at 
the Hess Deep Rift. 

Hydrothermal alteraton in the upper crust is largely 
focused in the sheeted dike complex, where dikes are variably 
altered to amphibole- or, locally, chlorite-dominated 
assemblages. There are no systematic variations in mineral 
assemblage or peak metamorphic temperature with depth, with 
temperatures >450° locally recorded throughout the dike 
section. The transition into the subjacent gabbroic sequence is 
complex, with hornfelsic regions marking magmatic instrusion 
into the dikes and the uppermost grabbros showing evidence 
for assimilation of hydrothermally altered dikes. A stepped 
temperature profile across the basal dikes and uppermost 
gabbros suggest these rocks record the conditions of a 
conductive boundary layer separating the magma-hydrothermal 
transition. 

Incipient flow of hydothermal fluids along microfracture 
networks into the upper gabbroic sequence is marked by 
amphibole veinlets that record initial cracking at ≥700°C. 
Similar to the sheeted dike section, amphibole dominates the 
secondary assemblage, but the degree of alteration is less. 
Lower bulk rock Sr-isotopic compositions in the upper gabbros 
relative to the dike section suggest diminished fluid and heat 
fluxes associated with axial and near axial gabbroic alteration, 
relative to the dike section. 

Evidence for early high temperature alteration is less 
common in the lower gabbros, although it may be manifest by 
non-hydrous phases that have not yet been characterized. 
Preliminary data suggest that incipient alteration occurred at 
slightly higher temperatures than in the upper gabbros. The 
more primitive compositions of the lower gabbros [1] leads to 
a different style of alteration, in response to the much greater 
abundance of olivine [2, 3]. 

 
[1] Gillis et al (2014), Nature 505, 204-207 [2] Marks et al 
(2014), Goldschmidt 2014 [3] McCaig et al (2014) 
Goldschmidt 2014 
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Recently, a specific gene pair (hgcAB) was linked to Hg 

methylation in mercury-methylating sulfate (SRB) - and iron 
(FeRB) reducing bacteria (1). Orthologues of hgcAB were 
identified in two other groups of microorganisms, 
methanogens and Firmicutes, which had not previously been 
associated with methylmercury (MeHg) production. By 
directly measuring MeHg production in several related 
bacterial and archaeal strains with and without hgcAB, we 
confirmed that the presence of the gene pair accurately predicts 
Hg methylation capability (2). Despite the expanded diversity 
of Hg-methylating organisms and environments, orthologues 
of hgcAB are rare among available microbial genomes.  

Here we begin to evaluate how important methanogens 
may be in Hg methylation in the environment. As a first 
approach, we measured Hg-methylation rates by hgcAB+ 
methanogens in pure culture, using organisms from culture 
collections with available genomes. Based on available 
genomes, we identified 12 hgcAB+ methanogens, all Class 
Methanomicrobia). Using a standardized approach to 
measuring methylation, the first two cultures we tested 
(Methanolobus tindarius and Methanomethylovorans 
hollandica) were relatively weak methylators (2-5% 
methylation of a 1 nM Hg spike to a culture) relative to most 
hgcAB+ SRB and FeRB (typically more than 50%)(2). 
However, evaluation of additional cultures showed much 
higher methylation rates in some strains (up to ~25%), 
supporting the idea that methanogens may be important 
contributors to MeHg production in certain environments. We 
also began to evaluate how Hg complexation impacts Hg 
uptake and methylation. Early results suggest that sulfur 
complexes are critical controls on Hg methylation by 
methanogens, as they are in SRB and FeRB.  
 
[1] Parks, J. M. et al The genetic basis for bacterial mercury 
methylation. Science 2013, 339 (6125), 1332−1335 [2] 
Gilmour, C. et al Mercury methylation by novel 
microorganisms from new environments. Environ. Sci. 
Technol. 2013, 47, 11810−11820  
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Identification of the high-pressure polymorphs of SiO2 and 

C, coesite and diamond, in crustal rocks is persuasive evidence 
that continental crust has visited mantle depths. Such rocks 
have experienced ultrahigh-pressure (UHP) metamorphism, 
and over 20 UHP terranes are now recognized around the 
world. Pressure–temperature–time (P–T–t) paths are used to 
discriminate among possible mechanisms of formation and 
exhumation. Continental subduction during plate collision is 
the reigning paradigm for the formation and exhumation of 
UHP terranes. The idea is that UHP metamorphism forms early 
in collision at the leading edge of the down-going continent, 
which is pulled into the mantle by the attached, oceanic crust 
that converts to eclogite at depth. Continental UHP terranes 
tend to follow medium temperature P–T paths (T<800 °C) at 
plate tectonic rates. The subduction channel provides a 
pathway for UHP material transport back to Earth’s surface. 
Exceptions to every aspect of the paradigm are now known, 
prompting the exploration of alternative tectonic settings. E.g., 
the possibility of Precambrian UHP metamorphism [1] 
influences our interpretation of when subduction began on 
Earth. Long-lived UHP metamorphism in the overriding plate 
at the end of collision argues for intracontinental subduction 
[2]. In addition to continental collisions, UHP metamorphism 
may also occur in accretionary orogens [3]. Even the tiniest 
hint of diamond or coesite in continental crust should be 
investigated for the possibility that it will lead to discoveries of 
plate tectonic importance. 
 
[1] Perchuk & Morgunova (2014) Gondwana Res. 25, 614-629 
[2] Gilotti et al (2014) Gondwana Res. 25, 235-256 [3] Wang 
et al (2014) Lithos 190-191, 420-429 
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Understanding the linkage between microbial activity and 

geochemical processes, as influenced by the cyclical nature of 
environmental systems remains poorly understood. In 
particular, while the transformation of Fe(III) (hydr)oxide 
minerals under reducing has been extensively investigated, 
mineralogical evolution under cyclically reducing and 
oxidizing conditions has been studied under only a few 
conditions. Additionally, the role of oxidant (e.g., NO3

2- vs. 
O2), rate of oxidation, and reduction mechanism in determining 
the ultimate crystallinity of the resultant Fe (hydr)oxide 
minerals is poorly characterized. In abiotic cycling studies with 
ferrihydrite, utilizing either Fe(II)SO4 or Fe(II)Cl2 as the 
reductant and O2 as the oxidant, we find that ferrihydrite is 
consumed during the first reduction half cycle and the 
mineralogy stabilizes at a mixture of maghemite and goethite 
after two complete redox cycles (e.g., increased Fe (hydr)oxide 
crystallinity). However, in systems where redox cycling is 
biologically driven the crystallinity of the resultant Fe 
(hydr)oxides is determined by a combination of oxidant and 
oxidation rate. Ferrihydrite, lepidocrocite, and geothite were all 
reduced using a natural inoculum and then oxidized either by 
the introduction of either O2 (abiotic oxidation) or NO3

2-
 (biotic 

oxidation). After several complete redox cycles, increasing Fe 
(hydr)oxide crystallinity is observed when NO3

- is used as the 
oxidant and decreasing crystallinity when O2 is used as the 
oxidant. This work demonstrates that both reduction 
mechanism (abiotic/biotic) and oxidant play a pivotal role in 
determining the ultimate mineralogy Fe (hydr)oxides in redox 
active environments. 
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This project examines Algoma-type BIF, an Archean 

chemical sediment associated with sequences of volcanic rocks 
and greywacke, that is considered to be a direct product of 
hydrothermal venting on the seafloor [1]. Despite decades of 
mining at the Sherman Mine in Temagami during the 1970s 
and 80s, little is known about the ore types and their origins 
other than their classification as Algoma-type BIF. More than 
10 million tons of iron ore from the Sherman Mine was 
excavated from three large open pits which are located in two 
east-west trending lobes of BIF. More than 300 massive blocks 
of ore were left at the edges of the pits from which they were 
removed, providing an excellent archive of the ore types in the 
mine. An outcrop of Algoma-type BIF outside the mine has 
provided samples for many studies of Archean ocean chemisty 
[1,2].  

This project characterizes the mineralogy, sedimentary 
features, and trace-element geochemistry of more than 200 
samples from the Sherman Mine to reconstruct the variations 
in ore type. Ore types in Sherman Mine are defined by the type 
of iron oxide, bedding thickness, and concentration of rare-
earth elements. Of particular interest is whether hematite, 
magnetite or ferrous hydroxide was the primary iron oxide 
precipitate and how those minerals have been transformed into 
the present-day assemblage. These conditions have particular 
bearing on the redox state of the Archean ocean [3]. Field 
mapping in the Sherman Mine has yielded a general ore 
classification based on commonly observed mineral 
assemblages. Using ArcGIS, samples from the north and south 
lobes are compared to determine shared mineralogical, 
geochemical and sedimentary characteristics of each. With 
archived data from the Geological Survey of Canada, mapping 
provides insight into the area’s tectonic history. Enigmatic 
field relations between different lobes of BIF are further 
complicated by inconclusive age estimates between 2.72 and 
2.76 Ga [4]. The mapping results make sense of the geological 
context of the BIF units, with wide implications on earlier and 
future geochemical results. 
	  
[1] Gross G.A. (1983) Precambrian Research 20, 171-187 [2] 
Shimada et al (2006) Geochimica et Cosmochimica Acta 70, 
18S, A585 [3] Ohmoto (2003) Economic Geology 98, 157-161 
[4] Konhauser K.O. et al (2009) Nature 458, 750-753 
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Researchers have long-postulated that living organisms 

utilize organic matrices to actively guide the formation of 
crystal structures. Calcified skeletons are produced within 
complex assemblages of proteins and polysaccharides whose 
roles in mineralization are not well understood. The timing and 
placement of these features are most easily controlled during 
nucleation. Our recent kinetic study of heterogeneous calcite 
nucleation found the energy barrier to formation is regulated 
by competing interfacial energies between the substrate, 
crystal, and liquid [1]. Chitosan presents a low energy barrier 
to nucleation because its near-neutral charge favors formation 
of a substrate-crystal interface, thus reducing interactions with 
water. Progressively higher barriers are measured for 
negatively charged alginates and heparin that favor contact 
with the solution over the formation of new substrate-crystal 
interfaces. These results showed calcite nucleation is 
controlled by substrate-crystal interactions but could not 
quantify the larger continuum of competing forces that must 
regulate calcite nucleation. 

To determine these relationships, we measured the kinetics 
of homogeneous calcite nucleation in NaCl solutions that 
extend to seawater salinity (0.6 M). The data show the 
nucleation barrier and crystal-liquid interfacial energy are 
smaller in high ionic strength solutions. This supports recent 
findings that background electrolytes promote ion desolvation 
during nucleation. By applying this relationship to 
heterogeneous nucleation on chitosan and heparin, we quantify 
the relative contributions of substrate-crystal-liquid interfacial 
energies. The findings build a framework for how functional 
group chemistries of organic molecules regulate 
mineralization. Insights from this study suggest substrate 
chemistry and ionic strength provide additional means of 
tuning the energy barriers to calcite nucleation. 

 
[1] Giuffre et al (2013), PNAS 110, 9261-9266  
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The realization that carbonate biominerals can form by an 

amorphous to crystalline transformation has prompted the 
question of when and where chemical signatures are recorded 
during mineralization. This pathway begins with accumulation 
of amorphous calcium carbonate (ACC) in a localized 
environment that subsequently transforms to the 
crystal/organic composites we know as skeletal structures. It is 
not yet established if the transformation involves microscopic 
dissolution and reprecipitation or an altogether different 
mineralization pathway, such as a solid-state transformation. In 
this study, we employ stable isotope labeling to directly probe 
the extent of cation incorporation from the solution during 
transformation of ACC of varying Mg compositions. 

We find that calcites do not retain the isotopic labeling of 
the initial ACC phase, as predicted for a solid-state 
transformation pathway. Rather, our analysis of the crystals 
shows signatures that are explained by a mixing model of the 
initial ACC phase and the labeled solution. Further, the extent 
of mixing correlates with rates of transformation, indicating the 
calcites are recording the changing solution environment 
during transformation. This study suggests skeletal signatures 
are not set when ACC forms, but are instead determined at the 
time of calcite growth. 
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Chlorine is widely assumed to be natural conservative 

tracer in surface and subsurface water systems. In groundwater 
and porewaters, δ37Cl is an appropriate tracer of some 
physical process controling transfert between different source 
and/or reservoirs. Among different hydrogeological processes, 
various studies have used chlorine stables isotopes to better 
constrain transport of solute in porous sedimentary deposits 
through chemical diffusion. 

Recent experimental and theoritical studies (Richter et al, 
2006; Eggenkamp et al, 2009) have focused on the 
determination of isotopic fractionation during diffusion of 
chloride in water (freewater diffusion). The α fractionation 
factor corresponds to the ratio between diffusion coefficients 
of 35Cl and 37Cl, and is measured to be of ~ 1.0064 at 21°C in 
free water (Eggenkamp et al, 2009). Most studies on chloride 
diffusion in natural groundwaters assume that this value 
remains unchanged even if diffusing through a porous media. 

In this study, we explored the effective diffusion 
coefficient of chloride and associated isotopic fractionation 
factor when diffusing through a porous media. Experiments 
were performed at 21°C using a diffusion cell and carbonate 
and sandstone rock samples of various porosity and 
permability. Diffusion through pure carbonate produces some 
relatively large isotopic fractionation, however the 
fractionation factor we determine at the same temperature, is 
slighlty lower (i.e 1.0012), than the one measured in freewater. 
This difference could be related to change in the chloride 
hydration shell within the porous media.  

In contrast to carbonates, similar diffusion experiments 
done with sandstones, yielded unexpectedly high effective 
diffusion coefficient for chloride and no isotopic fractionation. 
This result could be linked to some electrical pore surface 
effects. Additional work is underway to refine further these 
preliminary results. 
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Arsenic occurs in marine waters, typically at 

concentrations of about 1-2 µg As/L (ca 13-26 nM), present 
primarily as the inorganic species arsenate. Marine organisms 
are able to accumulate arsenic – they contain high levels 
(typically 2,000 - 20,000 µg As/kg wet mass), and most of this 
arsenic is present as organoarsenic compounds such as 
arsenobetaine (Me3As+CH2COO-) and arsenosugars. Despite 
the predominance of arsenobetaine in marine biota, this simple 
organoarsenic compound has never been reported in seawater; 
direct methods of analysis are restricted by the complex 
seawater matrix, and indirect methods suggest that if 
arsenobetaine were present, the levels would likely constitute < 
1 % of the total arsenic (i.e. be present at < 20 ng As/L). We 
report a method to detect and quantify trace amounts of 
arsenobetaine and related organoarsenic compounds in marine 
waters. Furthermore, the method was applied to samples of 
seawater collected during the scientific cruise aboard R/V 
Knorr (KN207-01) at various depths from two sites in the 
Sargasso Sea, with the aim of obtaining preliminary data on 
the depth profile of arsenobetaine in the ocean. The method 
involved removing the complex salt matrix by preparative 
cation-exchange (Dowex 50 H+), while simultaneously 
concentrating arsenobetaine and other cationic arsenic species, 
and measuring the arsenicals by HPLC coupled to elemental 
and molecular mass spectrometry. With this method it was 
possible to quantify arsenobetaine and seven other cationic 
organoarsenicals, six of which had never been found in marine 
waters before. Depth profiles (6-200 m) for two sampling sites 
revealed arsenobetaine concentrations between 0.5 and 14 ng 
As/L with maxima occurring in the euphotic zone (down to ca 
30 m) indicating positive correlation to zones of maximum 
primary production. The data for the other organoarsenicals 
found in this study also suggest correlation to primary 
production with a clear decrease of all arsenic species at depths 
below 60 meters.  
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Spatial variations in wedge depletion and slab inputs are 
important but incompletely understood aspects of subduction 
zone magmatism. The tectonically active NE Lau Basin is an 
excellent place to examine such variations because of its high 
number of young volcanoes in arc, rear arc and backarc 
settings. Here we focus on a series of small, young, submarine 
rear arc volcanoes (the Matas), located in an extensional basin 
trending obliquely from the arc. Collectively, they have 
erupted boninite and other mafic/ultramafic magmas. Fresh, 
crystal-rich lavas contain olivine, clinopyroxene, and 
orthopyroxene, but lack plagioclase phenocrysts. Despite their 
location behind the arc, the Mata Volcanoes have strong arc 
compositional affinities. These characteristics are aparrent in 
both glass and whole rock data, even though glasses have 
significantly lower MgO content (mostly 3.5-8.5 wt%) than the 
whole rocks (mostly 10-20 wt%).  

Results of comprehensive major-trace element petrogenetic 
modeling of mantle and crustal processes indicate that multiple 
components are required to explain the chemical compositions 
of our large sample set from the Mata volcano group (collected 
by XRF on whole rocks, and EMPA and LA-ICPMS of 
glasses). The main magmatic component is a melt of a highly 
depleted mantle wedge, with superimposed variable additions 
by subducted components. Most lavas have relatively large 
fluid-mobile incompatible element (e.g., U, Ba, Rb, Sr, K) 
enrichments compared to interoceanic arc lavas in general, 
requiring small amounts of sediment melt and/or fluids 
dehydrated from the slab. Interestingly, higher Ti, Nb, and Zr 
relative to the heavy REE can not be explained by just melts of 
a depleted mantle wedge. Rather these seem to require addition 
of a minor amount of slab eclogite melt. MELTS modeling of 
crystallization conditions that generate observed major element 
compositional trends in erupted glasses indicate the samples 
differentiated under low pressures (500-1000 bars), under 
oxidizing conditions (QFM 0 to +1), and with a minimum of 
1.7-2.5 wt% H2O. 
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Trace elemental compositions of sediment microbes 
remain largely uncharacterized due to the challenge of 
separating cells from mineral particles. Synchrotron x-ray 
fluorescence (SXRF) microscopy is one of the most sensitive 
techniques for quantitative trace element mapping of biological 
samples at nano-scale resolution. We performed SXRF 
imaging at 100 nm and XANES spectroscopy on thin sections 
of uncultivated microbial consortia that mediate anaerobic 
oxidation of methane. Samples included microbial aggregates 
enriched from Hydrate Ridge methane seep sediments. 
Sediment samples were incubated in the presence or absence of 
methane. The +methane treatment displayed two-fold higher 
sulfate reduction (assessed by sulfide production) than the  
–methane treatment. Of the 16 elements analyzed (Si, S, P, Cl, 
K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn and W) only S, Ca 
and Cu were significantly elevated above background in the 
aggregates. Si-K-Ti-Fe-rich rings (Fig. 1) occurred around half 
of the DAPI-stained aggregates, consistent with previous 
findings (Dekas et al, in preparation). Abundances of S, Ca 
and Cu were elevated in aggregates from the +methane 
treatment compared to the –methane treatment. Given the low 
levels of Ni, Fe and other bioessential metals in microbial 
cells, it is possible that protein-bound metals were lost during 
sample preparation, and that the elevated S, Ca and Cu in cells 
may be mineral-bound, as supported by XANES data. While 
further sample optimization may be necessary to preserve 
metal cofactors within cells, this study demonstrates the utility 
of SXRF for nano-scale imaging of the elemental content of 
sediment microbes. 

 

 

 

 

 
 

Figure 1. Corresponding SXRF (Fe=red, K=green, Cu=blue) and 
DAPI images of a microbial aggregate from the +methane treatment 
showing Fe-K-rich rings and enrichments of Cu in areas corresponding 
to DAPI-stained cells. 
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Microbial biogeochemical cycling in marine oxygen 
minimum zones (OMZs) may be influenced by the availability 
of trace metal micronutrients such as Cu (1, 2) and Fe. We 
analyzed the concentration of trace metals (Mn, Fe, Co, Ni, Cu, 
Zn, Cd) and the speciation of Cu and Fe in the Eastern Tropical 
North Pacific. Total dissolved metals were generally elevated 
in the OMZ waters compared to the oxic mixed layer, 
consistent with previous studies (3-5). Cu and Fe, the two 
metals most likely to be limiting in the marine nitrogen cycle, 
swapped dominance in oxic and anoxic waters: total dissolved 
Cu was generally higher in the oxic mixed layer (0.93-1.21 nM 
Cu vs. 0.04-1.14 nM Fe), whereas Fe was higher in the OMZ 
(0.90-1.21 nM Cu vs. 0.84-2.09 nM Fe). Conditional stability 
constants were elevated at all stations and depths (30-500 m, 
12.3-12.9 log KFe’L and 13.9-14.8 log KCu’L). Log KFe’L values 
were similar to those measured previously from the ETNP 
OMZ (12.1-12.8) (4), while log KCu’L values were higher than 
those measured in the ETSP OMZ (12.5-14.0) (3). 
Metagenomic analysis of genes encoding microbial 
metalloenzymes is underway. Preliminary results suggest that 
trace metal bioavailability may correlate with the composition 
of microbial metallomes in the ETNP OMZ.  
 
[1] S.A. Amin, et al Limnol. Oceanogr 58, 2037-2045 (2013); 
[2] J. Granger, B.B. Ward, Limnol. Oceanogr. 48, 313-318 
(2003). [3] J.E. Jacquot et al Limnol. Oceanogr 58, 1387-1394 
(2013). [4] B.M. Hopkinson, K.A. Barbeau, Marine Chemistry 
106, 2-17 (2007). [5] J.W. Moffett et al Deep-Sea Res. Pt. I 54, 
1341–1349 (2007).  
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Alkaline earth metals (Mg, Sr, Ba) and strontium istopic 
compositions (87Sr/86Sr) are used as biomarkers for tracing life 
histories in fish. These compositions are typically measured 
through laser ablation plasma source mass spectrometry (LA-
ICP-MS and LA-MC-ICP-MS) of fish otoliths. Otoliths accrete 
chronologically and record changes in habitat, temperature, 
movement and diet. The spatial resolution needed to resolve 
these changes may vary with the size and growth rate of the 
otolith but generally falls between 20 - 60 microns. In some 
cases, such as in cartilaginous fish, otoliths don’t form periodic 
structures. Additionally, harvesting an otolith is an inherently 
destructive method, killing the fish. For these reasons, and 
because laser ablation is cheaper and faster than alternatives, 
exploration into other types of biologically-derived minerals 
such as fin rays, scales and teeth may be advantageous for 
certain types of fish and biomarking other marine and 
terrestrial animifalia. 

LA-MC-ICP-MS methods measuring 87Sr/86Sr in bones and 
teeth have been conducted in previous studies with 
archeological human [1] and modern rat teeth [2]. Generally 
compared to carbonates, measurement of biophosphate 
minerals pose greater analytical uncertainty due to lesser Sr 
and greater Rb concentrations, more matrix complexity (ie. 
organics such as proteins), spatial heterogenity, and formation 
of the 40Ca31P16O+ molecular isobar. Preliminary laser ablation 
testing of white and green sturgeon fin rays and leopard shark 
teeth have shown excellent agreement with purified solution 
(difference < 0.0001 87Sr/86Sr.) The 40Ca31P16O+ isobar may be 
attenuated by simple adjustment to the ion sampling depth of 
the plasma. Addition of nitrogen in the carrier gas and 
lessening RF power (cool plasma) operation may also reduce 
oxide formation, decreasing artifact. 

 
[1] Simonetti et al 2008, Archaemetry 50, 2 371-385 [2] 
Copeland et al 2008, Rap. Com. Mass Spect. 22: 3187-3194 
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Deep-rooting plants potentially store large amounts of CO2 
in the subsoil1. Root-associated microorganisms, however, 
might enhance carbon (C) mineralization and thus entail net C 
loss. Organic matter stabilization and destabilization processes 
have been studied for the topsoil, but are largely unknown for 
the subsoil2 at depths >> 2 m, including soil parent material. 
Calcified roots (rhizoliths), which form under arid to 
semihumid climate as a typical feature of terrestrial sediments, 
offer the possibility to study long-term effects of root 
penetration due to the preservation of root and rhizomicrobial 
remains. 

The current study comprises several state-of-the-art 
techniques like bacterial DNA and lipid molecular proxies to 
trace remains of microbial biomass in ancient root systems 
throughout a loess-paleosol sequence in SW Germany. This 
sequence has been penetrated by several generations of roots 
since the last glacial maximum. Phospholipid fatty acids, DNA 
and intact polar glycerol dialkyl glycerol tetraethers argue for 
the presence of microorganisms in the rhizosphere not only of 
living but also ancient (≥ 3 ka) roots. Especially in depths with 
high rhizolith abundances (up to 200 m-2), rhizomicrobial 
degradation led to a decrease in bulk C, whereas net C 
enrichment occurred in the rhizosphere at depth intervals of 
lower root feature abundances due to lower microbial activity. 
Thus, in terrestrial sediments poor in organic C, penetration by 
deep-rooting plants can entail long-term OM dynamics and 
consequently C depletion or stabilization, depending on root 
abundances. 

 
[1] Kell (2012) Phil. Trans. R. Soc. B 367, 1589-1597. [2] 
Rumpel & Kögel-Knabner (2011) Plant Soil 338, 143-158. 
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The colonization of the continental surfaces by vascular 

plants occurred at the end of the Devonian period. This 
colonization coincide with the onset of a large scale critical 
zone on the continental surfaces and is thought to have boosted 
the global weathering of crustal rocks1. As a consequence, 
atmospheric CO2 sharply decreased around the Devonian-
Carboniferous boundary. The continental colonization event is 
considered as a major contributor to the Permo-Carboniferous 
glaciation2.  

Recently, a more physically-based modelling of the 
colonization event reconsidered its climatic consequences. The 
large scale spreading of vascular plants decreased the albedo of 
the continents, leading to a paradoxal climatic evolution in 
which an ample decrease in atmospheric CO2 over the course 
of the Devonian period might have occurred at roughly 
constant continental temperatures3. This study also emphasized 
the key role played by land plants on the continental 
hydrologic cycle. 

Land plants enhance weathering reactions. But this 
acceleration leads to a faster development of thick weathering 
profiles, especially in flat, warm and humid areas, eventually 
inhibiting weathering reactions. The long term dynamic 
response of the Earth system to perturbations is thus pending 
on the specific response of each climatic zone. In the present 
study, we aim at exploring the sensitivity of the Earth system 
to a global warming event, in the presence or absence of 
vascular plants, using a process-based modeling, in line with 
the Le Hir et al3 method. A numerical model of the coupled 
climate/weathering/erosion processes4 will be used to explore 
whether the presence of land plants truly enhances the 
weatherability at the global scale, and whether it increases or 
decreases the Earth system sensitivity to a global warming 
event in the geological past. 

 
[1]Moulton et al 2000, Am. J. Sci., 300, 539-570. [2] Berner, 
2004, The Phanerozoic Carbon cycle, OUP [3] Le Hir et al 
2011, Earth Planet. Sci. Lett., 310, 203-212 [4] Carretier et al 
2013, Geomorphology, in press. 
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Deficits in Os nuclide abundances with large contributions 

from the s-process (186Os, 188Os, 190Os) relative to those 
dominated by r-process were first identified in chondrites of 
lower metamorphic grades [1]. These isotopic anomalies were 
interpreted as the result of variable amounts of acid-resistant 
presolar grains composed of diamond, graphite, or most likely 
SiC [1-4]. To further examine the variation of time-integrated 
Pt/Os and Re/Os in bulk chondrites and asteroidal achondrites 
[1,5-9], twelve CV-CK clan carbonaceous chondrites across a 
range of metamorphic grades (CV3-CK6) were characterized 
for their high-precision Os isotopic composition. Using Pt/Os 
ratios of 1.81 for CV3 [1] and 1.72 for CK4-6 chondrites [10], 
186Os/188Osi ratios, corrected to 4.567 Gyr using present-day 
ratios, are 0.1198204±0.0000043 for CV3, 
0.1198230±0.0000033 for CK4, 0.1198232±0.0000026 for 
CK5, and 0.1198223±0.0000008 for CK6 (±2σ, n=3), 
indistinguishable from each other, but distinct from average H-
group ordinary chondrites (0.1198269±0.0000014; [1,5]). 
These differences for s-process 186Os abundances between CV-
CK and H-group chondrites are consistent with their parent 
bodies inheriting different amounts of nucleosynthetic 
components during formation from the solar nebula. These 
findings will be evaluated not only by invoking nebular 
heterogeneities, but also by considering effects of parent body 
processing [11].  
 
[1] Brandon et al (2005) Science 309, 1233-1236. [2] 
Yokoyama et al (2007) EPSL 259, 567-580. [3] Reisberg et al 
(2009) EPSL 277, 334-344. [4] Yokoyama et al (2010) EPSL 
291, 48-59. [5] Brandon, et al (2006) GCA 70, 2093-2103. [6] 
Humayun and Brandon (2007) Astrophys J 644, L59-L62. [7] 
van Acken et al (2011) GCA 75, 4020-4036. [8] van Acken et 
al (2012) MAPS 47, 1606-1623. [9] Wittig et al (2013) EPSL 
361, 152-161. [10] Horan et al (2003) Chem Geol 196, 5-20. 
[11] Yokoyama et al (2011) EPSL 305, 115-123. 
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Determining groundwater age in volcanically active 
regions using the 14C content of its dissolved inorganic carbon 
(DIC) needs to account for contributions of 14C - dead mantle 
CO2. Further complications can arise from the high carbon 
content of groundwater leading to degassing of CO2 as well as 
the precipitation or dissolution of carbonate cements which 
may be difficult to characterize using 13C. Models which use 
δ13C to account for the different sources of C may not fully 
capture these effects on C isotopes. Here we present 14C data 
for dissolved organic carbon (DOC), paired with DI14C for 
groundwater and springs in the Atacama Desert of Northern 
Chile. The area of study focuses on the Loa drainage basin, 
sampling springs in the active arc and groundwater within the 
Calama Basin, but includes two aquifers located in the Pampa 
del Tamarugal. As water passess through a confined aquifer in 
the Calama Basin, DIC concentrations decrease as carbonate 
precipitates, and both 14C methods predict similar times for 
water to transect the Calama Basin, about 1,500 years. The 
differences in groundwater ages according to DOC and DIC 
are most apparent in springs because groundwater feeding 
these springs has acquired carbon, either from carbonate or 
CO2 dissolution. Limited to negligible OM in the volcanic 
aquifers makes DOC a more reliable phase in which to derive 
recharge age from 14C data, although it is likely that OM stored 
in recharge zones means that DO14C represents an upper limit. 
Groundwater ages of 3 to 5.5 kyr measured in springs are 
consistent with a pluvial stage in the Central Andes as recorded 
by rodent middens. Using DO14C to constrain DI14C, models to 
correct for reactions involving 13C enriched carbonate and/or 
CO2. These requirements can be met by laminated carbonate in 
spring deposits, plus CO2-δ13C indicative of a mantle 
component. This work was supported in part by CODELCO 
Norte’s Water Division. 
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Our knowledge of surface structures important for crystal 

growth has been mostly built up from direct observations of 
cleaved surfaces of different minerals. Here we present a novel 
approach to study crystal growth by analyzing the development 
of topography on surfaces with low Miller indices rather than 
the cleavage surfaces. The advantage of studying such surfaces 
is that both the type and density of steps and kink sites are 
characteristic of each (hkl) surface. This allows one to study 
independently the reactivity and the role of each of these sites 
during crystal growth under different solution conditions.  

In this study, barite (BaSO4) and calcite (CaCO3) crystals 
were cut and finely polished along specific orientations that 
expose different densities of specific types of steps and kink 
sites. The surfaces were then reacted with solutions of different 
saturation indices, electrolyte concentrations and in the 
presence of impurity ions. AFM and SEM images of the 
topography developed during growth, which is specific for 
each surface orientation and solution composition, can be used 
to improve our understanding of a) relative growth rates of 
stable surfaces (note different growing surfaces, Fig.1); b) 
epitaxial growth and nucleation of different crystal phases (e.g. 
nucleation and growth of SrSO4 on BaSO4 occurs 
preferencially at steps (001)/(100) relativelly to (001)/(210) 
steps, Fig.1b); c) inibition of growth at different step and kink 
sites by specific ions; d) relation between surface structure, 
reactivity and development of topography during growth. 
These studies will enable the development of more robust 
predictive models that reflect the processes known to occur on 
the mineral surface. 

 
Figure 1: AFM images of growth on a (212) barite, (a) barite 
(Z=200nm; XY=4µm), (b) SrSO4 (Z=600nm; XY=8µm), note 
nucleation only from the side with (001)/(100) steps.  
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The Ghansura Rhyolite Dome (GRD) of the Bathani 
Volcano-Sedimentary Sequence (BVSS) is located on the 
northern fringe of the Proterozoic Chotanagpur Granite Gneiss 
Complex (CGGC). This dome has been intruded by basaltic 
magma leading to magma mixing and mingling scenario and 
formation of hybrid andesitic rocks. Structural and textural 
features at outcrop/microscopic scale clearly indicate the 
occurrence of magma mixing.  

Near linear trends on Harker variation diagrams displayed 
by the rocks of the GRD for most of the major oxides suggest 
the occurrence of magma mixing. The major oxides linear 
correlation plots have enabled us to calculate the relative 
contributions of the end-member magmas in forming the 
hybrid product [1]. However, the major drawback associated 
with these traditional mixing tests is that they are solely based 
on the chemical compositions of the interacting magmas.  

This work uses two recently developed experimental 
mixing models that are based on physical properties of the 
interacting magmas [2]. A number of physical properties like 
Temperature (T), Viscosity (η), Glass Transition Temperature 
(Tg) and Fragility (m) have been calculated for the magmas 
involved in the mixing process. These properties, in turn, have 
been used in the mixing models. The models confirm that the 
andesitic rocks of the GRD are indeed hybrid product formed 
by the interaction of basaltic and rhyolitic magmas. The 
relative contribution of the basaltic magma in forming the 
hybrid andesite has been evaluated to be ~60% through these 
models. The result is corroborating with that of the traditional 
mixing tests.  

The present work for the first time has geochemically 
deciphered the occurrence of magma mixing and mingling 
from CGGC of the eastern Indian shield. This magmatism is 
related to the suturing of the northern and southern Indian 
blocks along the Central India Tectonic Zone (CITZ) during 
Proterozoic . 

 
[1] S. Fourcade and C.J. Alle´gre (1981) Contrib. Miner. 
Petrol. 76 177–195. [2] D. Giordano et al (2008) Earth Planet. 
Sci. Lett. 271 123-134. 
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The crustal dichotomy is the dominant geological feature 
on planet Mars. The exogenic approach to the origin of the 
crustal dichotomy assumes that the northern lowlands 
correspond to a giant impact basin formed after primordial 
crust formation. However these simulations only consider the 
impact phase without studying the long-term repercussions of 
such a collision. The endogenic approach, suggesting a degree-
1 mantle upwelling underneath the southern highlands, relies 
on a high Rayleigh number and a particular viscosity profile to 
form a low degree convective pattern within the geological 
constraints for the dichotomy formation. Such vigorous 
convection, however, results in continuous magmatic 
resurfacing, destroying the initially dichotomous crustal 
structure in the long-term. A further option is a hybrid 
exogenic–endogenic approach, which proposes an impact-
induced magma ocean and subsequent superplume in the 
southern hemisphere. However these models rely on simple 
scaling laws to impose the thermal effects of the collision. 

Here we present the first results of impact simulations 
performed with a SPH code serially coupled with 
geodynamical computations performed using the code I3VIS 
to improve the latter approach and test it against observations. 
We are exploring collisions varying the impactor velocities, 
impact angles and target body properties, and are gauging the 
sensitivity to the handoff from SPH to I3VIS. 
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Aragonite precipitation in hypersaline Ca-rich Dead Sea 
(DS) and in it's precursor, the late Pleistocene Lake Lisan, are 
a result of common ion effect induced by mixing of high 
bicarbonate freshwater runoff with the Ca rich brine (Ca≈0.38 
mol·kg-1). Evaluating the aragonite precipitation kinetics and 
thermodynamics in the DS brines and its mixtures with 
freshwater is of great importance for understanding the 
limnological/hydrological regime under which the Holocene 
and Late Pleistocene aragonite laminae were deposited. 
Preliminary field and experimental data on the DS carbonate 
system are presented. 

Depth profiles of total alkalinity, dissolved inorganic 
carbon (DIC) and its isotopic composition (δ13CDIC) were 
conducted bi-monthly in the DS. In the laboratory, DS brine 
was equilibrated with atmospheric CO2 in order to remove 
excess CO2 from the solution. Fine aragonite powder was 
added to the CO2-equilibrated brine to serve as aragonite 
precipitation nuclei and the total alkalinity of the solution was 
measured regularly over several months.  

The measured alkalinity was uniform throughout the water 
column during winter, when the lake is mixed. During 
summer, when the lake is stratified, alkalinity increase was 
measured in the epilimnion. The salinity-normalized alkalinity, 
however, remained constant (3.825 mmol·kg-1) throughout the 
year, impaying conservative behaviour.  

During the equilibration of DS brine with atmospheric CO2 
in the laboratory the pH increased gradually while total 
alkalinity remained constant. Slow but continuous decrease in 
pH and alkalinity were observed following the addition of 
aragonite powder to the equilibrated brine. The experiments 
demonstrate that the DS remains oversaturated with respect to 
aragonite.  

It should be noted that the brine remained oversaturated 
despite the dramatic decline in freshwater inflow during the 
last several decades that supplies the carbonate alkalinity. It is 
suggested that the aragonite laminea along the DS shores and 
inflow of suspended aragonite with scarce flashfloods did not 
provide enough crystalization surfaces to attain saturation. 
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The study area is located in south of the Senjedeh gold 

deposit. It is one of the 9 gold mines in Mouteh region. The 
Mouteh gold sub zone is a part of the Golpayegan – Hamadan 
gold zone. The area is located in Sanandaj-Sirjan geological 
zone of Iran. The host rocks of the area consist of 
metamorphic, acid to intermediate, metarhyolite and schists. 
The main minerals of these rocks are chlorite, biotite, 
actinolite, hornblende, muscovite and opaque. Rock texture 
consist of mostly granoblastic, lepidoblastic and mylonitic. 
The texture is affected by tectonical activity of the region. The 
metamorphic process of the area is mostly amphibolite facies. 
The most significant alteration of this area is chloritization and 
silicification that associated with gold mineralization. The 
gold-bearing dominant ore minerals consist of pyrite and 
arsenopyrite in veins and disseminated texture. The pyrite 
textures are sub automorph to xenomorph. The other ore 
minerals are iron oxide and hydroxide minerals such as 
magnetite, hematite and goethite. Gold mineralization in the 
area is vein type such as Mouteh gold deposit. The 
petrographic studies show that the arsenopyrite and pyrite are 
the most important gold-bearing minerals in the area. The 
chemical analysis shows that the maximum grade of gold in 
this area is 1ppm which is relatively lower than Muteh area. 
The mineralization in the area show rising of hydrothermal 
solutions via veins is the main source of gold mineralization. 
Gold mineralization in this area is quartz vein type which is 
similar to Mouteh gold sub zone. 
 
Keywords: Metamorphic textures, gold veins, Southern 
Senjedeh, Mouteh, Golpaygan 
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Change in the pressure of Earth's atmosphere is a frontier 

in understanding and documenting the planet's climate 
evolution. Atmospheric pressure today is dominated by 
nitrogen; recent nitrogen budgets indicate substantive 
reservoirs in the continental crust and mantle, which can be 
shown to originate from the atmosphere by nitrogen fixation, 
inclusion or organic carbon or ammonium in rocks, and 
subduction for the mantle [1]. Whilst the existence of these 
reservoirs is clear, when the transfers took place is not. 
However, there are only a few viable options, which we can 
help constrain with models of nitrogen cycle evolution.  

The climatic effect of changing the pressure of a 
radiatively inert species (like nitrogen) varies with pressure. At 
lower pressures, similar to Earth's present atmosphere, pressure 
broadening of absorption lines of the radiatively active species 
dominates [1]. Our new results for the forcing from a wide 
variety of potential greenhouse gases include dependence on 
background pressure, which is of first order importance. At 
higher pressures, increased Rayleigh (molecular) scattering 
dominates. For hot climates at risk of a runaway greenhouse, 
this helps stabilize climate by increasing planetary albedo [2]. 
Did this help early Venus stay temperate? Answering this 
requires understanding how atmospheric nitrogen evolves 
through time, with the record from Earth being our best proxy.  

Empirical constraints on Archean pressure have recently 
been proposed. Som et al [3] proposed a constraint based on 
fossilised raindrop imprints. However, our analysis of this 
suggests that a critical assumption–that imprints from a 
theoretical maximum raindrop size would be preserved–fails. 
Application to the modern atmosphere with contemporary 
imprints likewise failed. Marty et al [4] proposed a noble gas 
systematics constraint, which is quite enigmatic. We suggest 
that this needs to be understood in the context of a model for 
the evolution of the K-Ar-N system, assimilating all the noble 
gas data.  

 
[1] Goldblatt et al (2009) Nature Geoscience, 2, 891-896 [2] 
Goldblatt et al (2013) Nature Geoscience, 6, 661-667[3] Som 
et al Nature, 484, 359-362[4] Marty et al (2013) Science, 342, 
101-104 
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The oxidation of pyrite (FeS2) dominates the geochemistry 
of the Prairie Pothole Region (PPR). This ecologically 
important region occupies extensive portions of the north 
central U.S. and south central Canada and hosts millions of 
small internally drained wetlands whose anionic composition 
evolves to SO4

2- dominant. It is underlain by glacial till 
containing abundant pyrite-bearing shale fragments. We 
studied a 92 ha site near Jamestown ND. Our data document a 
laterally extensive, iron oxide-rich (pyrite depleted), gypsum 
(CaSO4•2H20)-bearing zone in the till (mean depth 6.1 m). 
This oxidized zone overlies pyritic till, which is underlain by 
marine shale. δ34SSO4 values indicate the marine pyrite (i.e. 
isotopically light) origin of SO4

2- in the system. Pyrite in the 
unoxidized till and shale has a mean δ34S of -19‰ which is 
similar to gypsum in the overlying oxidized till (-17‰). 
Sulfate in groundwater (-11‰) and wetland water (-6‰) are 
slightly heavier but positively correlated δ18OSO4 and δ34SSO4 
values in these samples suggest microbial reduction is 
responsible for this positive shift.  

We confirmed that oxidation of pyritic till is widespread in 
the region using data from nearly 500 well logs in a 103 km2 
area surrounding the ND study site which document oxidation 
of surface till to an average depth 7.8 m . The widespread 
extent of marine pyrite as a sulfur source for PPR wetlands is 
also confirmed by δ34S values for SO4

2- from 163 wetlands 
spanning four U.S. States with a mean δ34S value of -9‰. Our 
data point to a major role for sedimentary sulfur 
transformations in defining PPR upland and wetland sulfur 
geochemistry. 
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Zircon (U-Th)/He is an increasingly popular method of 
interpreting low-temperature thermal histories, based on the 
production and diffusive loss of radiogenic 4He from 
individual zircon grains. Both the α-decay of U and Th, and 
the spontaneous fission of 238U, cause atomic dislocations in 
the zircon crystal lattice. This damage accumulates over 
geologic timescales and can undermine standard assumptions 
regarding helium diffusion in zircon, especially at doses 
exceeding ~2 × 1018 α-decays/g. A quantitative understanding 
of the relationship between radiation dose and helium diffusion 
kinetics is not only critical for accurate modeling of thermal 
histories, but could recover information from a range of 
temperatures and/or multiple thermal events. The newly 
published model by Guenthner et al [1] provides an excellent 
framework for these relationships; however, it has only been 
tested in a limited number of natural settings. In order to 
develop a model to account for these relationships, we analyze 
zircons from slowly-cooled crystalline rocks from the Hall 
Peninsula of Baffin Island, Canada and assorted crystalline 
rocks from the Sinai Peninsula, Egypt. Samples in this study 
are analyzed by: Raman spectroscopy, to estimate radiation 
dose; LA-ICP-MS depth profiling, to account for 
heterogeneous U and Th distribution; and step-heated, 
fractional-loss diffusion experiments to measure diffusion 
kinetics, followed by standard (U-Th)/He analysis. We observe 
a clear negative log-linear relationship between apparent zircon 
(U-Th)/He age and effective uranium concentration (eU = [U] 
+ 0.23[Th], as a proxy for radiation dose), with dose estimates 
one order of magnitude lower than previously observed for 
significant diffusivity increases. Preliminary interpretation of 
step-heating experiments have yielded closure temperatures in 
the range of 140 - 186 °C (dT/dt = 10 °C/m.y.). Furthermore, 
we note significant changes in diffusion kinetics occurring at 
540 - 560 °C for highly damaged zircon, including decreases in 
D0/a2 over two orders of magnitude, resulting in significant 
changes in nominal closure temperature. These data will be 
instrumental in the development of an improved model capable 
of extracting complex thermal histories from metamict zircon. 

 
[1] Guenthner et al (2013) American Journal of Science. 
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The lithosphere beneath cratons may largely be affected by 
metasomitic infiltration of slab-derived alkali-rich carbonate 
melts. In this study we estimate the scale of this process on the 
basis of our experimental results, literature data on the 
stabilities of phlogopite [1] and carbonates (K2Mg(CO3)2±H2O) 
[2], and occurrence of alkali-bearing carbonate inclusions in 
mantle-derived material [3]. Our experiments simulate 
metasomatic reactions between slab-derived carbonate melts 
[4] and mantle peridotites at 8-13 GPa and 900-1400 oC. 
According to the results obtained, the extent of metasomatic 
perturbation in lithosphere can reach > 200 km: from the base 
of deep lithospheric roots, with the thickness up to 300 km [5], 
to shallower depths of ~ 110 km. At ~ 390 km depth 
percolation of slab-derived K-rich dolomitic melts transforms 
mantle peridotites into alkali-rich carbonated garnet wehrlites. 
Solidi of such metasomatized peridotites are defined by the 
stability of KMg-double carbonate and lie ~ 220 oC below an 
average mantle geotherm, allowing for the presence and further 
migration of K-rich carbonate (+H2O) fluids or melts at 
favorable fO2 conditions. Fluid path will be marked by 
metasomatic enrichment of mantle peridotites in K, C, and 
incompatible elements. At 6 GPa and ~ 1200 oC, i.e. conditions 
of a cold cratonic geotherm, phlogopite becomes part of the 
stable mineral assemblage. Nevertheless, these conditions still 
exceed the temperature stability of K2Mg(CO3)2 + H2O and 
hence do not inhibit further fluid migration. Complete 
solidification can be achieved only at shallower depths within 
the cold Archean lithosphere. Based on cratonic geotherms, 
K2O-CO2-H2O liquids are expected to freeze only at depths of 
≤ 110 – 115 km, supported by multiphase K,Na,C-carbonate 
inclusions as reported in mantle-derived material equilibrated 
at ~ 35 kbar. Isotopic constraints on the source enrichment of 
alkali-rich utramafic magmas (kimberlites, lamprophyres, ol 
lamproites-group II kimberlites) emplaced within AR cratons 
also indicate the widespread involvement of ancient slab-
derived metasomatic agents [5].  

 
[1] Enggist et al (2012) CMP 163, 467-481. [2] Shatskiy et al 
(2013) AmMin 98, 1593-1603. [3] Giuliani et al (2012), Geol 
40, 967-970. [4] Grassi & Schmidt (2011) CMP 162, 169-191. 
[5] Artemieva & Mooney (2001). JGR 106 (B8), 16387-16414. 
[6] Kargin et al (2014). Petr 22(2), 1-37.  
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The tectonic and petrologic diversity of the western 
Mexican arc provides an excellent framework for studying the 
mechanisms of element recycling at subduction zones. 
Influenced by the steep subduction of one of the youngest slabs 
on Earth (Rivera plate), and by the existence of a continental 
rift at ~230 km from the trench, the composition of primitive 
magmas changes dramatically across arc. Potassic 
lamprophyres with strong subduction (Rb/Ta= 40-150), rutile 
(Nb/Ta= 17-27) and garnet (Gd/Yb= 2-8) signatures are 
common at the volcanic front, whereas shallower (Gd/Yb= 2-
2.5) intraplate basalts (Rb/Ta= 4-20) erupt farther away from 
the trench. Primitive magmas in western Mexico thus portray a 
textbook transition from an arc volcanic front to an extensional 
back-arc basin. And yet five calc-alkaline andesitic 
stratovolcanoes with trace element characteristics that suggest 
a key role of residual amphibole (Rb/Ta= 25-106; Gd/Yb< 2; 
Nb/Ta< 15) have been constructed within the back-arc during 
the past ~200 ka. Crystal fractionation of basalts or partial 
melting of crustal amphibolites cannot explain andesite 
petrogenesis, while melting of an amphibolitic slab can be 
ruled out because the oceanic plate currently rests at >300 km 
beneath the back-arc [1]. Interestingly, slab-fluid temperatures 
estimated with the H2O/Ce geothermometer [2] are higher for 
lamprophyres at the volcanic front (>1,000 °C) than for 
andesites at the back- arc (~850 °C), a thermal mismatch that is 
inconsistent with the predicted thermal structure of a 
subduction zone. This indicates that slab fluxes do not always 
follow a vertical path, and that the compositions of volcanic 
rocks may not bear a direct relationship to a specific slab 
geotherm. We thus suggest that the Mexican arc magmas 
represent partial melts of rising diapirs made by mixtures of 
hydrous mantle, sediments, and possibly eroded crustal blocks, 
which detach buoyantly from the downgoing slab as discrete 
plumes. Large buoyant diapirs can melt at shallow depths and 
lower temperatures, creating andesitic stratovolcanoes, 
whereas smaller plumes may be down-dragged and melt deep 
to form potassic lamprophyres.  
 
[1] Yang et al (2009) J. Geophys. Res. 114, B1. [2] Plank et al 
(2009) Nature Geosci. 2, 611-615. 
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Filamentous microorganisms are thought to have evolved 

by at least 1.9 Ga and possibly as early as 3.5 Ga [1]. However, 
individual microfossils are difficult to obtain and interpret. The 
identification of communities and their behaviors based on 
interactions with the sedimentary environment potentially 
offers far more material for analysis. Monocultures of 
filamentous cyanobacteria (Leptolyngbya sp.) were grown on 
sand and observed with time-lapse videos. Resultant 
communities formed mobile ridges and cones. Movement of 
groups of bacteria generated forces sufficient to roll individual 
sand grains over the sediment surface. These activities 
effectively sorted loose sands based on composition (density) 
and size because larger and lighter grains were generally easier 
to roll over other grains and were more exposed to moving 
groups of bacteria. Sorting was most efficient around the 
flanks of stabilized cones and ridges, resulting in finer and 
heavier grains concentrated on the bases and coarser and 
lighter grains near the tops. 

High resolution x-ray fluorescence scans were employed to 
detect sorting patterns of compositionally distinctive heavy 
minerals on polished slabs of rocks. 3.22 Ga microbial mat 
deposits [2] (Moodies Group, Barberton Greenstone Belt, 
South Africa) contain coarser quartz minerals prefentially in 
and on conical and ridge-shaped features, while smaller zircon 
and rutile grains are present in topographic lows on both sides. 
Feldspar grains are distributed similarly to quartz grains, 
although sorting is less prounced. Less efficient sorting of 
feldspar grains likely results from their more blocky shapes 
which would have made them more difficult to roll over other 
grains. Because patterns of mineral sorting by groups of 
filamentous organisms moving up slopes are unique relative to 
sorting patterns produced by other physical processes, they can 
potentially serve as robust biosignatures. This research thus 
suggests a novel biosignature based on specific experimentally 
observed microbial processes. 
 
[1] Schopf (2006) Phil. Trans. R. Soc. B, 361, 689-885. [2] 
Heubeck (2009) Geology, 37, 931-934. 
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In order to study on geochemical features of Mesozoic-

Paleozoic source rocks in Qinghai-Tibetan Plateau permafrost 
regions, the Permian,Triassic and Jurassic source rocks from 
Wuli and Qilianshan permafrost regions have been tested and 
made comparisons. The analyzed results show that the organic 
matter abundance of Wuli Permian Upper Member source 
rocks is poor (TOC<0.75%), while the abundance of Lower 
Member is fair to good (TOC>0.75%). The type of organic 
matter is mainly constituted by Ⅲ kerogen. The evolutional 
stage of Permian source rocks is very high, reaching to 
excessive maturity. The organic matter abundance of 
Qilianshan Triassic source rocks is fair to good, the average 
TOC reaches to 0.88%. The type of organic matter is mainly 
constituted by Ⅱ kerogen. The evolutional stage of Triassic 
source rocks is very high, reaching to excessive maturity. The 
organic matter abundance of Qilianshan Jurassic source rocks 
is very high, the average TOC reaches to 3.77%. The type of 
organic matter is mainly constituted by Ⅱ kerogen. Most of 
Jurassic source rocks reach to maturity with a few excessive 
maturities. Considering that the maturity of Permian and 
Triassic source rocks is very high, their original abundances 
could be higher than that of actual tested results. It can be 
drawn a conclusion that the organic matter abundance of 
Mesozoic-Paleozoic source rocks from Wuli and Qilianshan 
permafrost regions in Qinghai-Tibetan Plateau is general good, 
the types of organic matter are mainly composed of Ⅱ and Ⅲ 
kerogen, organic matter reaches to maturity and excessive 
maturity, which are benefit of oil and gas generation, 
especially for gas generation. 
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We report here a novel microfludic approach to enable to 
investigate the continuous process of heterogeneous nucleation 
and growth of calcium carbonate. Crystallization occurred in 
an array of spatially defined 48 individual chambers with 
tuneable sizes, 50 um to 400 um in diameter and 2.5 um to 150 
um in height. Each room provided independent environment 
facilitating multiple reactions at once.  

Initially Ca solutions with or without soluble additives 
(organic molecules, synthetic polyelectrolytes or proteins) 
were preoccupied in the total 48 rooms, into where carbonate 
gas was introduced to initiate precipitation of calcium 
carbonate. Importantly the gradient level of supersaturation of 
crystallizing solution in each room was obtained in progressive 
manner by controlling the flow rate of carbonate vapour. The 
influence of surface chemistry was also studied by modifying a 
substrate with self-assembled monolayers with various 
functional groups. 

Examination of the crystals grown directly on a substrate 
in the array using SEM and raman microscope revealed a 
number of remarkable features. Each room showed progressive 
stages of the crystallization due to the gradient level of 
supersaturation introduced. That is, the room exposed with 
carbonate gas earlier corresponded to later stage of 
crystallization, and one occupied later represented earlier stage 
of crystallizing process. CaCO3 crystallization proceeded 
significantly more slowly in the smaller room, allowing the 
mechanism of crystallization to be readily observed. In 
addition, due to the limited ingredient, the precipitation 
reaction terminated at an earlier stage than in the bulk solution, 
easily showing interesting sequences of morphological 
evolution influenced by the additives with time, which is 
extremely difficult to capture in bulk crystallization system.  

This approach could provide a unique opportunity to study 
heterogeneous nucleation and crystal growth on directly on 
desired substrate in environments where the volume and 
reservoir was restricted. This microfludic design also overcame 
typical nano/micro reactor issues, such as surfactant 
contamination and easy solution evaporation.  

The results are significant for biomineralization processes, 
where mineral formation occurs both within compartments and 
in association with organic matrices, showing that the 
environment in which a crystal forms can have a significant 
effect not only on its morphology and orientation but also on 
the rate of crystallization. 

 



 Goldschmidt2014 Abstracts  

 

833 

833 

Organic matter compositions and 
loadings in soils and sediments along 

the Fly River, Papua New Guinea 
M. A. GOÑI1, A. C. KURTZ2, R. E. AALTO3, J. W. LAUER4 

AND A. K. AUFDENKAMPE5 
1*CEOAS, Oregon State University, Corvallis, OR, USA 

mgoni@coas.oregonstate.edu 
2Dept. Earth & Environment, Boston University, Boston, MA, 

USA kurtz@bu.edu 
3Geography, University of Exeter, Exeter, UK 

Rolf.Aalto@exeter.ac.uk 
4Civil and Environmental Engineering, Seattle University, 

Seattle, WA, USA; lauerj@seattleu.edu 
5Stroud Water Research Center, Avondale, PA, USA 

aufdenkampe@stroudcenter.org 
 

The compositions and loadings of organic matter in soils 
and sediments from a diverse range of environments along the 
Fly River system were determined to investigate carbon 
transport and sequestration potential in this region. Bulk and 
biomarker organic analyses were performed to determine 
specific mineral surface area, organic carbon, nitrogen and 
inorganic carbon contents, stable and radiocarbon isotopic 
compositions and yields of vascular plant-derived products 
(lignin phenols and cutin acids) in these samples. Our results 
show that organic matter in surface soils from active 
floodplains reflects local vegetation inputs mixed with 
allocthonous organic matter derived from eroded bedrock. Low 
overall organic matter contents in deeper mineral soils point to 
oxidative losses of organic carbon during storage. 

Most soils from highland sites and active floodplain sites 
display intermediate organic carbon loadings (0.25-0.5 mg 
C/m2) whereas soils from floodplain sites with low or 
negligible accumulation rates display much lower loadings 
(<0.1-0.25 mg C/m2). Parts of the floodplain with little 
sediment accumulation appear to be regions of very efficient 
organic matter mineralization and low net storage capacity. 
Regions of the floodplain with active sedimentation appear to 
stabilize organic matter from local vegetation and 
allochthonous, pre-aged sources. Comparisons with previous 
studies indicate surface soils from most floodplain regions 
have lower preservation efficiencies than surface marine 
sediments from offshore depocenters located along the Fly 
delta-clinoform system. Combined with measurements of 
accumulation rates, we use these data to evaluate the overall 
sequestration potential of carbon along this globally significant 
sediment dispersal system. 
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The Ca isotopic composition of calcium carbonate 

(CaCO3) minerals have become increasingly utilized as proxies 
for global weathering fluxes, changes in ocean chemistry, and 
climate on million-year time scales. The use of Ca isotopes as 
a proxy is complicated by isotopic fractionation during 
precipitation, the formation of polymorphs under Earth surface 
conditions, and the observation that isotopic effects depend on 
phase. While calcite is the most stable polymorph, and thus the 
dominant phase found in the rock record, the pathway by 
which the stable polymorph is achieved can vary. Additionally, 
proxy utility depends on fractionation factors derived from 
precipitation experiments. 

In this study, the influence of solution chemistry on the 
formation of CaCO3 polymorphs was investigated. Unseeded 
precipitation was initiated in small volume (0.1 mL) flow-
through reactors, and mineral growth observed in-situ using 
optical microscopy and Raman spectroscopy. CaCl2 and 
Na2CO3 solutions were mixed in the reactor from separate 
reservoirs using syringe pumps to control flow rate (0.005– 0.1 
mL/min). Initial saturation indices (with respect to calcite) 
ranged from 1.5–3.0, while pH varied from 8.0–10.0. A subset 
of the experiments included the addition of NaCl, NH4Cl, 
Na2HPO4, and arginine. In nearly all experiments, both 
rhombic calcite and vaterite, in almond or flower 
morphologies, were observed. Vaterite to calcite ratios varied 
within reactors and were dependent on whether growth was 
initiated within the solution or on the reactor walls. Once 
present, vaterite crystals continued to increase in mass 
throughout an experiment and did not transition to calcite. 
While the addition of NH4

+ did not affect significantly phase 
distribution, the presence of both Na2HPO4 and arginine 
drastically inhibited the precipitation of vaterite while NaCl 
slightly promoted the precipitation of calcite. 

Our results suggest that there are a variety of issues with 
respect to interpretation of Ca isotope data from precipitation 
experiments, including sampling protocol, the effects of 
additives, and method by which precipitation is achieved. In 
light of our results, we present a numerical model that 
quantifies the phase effect on the interpretation of Ca isotope 
fractionation factors. 
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Bioindicators have been used in urban and industrial areas 

to control the atmospheric pollution. In this sense, mosses are 
most efficient because they have the capacity to reflect the 
chemical composition of the environment where they inhabit. 
This research work is focused in the role of four native mosses 
(Hypnum sp., Sphagnum sp., P. purum and B. rutabulum) as 
bioindicator for Zn pollution in Europe, via& combining 
physico-chemical characterization of moss surfaces and 
measuring Zn isotopic fractionation between mosses and 
aqueous solution. 

The acid–base titrations were performed for a pH range 
from 3 to 10. The pH values of the zero net proton adsorption 
(pHPZC) were equal to 5.01 ± 0.13 (Hypnum sp.), 4.64 ± 0.10 
(Sphagnum sp.), 4.96 ± 0.14 (P. purum) and 6.23± 0.25 (B. 
rutabulum). B. rutabulum showed the highest excess of 
adsorbed protons (0.21mmol L-1), whereas Sphagnum sp. 
exhibits the highest negative surface charge. Consequently 
Sphagnum sp. may be the most efficient cation adsorbent, as it 
has the highest number of negatively charged moieties on the 
surface. The results of surface complexation modeling of all 
four moss species suggested the presence of several functional 
groups: phosphodiester (pK a= 3.6–3.7), carboxyl (pKa = 4.7–
5.7), phosphoryl (pKa =5.9–7.4), amine (pKa = 7.7–9.2) and 
polyphenols (pKa =10.1–10.4). The pH-edge adsorption studies 
yielded the maximal adsorption as 73% at pH = 7.8 for all the 
species, following and “universal adsortpion edge”. The degree 
of Zn adsorption can be ranked as following: B. rutabulum ≥ 
Sphagnum sp. ≥ Hypnum sp. ≥ P. purum. The langmuirian 
studies demonstrated that the species could be ranked as: B. 
rutabulum ≥ Sphagnum sp. ≥ P. purum ≥ Hypnum sp. Where 
Sphagnum sp. showed the maximum number of binding sites 
(28.6 mmol g-1). All the species presented a similar maximum 
adsorption capacity (qmax) that was from 0.7 to 1.1 mmol g-1. 

The isotopic fractionation of Zn during Sphagnum sp. 
adsorption experiments is within 0.3 ‰ for 66Zn. Therefore, 
mosses can be used as strightforward tracers of environmental 
pollution since there is very little modification of the isotopic 
signature of Zn source during Zn uptake or adsorption on moss 
bags from the aerosols. 
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Mineral may incorporate tiny droplets of fluids while they 
crystallize, these fossil samples can provide direct information 
of the environmental conditions presented during the growth of 
minerals. LA-ICP-MS is the commonly technique used to 
quantify trace elements in these fluid inclusions thanks to the 
excellent analytical figures of merits: multielement analysis 
capability, including stable isotopes measurements, precision 
below 3 % expressed as RSD and limits of detections below 1 
mg/kg. Fluid inclusion analysis are ususally carried out by 
drilling in one location of the mineral until the inclusion is 
reached, meanwhile the ablated material is transported into an 
ICP-MS for chemical analysis.  

In this work we evaluated the analytical performance of a 
high repetiton rate fs-LA-ICP-(TOF)MS system for the 
analysis of different quartz fluid inclusions. Specifically, it was 
studied the analytical benefits of different ablation modes for 
quantification purposes. The combination of high repetition 
rate fs-laser with ICP-(TOF)MS was selected bacause of its 
attractive characteristics, among these are: fs- pulses induce a 
small heat effect region in the sample; fs-LA produces fine 
aerosol size; and the TOF system is a fast speed simultaneous 
mass analyser that may collect the entire mass spectrum in less 
than 30 µs which is ideal for multielemental transient signals 
produced by the fluid inclusions.  

The experimental system included a LA system (J100 
Applied Spectra, Inc.) coupled to an ICP-(TOF)MS (GBC 
Scientific Optimass 9000). Results show that high speed raster 
ablation mode with the femtosecond laser allows a better 
identification and integration of the fluid inclusion signals 
thanks to a better release of the particles in the ablation process 
when compares to the multiple continuous shots pattern.  
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There are numerous studies of diagenetic carbonate 

transformations of sedimentary successions, but there few 
systematic studies of REE and HFSE mobility in carbonate-
rich units affected by post-depositional fluid and/or 
methamorphic events. Here we investigate the formation of 
calcsilicates and whether metasomatism that converted primary 
carbonates to calcsilicates imposed distinct REE and HFSE 
signatures relative to their siliciclastic and igneus adjacent 
units. 

The Mesoproterozoic Bangemall Supergroup in the 
Edmund Basin, Western Australia, consists of fine-grained 
siliciclastic and carbonate sequences. Dolerites and subordinate 
gabbros, were intruded as sills and dykes into the 
Mesoproterozoic siliciclastic-carbonate sedimentary sequence. 
Dolerite sill -sedimentary rock contacts in the Ullawarra area 
display structures indicative of devolatilization of magmatic 
fluids along sill contacts. Calcsilicate contact metamorphic 
minerals have resulted from metasomatism by Ca-rich fluids 
under oxidizing conditions. High CO2 magmatic and/or 
meteoric fluids have dissolved limestone units, enriching the 
fluid in Ca, inducing metasomatism to form calcsilicates due to 
sill-emplacement. From the available data, peak P-T conditions 
were ~7 kbars and ~600° C, resulting in kyanite formation 
which retrogressed to sillimanite. After the dolerite-
siliciclastic-limestone interaction due to sill emplacement, and 
calcsilicate formation as a consequence of the metasomatic 
reaction with carbonate, the calsilicates mimic the Zr/Hf, 
Nb/Ta, Th/U, Y/Ho and LREE/HREE ratio values of the 
adjacent siliciclastic- units. Dolerites preserved the Zr/Hf, 
Nb/Ta ratios, and Th concentrations, clustering close to MORB 
and UCC average values, and therefore, Zr, Hf, Nb, Ta and Th 
behaved as immobile elements, whereas U, LREE and Ho are 
mobile and were removed from the system. 

Comparable siliciclastic-carbonate environments (fluids, 
salinity, complex ligands) at low temperature display 
significantly different REE and HFSE fractionation behaviour. 
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Trace element dispersion due to weathering processes has 

been extensively studied under diverse climatic conditions and 
geological frameworks. However, the mechanisms that 
fractionate REE and HFSE at low temperature in the regolith 
remain largely unknown. In the SW of Australia, regolith has 
been developing for ~65 Ma, and reaches depths of up to 200 
m. The paleoclimatic evolution of exposed Albany-Fraser 
Orogen (AFO) ranged from humid and sub-tropical during the 
Mesozoic until the Late Tertiary, shifting during the 
Quaternary to arid and semi-arid. Therefore, weathering 
profiles in the AFO result from successive climatic 
overprinting. 

The regolith in the NE of the AFO margin presents a total 
thickness of ~75 m, with a transported cover of ~25 m, and an 
in situ regolith divided into ferruginized lower saprolite; sandy 
kaolinitic upper saprolite, and a overlying silcrete unit. REE 
are present mainly in anatase and zircon, which accumulate in 
the silcrete unit, where ilmenite is altered to anatase.	  
LREE/HREE fractionation ranges from ~35 in the lower 
saprolite to ~15 in the upper saprolite, whereas Zr-Hf 
concentration increases from ~60-320 ppm in the basement 
and lower saprolite, up to 130-700 ppm in the upper saprolite. 
Zr/Hf varies between 30 and 55 in the basement, whereas in 
the regolith it spans 40-65. Nb/Ta varies from ~15 to ~65 in 
the lower saprolite, and ~7 to ~15 for the upper saprolite. 
Weathering developed in oxidising acidic conditions in a low 
saline groundwater environment, forming profiles resulting in 
low vertical hydromorphic dispersion of REE, HFSE and 
transition metals within the upper saprolite, with no detectable 
expression in the overlying transported and aeolian soil cover. 
Zr/Hf and Nb/Ta may be influenced by parent lithology. 
However, these ratios change in value at the same depth as the 
water table seasonal oscilations, and remain constant within the 
upper saprolite and the overlying transported cover, suggesting 
that the HFSE ratio change is due to a weathering process, 
which remains enigmatic. 
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Geological mapping, U-Pb zircon age dating, Lu-Hf and 
Sm-Nd isotopes, whole-rock geochemistry, and mineral 
chemistry was performed in samples from the Southern 
Chiapas Massif (SE Mexico), a medium- to high-grade 
metamorphic complex in the Southern Maya Block. U-Pb 
zircon geochronology implies exposed ~1.0 Ga basement 
including felsic orthogneiss (ƐHfi = -8, ƐNdi = -7, SiO2 = 67 
%wt.) and metabasites (ƐHfi up to +10, ƐNdi +5, #Mg 28-60). 
The rocks underwent strong ductile deformation and upper 
amphibolite facies metamorphism locally with anatexis. The 
migmatites show transition from homogeneous diatexite to 
strongly foliated metatexite. U-Pb zircon ages indicate that 
neosome from amphibolites crystallized at ~450 Ma coeval 
with granitic plutons in the area [1]. Slightly older (~480-460 
Ma) S–type granitic intrusions [2,3] are interpreted in terms of 
partial melting of metasedimentary rocks, prior to the anatexis 
of the mafic protoliths. A collisional tectonic setting is 
suggested for the resulting granitoids. In previous works, 
metabasites have been linked to an extensional tectonic setting 
related to the opening of the Rheic Ocean [1]. The new data 
presented here, require a reinterpretation of the tectonothermal 
history. Petrographic and electron microprobe analyses on 
metabasites revealed that the rocks underwent regional 
Barrovian metamorphism with peak P-T conditions of >8 kbar 
and up to 750 ºC, in the transition from amphibolite to 
granulite facies. The petrogenetic observations are explained 
with processes during Taconic-Salinic orogenies that involved 
accretion of arc-back-arc complexes to the Gondwanan margin 
or other peri-Gondwanan blocks in Ordovician times. A 
paleogeographic model is proposed that suggests a common 
evolution for the Maya Block and other allochthonous blocks 
from Northern South America. 

 
[1] Estrada-Carmona et al (2012) Int. Geol. Rev., 54, 1918-
1943. [2] Weber et al (2008) J. Geol., 116, 619-639. [3] Solari 
et al (2013) J. Geol. Soc. Bull, 125, 625-639. 
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The La Cabaña meta-peridotite massif is the the largest 

exposure of upper mantle rocks in the metamorphic basement 
of the Coastal Cordillera of Central Chile. The massif consists 
of meta-dunites hosting a few chromitite bodies. Greenschist-
amphibolite facies metamorphism at ca. 250 Ma ago has 
produced strong changes in the structure and chemistry of the 
original chromite. In particular, chromite grains forming 
chromitite bodies show cores surrounded by Fe2+-rich porous 
chromite, which sometimes may be enveloped by Fe3+-rich 
chromite (or ferrian chromite). This alteration of chromite is 
associated to the chemistry of the fluids (reducing or 
oxidizing), the chromite/silicate (olivine, serpentine) ratio, and 
the water/rock ratio. 

The chromitites show total whole-rock PGE contents 
varying from 108 to 1321 ppb, with the typical the typical 
predominance of IPGE (Os, Ru, Ir= 106-1198 ppb) over PPGE 
(Pt, Pd, Rh= 2-36) reported for Type-I ophiolitic chromitites 
[1]. The abundances of IPGE have their mineralogical 
expresion as abundant inclusions of Os-Ir-Ru alloys, laurite 
(RuS2)-erlichmanite (OsS2), irarsite (IrAsS), and minor omeiite 
(OsAs2), and Ru-Ni alloys. The PPGE-rich assemblage mainly 
includes Rh-rich minerals such as hollingworthite (RhAsS) and 
an unidentified antimonide (Rh-Cu-Sb). Laurite-erlichmanite is 
comonly replaced by Os-Ir-Ru alloys in pores of Fe2+-rich 
chromite, suggesting desulfurisation under reducing 
conditions. This process could be also responsible for the 
formation of Ru-Ni alloys after breakdown of Ru-bearing Ni-
rich sulfides. In contrast irarsite, omeeite and the unknown Rh-
Cu antimonide are most likely associated with oxidising fluids 
supplying As and Sb to the system causing “within-system” 
redistribution of the PGE. 
 
[1] González-Jiménez et al (2014). Lithos 189, 140-158. 
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Interactions of streams and groundwater have been 

identified as a key driver of water quality in surface waters 
over the past several decades. However, the techniques used to 
quantify these interactions, and therefore the impact on 
biogeochemical cycling has, until recently, either been over-
simplified (i.e., overly interpreted signals from tracer 
experiments) or overly detailed requiring extensive field data 
(i.e., groundwater flow modeling). We have developed several 
techniques to provide straight-forward quantification of 
stream-groundwater exchanges at a variety of spatial and 
temporal scales. In this presentation, we will present 
applications of (a) stream water (and solute) mass balance 
approaches for reach-scale investigations, (b) simple 
techniques to deconvolve tracer breakthrough curves into 
transport component mass-fractions, and (c) electrical 
geophysics techniques to reveal the 2-D and 3-D extent and 
temporal dynamic of actively exchanging stream water through 
riparian aquifers. We will also present some of the implications 
for using these techniques in field investigations of 
environmental geochemistry and biogeochemical cycling. The 
incorporation of these techniques has allowed us to revise our 
conceptual models of stream-groundwater interactions and 
their potential to influence stream and subsurface water 
quality. 
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The recent discovery of “electric cable bacteria” in marine 

sediments fundamentally challenges traditional understanding 
of microbial life at redox transition zones [1] Multicellular 
assemblages of organisms from representing the 
Desulfobobaceae can span over 1.5 cm and can transfer 
reducing equivalents from hydrogen sulfide and sulfide bearing 
minerals at depth to oxygen at the water-sediment interface at 
speeds that greatly exceed reasonable diffusion rates.  

To determine if similar organisms are present within 
freshwater systems, we sampled reducing sediments at the 
confluence of the Hudson and Mohawk Rivers in upstate New 
York. Samples were sieved to remove predatory organisms, 
placed in glass test tubes and incubated at room temperature 
for 2 weeks. Following development of a stratified redox 
gradient, samples were prepared for scanning electron 
microscopy using a critical point drying method to preserve 
biological fine structures. An abundance of filaments reaching 
more than 1 mm in length were observed at the redox transition 
zones. These filaments displayed extracellular ridges running 
the entire length of the filaments, which are characteristic for 
electric cable bacteria from marine sediments. This 
presentation provides an update on the biogeochemical and 
genomic characterization of cable bacteria freshwater systems. 
 
[1] Pfeffer C, Larsen S, Song J, Dong M, Besenbacher F, 
Meyer RL, Kjeldsen KU, Schreiber L, Gorby YA, El-Naggar 
MY, Leung KM, Schramm A, Risgaard-Petersen N, Nielsen 
LP (2012), Nature 491(7423):218-21.  
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Porosity measurements of hydrocarbon rich shales are key 

to determine the hydrocarbon quantity in a deposit and the 
effects of anthropogenic activities associated with gas 
production. Although there is much data obtained in the field 
by means of borehole measurements, there are limitations to 
the size and scale of the pores that can be quantified by current 
field-based methods. In order to quantify the extent to which 
these pores exist in hydrocarbon-bearing media relevant to 
unconventional gas extraction, methods have been developed 
to quantify pores with sizes ranging from the nano to macro-
scale regimes with small angle neutron scattering approaches 
which include small and ultrasmall angle neutron scattering 
((U)SANS) as well as imaging methods[1-3]. 

In this investigation, SANS was performed on 
hydrocarbon-bearing shale core samples from Eagle Ford of 
varying maturities and Marcellus Shale deposits to quantify the 
nature and range of pores observed in their native chemical 
states. Porosity evolution was probed with acid treatment as 
well as precipitation reactions for two common scale 
producing minerals, barite and calcite. Extractions of the 
organic phases were performed and the porosity remeasured to 
understand the role that organics of varying polarity play in 
determining the porosity of these shales. The results of this 
investigation will show relationships between pore size and 
hydrocarbon chain length, polarity, total organic carbon (TOC) 
and other parameters lending insight into solvent accessibility 
into pores of varying sizes. 

 
[1] Anovitz et al (2008) Geochim Cosmochim Acta, 72, A28. 
[2] Anovitz et al (2009) Geochim Cosmochim Acta 73, 7303–
7324. [3] Ruppert et al (2013) Energy Fuels, 27, 772–779. 
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While progress has been made in quantifying primary 

particulate matter (PM) emissions from combustion sources, 
fewer studies have characterized the secondary PM formed 
from the emissions from these sources, and fewer (if any) 
experimental studies have holistically examined the link 
between tailpipe emissions from mobile sources and ambient 
PM. In this study dilution and smog chamber experiments were 
performed to characterize the primary emissions and secondary 
organic aerosol (SOA) formation from gasoline and diesel 
vehicles and gasoline small off-road engines (SOREs). We 
then calculated the total PM (primary+secondary) contribution 
of these mobile sources to ambient PM in L.A. by combining 
primary emission, SOA production and fuel consumption data. 

Substantial SOA formed during every experiment with 15 
gasoline vehicles. The emissions from some vehicles generated 
as much as five times the amount of SOA as primary PM, 
suggesting that ambient PM from gasoline vehicles is likely 
dominated by SOA. Tests with two heavy-duty diesel vehicles 
(HDDVs) equipped with catalyzed diesel particulate filters 
(DPFs) produced negligible primary PM and SOA. Therefore, 
catalyzed DPFs appear to be very effective in reducing both 
primary PM and SOA formation from HDDV exhaust. A 
HDDV without a DPF emitted large amounts of primary PM 
but generated relatively small amount of SOA—comparable 
with the newest gasoline vehicles. Therefore, the ambient PM 
contribution of HDDVs without aftertreatment is likely 
dominated by primary PM emissions. Gasoline SOREs emit 
extremely high levels of primary PM, and their emissions also 
generate many times more SOA per kg of fuel than any of the 
other mobile sources. However, the vastly greater fuel 
consumption of on-road vehicles renders them (on-road 
vehicles) the principal mobile source of ambient PM in the Los 
Angeles area. 
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Molybdenum (Mo) isotopes are being used as a proxy to 

trace paleo-redox condition of oceans and constrain variations 
in spatial extent of ocean anoxia in the past. Quantitative 
interpretation of Mo isotope record in marine sediment 
deposits to derive redox conditions of ancient oceans requires 
representative data on Mo input and its isotope composition to 
the oceans. The divergent behavior of Mo and its isotopes 
reported in estuaries makes it important to investigate their 
behaviour in estuaries with different geological and 
environmental characteristics to obtain a more representative 
data on the riverine flux of Mo and the isotope composition of 
dissolved Mo supplied to the oceans. This information is 
important to refine the contemporary isotope budgets of Mo 
and for using this isotope system to determine variability in the 
spatial extent of redox conditions of the ancient oceans. Mo 
concentration and its isotope composition have been meaured 
in dissolved and particulate phases of the Ganga river and its 
estuary, the Hooghly to (i) assess the impact of 
physical/chemicalweathering in the basin on the isotope 
fractionation of Mo and (ii) constrain its flux and δ98Mo of 
the Ganga to the Bay of Bengal. The water and suspended load 
from the Ganga mainstream and its tributaries were sampled 
from its headwaters in the Himalaya to the outflow during 
monsoon seaosns of 2008, 2010 and estuary in 2013. Their Mo 
concentration and δ98Mo were determined using double spike 
on Neptune MC-ICP-MS at PRL. Mo concentration and its 
isotope composition in mainstream and tributaries range from 
9 – 22 nmol/kg and -0.3 – 0.2 ‰ respectively. δ98Mo of the 
Ganga mainstream remains close to 0 ‰ and displays little 
variation along the course. Lower δ98Mo of the Ganga could 
be due to higher physical weathering compared to chemical 
weathering. In Hooghly estuary dissolved δ98Mo varies from -
0.16 to 2.10 ‰ between salinity 0 to 32.4 with concentration 
16 to 86 nmol/kg. Mo concentration shows conservative 
behaviour with salinity in the Hooghly estuary, however, 
δ98Mo displays non-conservative bevaiour in this estuary. 
Non-conservative behaviour of δ98Mo in the Hooghly estuary 
could be due to exchange of Mo between dissolved and 
particulate phase or could be due to its supply from submarine 
groundwater discharge. 
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Well preserved aragonitic fossil scleractinian corals are 
attractive targets for paleoenvironmental studies because the 
fact that they are unrecrystallized to calcite gives strong 
evidence that their original geochemical composition is 
preserved as well. 

Here, we present results of a diagenetic study yielding ~60 
well preserved fossil corals, ranging in age from recent through 
Triassic, that can be used to reconstruct paleochemical 
properties of the Mesozoic and Cenozoic oceans. Each 
specimen was exhaustively screened for diagenesis using tools 
including X-ray diffraction (XRD), Scanning Electron 
Microscopy, Cathodoluminesence (CL), clumped isotope 
thermometry, and 87Sr//86Sr. Using Secondary Ion Mass 
Spectrometry (SIMS), we also measured the distribution of Mg 
and Sr in the skeleton as well as Mn and other trace elements 
sensitive to diagenesis.  

We find that these ~60 specimens either completely retain 
their original mineralogy and geochemistry, or retain domains 
of original aragonite that are large enough for sampling. XRD 
analyses suggest that our samples are either completely or 
partially preserved as aragonite. Microscopy studies 
demonstrate that fossil coral crystal textures are similar to 
those found in modern corals. CL imaging either shows total 
absence of luminesence within coral skeletons or the presence 
of small domains of luminesence, further suggesting good 
preservation. Clumped isotopes measured on a subset of 
samples give temperatures ≤35°C for all but one specimen. 
Only 1 of 40 samples measured for 87Sr//86Sr gives an age 
incompatible with the stratigraphic age. SIMS measurements 
of trace elements in well preserved fossils show a general 
inverse relationship between Sr/Ca and Mg/Ca as in modern 
specimens [1]. Finally, even in partially altered specimens, 
microanalysis techniques allow one to avoid microscale zones 
of alteration and recover primary geochemistry. 
 
[1] Gagnon et al (2007) EPSL 261, 280-295.  
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Variations of 238U/235U (δ238U) in sedimentary rocks have 
been proposed as a proxy for paleo-oceanic redox conditions [1, 
2]. To better understand the marine δ238U system, we 
investigated spatial and temporal variation of δ238U in 
ferromanganese crusts from the Pacific Ocean.  

In the surface layers (0-3 mm depth) from 6 seamounts, 
δ238U shows little variation, ranging from –0.59 to -0.65‰. 
This uniformity is consistent with the long residence time of U 
in modern seawater. δ238U in these sediments is lighter than 
that of present-day seawater by ~0.24‰ [1, 2], consistent with 
fractionation experiments [3]. These results suggest that 
removal of U from seawater to Fe-Mn crusts is responsible for 
the second largest U isotopic fractionation in the modern 
marine system, and helps explain the heavy δ238U of seawater. 

Depth profiles of δ238U in two ferromanganese crusts were 
also investigated. δ238U shows no resolvable variation over a 
depth corresponding to 40 Myr. One interpretation of these 
data is, that the relative proportions of oxic and reducing U 
sinks have not varied significantly over this time. However, 
δ234U depth profiles in the same sediments suggest U 
redistribution after deposition. Therefore, δ238U may have been 
overprinted by secondary mobilization.  

To assess the potential effect of U removal by Mn oxides 
on seawater δ238U, we calculated the seawater δ238U under 
different fractions of U removal by Mn oxides using a simple 
isotope balance model. This calculation suggests that seawater 
δ238U could have varied significantly throughout Earth’s 
history along with the changes of the Mn oxides accumulation 
rate. 

 
[1] Stirling et al 2007 EPSL 264, 208–225. [2] Weyer et al 
2008 GCA 72, 345–359. [3] Brennecka et al 2011 ES&T 45, 
1370-1375. 



 Goldschmidt2014 Abstracts  

 

848 

848 

Cretaceous granitic magmatism in the 
Northern Snake Range, Nevada 

E.S. GOTTLIEB* AND E.L. MILLER1 
1Geological & Env. Sciences, Stanford University, Stanford, 

CA 94305, USA (*correspondence: esgeo@stanford.edu) 
 

During Mesozoic time, the Northern Snake Range 
metamorphic core complex (east-central Nevada) lay in the 
retroarc of the active Sierra Nevada batholith. Tonalite 
orthogneiss and variably deformed leucogranite intrusions, 
emplaced during regional shortening, presently underlie a 10’s-
100’s of km2 area in the lower plate of the metamorphic core 
complex. The orthogneiss was metamorphosed at amphibolite-
facies conditions during Late Cretaceous time (~85-80 Ma), 
coeval with intrusion of the majority of leucogranites [1]. 
Isotopically, the orthogneiss body is relatively primitive 
considering its geographic position (Sri = 0.7070, εNd = -2.8) 
and less evolved than the later leucogranites (Sri ≈ 0.712, εNd 
= -17) [2]. SHRIMP-RG based investigation of zircon from 
these granitic rocks offers new insights into their genesis. 

Orthogneiss samples from Deadman Creek, Smith Creek, 
and Horse Canyon yield 102.1±0.8, 101.5±1.5, 99.4±0.8 Ma 
ages, respectively. Only a few zircons (<5%) are entirely 
Cretaceous in age, whereas most contain pre-magmatic cores 
that yield predominantly concordant 1.0-1.4, 1.6-1.8 and lesser 
2.7 Ga ages, identical to some DZ populations in the 
Neoproterozoic McCoy Creek Group. The Cretaceous zircons 
contain low Hf sector-zoned cores overgrown by high Hf 
oscillatory-zoned rims, potentially reflecting early and late 
growth in first primitive, then crustal-contaminated magmas. 
Zircons from Deadman Creek leucogranites yield 84.2±1.1 and 
74.8±1.2 Ma ages and also contain 1.0-1.4 and 1.6-1.8 Ga 
cores. The younger sample contains ~30% wholly Cretaceous 
zircon with low Hf cores. HREE concentrations in 100 Ma 
zircon are an order of magnitude higher than in 85-75 Ma 
zircon. 

Parental basalt mixing with deep metagreywacke crust 
likely produced the tonalite protolith, whereas 85-75 Ma 
magmatism may reflect partial remelting (and rheologic 
weakening) of deeper 100 Ma tonalite intrusions that 
previously assimilated the metagraywacke crust. Zircon 
inheritance is markedly different from inheritance in the 
nearby 70 Ma Tungstonia pluton, which contains numerous 1.7 
and 2.5 Ga and a few Jurassic age cores. These details 
highlight how complexly zoned zircons are useful for 
investigating the nature and histories of deep crustal sections.  
 
[1] Miller and Gans (1989) Geology 17, 59-62. [2] Wright and 
Wooden (1991) Geology 19, 457-460. 



 Goldschmidt2014 Abstracts  

 

849 

849 

Helium Isotopic Textures in Earth’s 
Upper Mantle 

D. W. GRAHAM1*, B. B. HANAN2, C. HÉMOND3,  
J. BLICHERT-TOFT4 AND F. ALBARÈDE4 

1College of Earth, Ocean, and Atmospheric Sciences, Oregon 
State University, Corvallis, OR 97331, USA 
(*dgraham@coas.oregonstate.edu) 

2Department of Geological Sciences, San Diego State 
University, San Diego, CA 92182, USA 

3UMR 6538 Université de Bretagne Occidentale-CNRS, 29280 
Plouzané, France 

4Ecole Normale Supérieure de Lyon, CNRS UMR 5276,  
46 Allée d’Italie, 69007 Lyon, France 

 
We report 3He/4He for a suite of 150 mid-ocean ridge 

basalt (MORB) glasses, collected at 5-10 km intervals along 
the Southeast Indian Ridge (SEIR). Between 81-101°E, 
3He/4He varies from 7.3 to 10.2 RA, encompassing more than 
half the MORB range away from island hotspots. Abrupt 
transitions occur in 3He/4He; in one case the full range occurs 
over ~10 km distance, indicating significant He isotope 
variability in the upper mantle at this scale. Melting of 
lithologically heterogeneous mantle, containing a few percent 
garnet pyroxenite, produces lower 3He/4He ratios; 3He/4He 
above ~9 RA likely indicates a pyroxenite-free mantle source. 
Patterns in spectra of the length scale of variability represent a 
description of helium isotopic “texture”. We use three 
complementary approaches; periodogram, red-noise spectral 
estimation (“Redfit”), and continuous wavelet transform 
(CWT). Long-wavelength “lobes” are present in the 
periodogram, similar to “hotspot type” spectra in the Atlantic. 
Redfit and CWT also reveal prominent and decreasing power 
at ~1000 km, ~500 km and ~250 km. The densely sampled 
region of the SEIR by itself shows significant power at ~30 
km, similar to the scale inferred from Hf and Pb isotopes in the 
same suite. 3He/4He at intermediate scales may show overtones 
of the 1000 and 500 km fundamental periods, but they are not 
as well resolved. At 500-1000 km length scales, wavelet 
transform coherence reveals that 3He/4He varies in-phase with 
axial depth along the SEIR. This suggests a coupling between 
melt production and 3He/4He, probably due to lateral variations 
in upper mantle potential temperature related to convective 
upwelling. Collectively, our results show that 3He/4He is 
controlled both by source heterogeneity associated with folding 
and stretching of material lines (“marble-cake” mantle) during 
plate-scale flow, and by variations in melting in response to 
secondary convection.  
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Dissolved Organic Carbon (DOC) flux in groundwater is 

poorly understood: influenced by recharge, extraction and 
surface processes. We measured variations in DOC content 
during a series of high intensity extraction and recovery events 
in the surrounding aquifer and extracted groundwater 
Groundwater was extracted from a fractured 
basalt/metasediment aquifer overlain by residual soils and 
flanked by a Quaternary alluvial channel. Groundwater 
systems included the fractured rock system interconnected with 
the alluvial aquifer through a leaky aquitard and a perched 
aquifer held at the soil bedrock interface. 

Prior to and throughout the test, groundwater samples were 
collected from wells within the fractured rock, alluvial aquifer 
and soil bedrock interface and analysed for DOC. Initial DOC 
concentrations in the upper aquifer were ~2 mg/L, following 
pumping concentrations increased 36 mg/L (ave) peaking at 72 
mg/L. In the lower aquifer initial TOC concentrations were 
~1.6 mg/L, during pumping levels increased to 3.98 mg/L 
(ave) peaking at14.32 mg/L. 

Results indicate the fractured rock aquifers ability to 
recharge was exceeded during intense pumping periods and a 
larger component of water was drawn from the upper aquifer. 
This increased the volume of water being drawn through the 
soil profile and increased DOC content in abstracted 
groundwater. Hydrological setting, well construction and 
pumping regime are likely to affect the concentration of DOC 
within abstracted groundwater. Further attention to abstracted 
groundwater as a component in terrestrial DOC fluxes is 
warranted. 
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Introduction 

The main focus of this work is in better understanding the 
environmental and health effects of metal-containing 
atmospheric particles through laboratory studies. Metal-
containing atmospheric aerosols include naturally occurring 
mineral dust, fly ash and engineered nanomaterials have 
important impacts in atmospheric chemistry and human health. 
Additionally, atmospheric processing of metal-containing 
particles through heterogeneous chemical and photochemical 
reactions will modify particle properties and thus alter how 
these particles impact atmospheric chemistry and health.  
Approach 

Using a combined approach of applying state-of-the-art 
characterization of metal-containing particles with 
measurement of environmental and health impacts, laboratory 
studies can provide a conceptual framework from which to 
understand the impacts of metal-containing atmospheric 
particles.  
Discussion of Results 

This talk will focus will be on recent studies and results 
that correlate materials properties for several metal-containing 
atmospherically relevant particles including mineral dust, coal 
combusion fly ash and engineered nanomaterials with their 
impact on atmospheric chemistry and health. The role of iron 
in these particles is of particular interest and a corelation of the 
role of iiron solubility with atmospheric chemistry and health 
effects is shown in several cases [1,2]. 
 
[1] Chen et al (2012) Env. Sci. & Tech. 46, 2112-2120. [2] 
Borcherding et al (2013) PLOS ONE 8, e57673, 
doi:10.1371/journal.pone.0057673.  
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Aerosols are a ubiquitous component of the atmosphere 

and are a large source of uncertainty in climate models. 
Aerosols composed of secondary organic material (SOM) 
comprise a significant fraction of the aerosol mass in the 
troposphere. However, despite its importance, knowledge 
about the physical properties of SOM remains limited. 

Whilst SOM particles are often modeled as liquids, recent 
studies have suggested particles consisting of SOM may exist 
in the semi-solid or solid phases, especially at low relative 
humidity (RH). Semi-solid and solid particles – those of high 
viscosity – could have kinetic limitations upon the amount of 
material they can uptake, and thus the size to which they can 
grow. As such, knowledge as to the viscosity of SOM may aid 
in improving the accuracy of climate models.  

SOM from the atmosphere or atmospheric simulation 
chambers are typically available on the milligram scale and 
their viscosities can span numerous orders of magnitude. As a 
result, currently available commercial viscometers are 
unsuitable for studying the viscosity of SOM. Presented here 
are two novel techniques that have been developed to measure 
the viscosities of SOM samples. The first is a bead mobility 
technique, where small (~1 μm), insoluble beads are observed 
as they circulate within 20-50 μm SOM particles. The second 
is a poke-flow technique, whereby 20-70 μm SOM particles 
are poked with a needle, and the flow rate of these particles 
after poking is used to determine viscosity. These techniques 
not only provide visual evidence that atmospheric samples 
behave as semi-solids or solids, but also quantitative 
information as to their viscosities. Results from studies with 
SOM produced by the ozonolysis of α–pinene, the 
photooxidation of toluene, and the photooxidation of isoprene 
will be presented. 
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The carbonate compensation depth (CCD) is the 
sedimentary expression of the balance between the rate of 
biogenic carbonate deposition and carbonate dissolution in the 
ocean. As such, the CCD is used as a powerful 
paleoenvironmental constraint for past global carbon cycle 
reconstructions. Using weight percent carbonate data from 
nearly 80 DSDP/ODP/IODP drilling sites, we reconstruct the 
behavior of the CCD for three snapshots spanning a 
pronounced, long-term late Paleocene through early Eocene 
warming trend (~59 Ma to ~49 Ma). Across this interval, the 
CCD is relatively deep (≥~3500m), and indistinguishable 
between the three investigated snapshots once the errors 
associated with paleodepth reconstruction are taken into 
account. Assuming the long-term late Paleocene – early 
Eocene warming trend was accompanied by an increase in 
atmospheric CO2 concentration and increased global 
weathering rate, the observed CCD stability refutes the popular 
notion that the position of the CCD is responsive to weathering 
and closely tied to deep sea carbonate burial rates. Indeed, 
modelling results using the Earth system model GENIE 
indicate that high atmospheric CO2 concentrations coupled 
with high weathering rates, as expected, yields higher overall 
deep sea carbonate burial rates. However, the ‘action’ occurs at 
the lysocline, the distance of which from the CCD fluctuates 
freely as a function of weathering rate and hypsometry. 
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In the past six years, the idea of a completely dry lunar 

mantle has been swept aside by the preponderance of evidence 
to the contrary beginning with [1]. In fact, the high levels of 
indigeneous water found in lunar samples has led to 
questioning of the Giant Impact model for the Moon’s 
formation, since a major line of evidence for this event was the 
formerly dry lunar interior. In order to understand the meaning 
of water and D/H in lunar samples, we have begun a study of 
olivine-hosted melt inclusions and apatite in the Apollo 12 
olivine basalt suite. The Apollo 12 olivine basalt suite is 
believed to be a consanguineous suite, differing mostly by 
cooling history, from olivine vitrophyres (12009) to olivine 
cumulates (12040). 

We have analyzed ten melt inclusions (MIs) in 12009 and 
12004 for D/H and/or OH and find that water contents are 
mostly <100 ppm H2O. We analyzed apatite in more slowly 
cooled samples of the suite (12006, 12018), and it is much 
higher in water (688-3164 ppm H2O), with δD values typical 
of lunar apatite (δD: +868±122‰ to +1439±104‰ (2σ). The 
δD of the melt inclusions range from +31±275‰ to 
+1219±173‰ (2σ). The MIs are on average lower in D/H than 
lunar apatite, but are better described as overlapping the range 
in D/H exhibited by lunar apatite, but at much lower water 
contents. This suggests that D/H was likely set before 
crystallization of olivine in these samples.  

We propose that the lunar mantle D/H is elevated with a 
δD of ~+200-300‰, as the most water-rich melt inclusions of 
[2] and plutonic apatite of 14305 [3] have identical δD within 
error. These two sample sets are the best samples currently 
available for assessment of the lunar mantle D/H. As the Moon 
is the only planet with Cl and Zn isotope anomalies, we 
propose that H, Cl, and Zn isotopes were fractionated during 
hydrodynamic escape of hydrogen in the aftermath of the Giant 
Impact.  
 
[1] Saal A. E. et al (2008) Nature, 454, 192-196. [2] Saal A. E. 
et al (2013) Science doi:10.1126/science.1235142. [3] 
Greenwood J. P. et al (2011) Nature Geosci., 4, 79-82. 
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Apatite is used for determining water inventories on the 
Moon and Mars, due to it being one of the few OH-bearing 
phases in these precious extraterrestrial samples. Recent work 
on partitioning of volatile elements in late-stage melts has 
shown that apatite is sensitive to the proportions of F, Cl, and 
OH in the melt [1]. This work suggests that as F is depleted in 
late-stage lunar melts, the partitioning of Cl and OH into 
apatite will change dramatically, and might help explain why 
some lunar apatites have OH contents similar to apatite from 
terrestrial andesites [2]. It may also bear on Martian apatite 
grains. Here we present work on volatile element zoning (F, 
Cl, OH) in apatite from lunar and martian basalts using 2D ion 
imaging on the Hokudai modified Cameca ims 1270 ion 
microprobe, with SCAPS (Scanning CMOS-type Activated 
Pixel Sensor) detector. We also measured ion microprobe spot 
analyses for H and D using established methods [2]. This work 
is combined with FEG electron microprobe and 
cathodoluminescence to allow visualization and quantification 
of minor and trace element zoning in apatite. We use these 
results to evaluate water budgets in the mantles of the Moon 
and Mars.  

 
 
[1] Boyce J. W. et al this meeting [2] Greenwood J. P. et al 
(2011) Nature Geosci., 4, 79-82. 
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Acid mine drainage (AMD) is recognized as “the most 

important and widespread industry related pollution problem. “ 
Roughly 8,000 km of streams in the northern Appalachian 
Plateau in the eastern US have been severely polluted by 
AMD. Unfortunately, traditional remediation systems are not 
particularly effective and the estimated cost of AMD 
remediation using existing technologies is nearly is substantial. 
Biological passive treatment using acidophilic iron-oxidizing 
bacteria has been proposed as a promising alternative to the 
traditional treatment systems. Harnessing the power of 
bacterial oxidation may be a more cost and labor-efficient 
method of treating AMD.  

Scalp Level Run is a unique AMD site because iron is 
removed from this system five to ten times faster than at any 
other location. Because this rapid rate is observed both in 
controlled laboratory experiments and in the field, it is likely 
being driven by a unique and useful microbial community. We 
used high throughput sequence analysis and fluorescent in situ 
hybridization (FISH) to characterize the microbial community 
at Scalp Level Run. FISH was also used to identify the 
dominant genera in five other AMD systems. Results will help 
to elucidate the role that that microbial communities may play 
in improving passive treatment systems by increasing 
efficiency and reducing costs. 
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Boron is highly concentrated in Earth’s crust relative to 
primitive mantle. However, when present-day crustal 
concentrations were achieved remains debatable. On the basis 
of B isotope compositions of metamorphic tourmaline in the 
Isua Supracrustal Belt, the earliest B mineral reported in the 
geological record, Chaussidon & Appel [1] calculated δ11B = 
+27±11‰ for the Eoarchean ocean, compared to +40‰ today, 
consistent with the model [2] relating increase in sea-water 
δ11B to proportion of B extracted from Earth’s mantle into the 
oceans and crust. Our in situ ion microprobe analyses of Isua 
tourmaline, which is schorl-dravite showing color and 
compositional zoning, gave average (±	   0.4 to 1.9‰) δ11B = 
−7.1 to −14.2‰ (amphibolite), −12.9 to −25.3‰ (mica schist), 
−19.2‰ (metachert), −21.9‰ (metaconglomerate). δ11B varies 
from grain to grain in most samples; grains in a kyanite-
staurolite schist are isotopically zoned, possibly because the 
rims incorporated B released by muscovite breakdown. Rocks 
with 20-50 modal % tourmaline and its association with 
chromite, chalcopyrite, gersdorffite [(Ni,Co,Fe)AsS], 
sphalerite, galena, and pentlandite suggest a submarine 
exhalative origin, also proposed for tourmaline in pillow-
breccia [3] and for Cu sulfides [4], i.e., B, Zn, Cu, As and Pb 
were introduced hydrothermally into sedimentary and volcanic 
rocks together with Cr, Co and Ni remobilized from ultramafic 
rocks prior to metamorphism. The tourmaline-bearing rocks 
are found in both the ca. 3700 Ma and ca. 3800 Ma terranes [5] 
in the Isua belt. The highly negative δ11B could have resulted 
from recycling of boron from older crustal rocks, i.e., the ca. 
3800 Ma terrane and others which are no longer exposed, and 
not from low seawater δ11B [1,2]. 
 
[1] Chaussidon & Appel (1997) Chem. Geol., 136, 171-180. 
[2] Chaussidon & Albarède (1992), EPSL, 108, 229-241. [3] 
Touret (2003) Precambrian Res., 126, 219-233. [4] Appel 
(1979) Econ. Geol., 74, 45-52. [5] Nutman & Friend (2009) 
Precambrian Res., 172, 189-211.  



 Goldschmidt2014 Abstracts  

 

858 

858 

Organic geochemistry of Kenyan Rift 
Valley lake sediments 

SINA GREWE1* , DIRK SACHSE2 AND JENS KALLMEYER3 
1University of Potsdam, Institute of Earth & Environmental 

Sciences, Geomicrobiology Group, Potsdam, Germany 
(*correspondence: sina.grewe@geo.uni-potsdam.de) 

2University of Potsdam, Institute of Earth & Environmental 
Sciences, Palaeohydrology Group, Potsdam, Germany 
(dsachse@geo.uni-potsdam.de) 

3German Research Centre for Geosciences, Section 4.5 
Geomicrobiology, Potsdam, Germany 

 
Due to different geological and hydrological settings, the 

numerous lakes in the Kenyan Rift Valley show strong 
hydrochemical differences. On the one hand, there are 
freshwater lakes like Lake Naivasha and, on the other hand, 
there are very salt-rich lakes with high pH values like Lake 
Bogoria. It is known that lake chemistry, underlying lake 
sediments, and microorganisms in the sediment have an 
influence on each other. Organic geochemical analyses are 
therefore useful tools to provide biogeochemical character-
izations of those lake sediments. Those characterizations, 
together with other analyses, will then be used to 1) identify 
the mechanisms that control lake chemistry, 2) to determine 
the influence of the latter on the composition and preservation 
of organic material, and 3) to reconstruct the biogeochemical 
evolution of each lake.  

Porewater analyses already showed that the sediment of 
each lake is quite unique resulting in a number of interesting 
questions. For example, microbial activity seems to be abruptly 
shifting in the sediment cores of Lakes Sonachi and Oloiden. 
Other interesting points are the influence of agriculture on 
Lake Naivasha and the productivity in the high salinity Lakes 
Logipi and Eight. Both questions will be adressed by organic 
geochemical analyses. 

Although in close proximity to each other, the Kenyan Rift 
Valley lakes offer the unique opportunity to study a wide range 
of geochemical environments and the associated 
biogeochemical processes. 
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We present intra-cyclothem, high-spatial (dm) resolution 

oxygen isotope (δ18O) records for further investigation of 
climatic controls of the δ18O proxy during the Late Paleozoic. 
Conodonts from Pennyslvanian cyclothems of Arrow Canyon, 
NV and the USA Midcontinent basin provided the phosphate 
source used to construct the δ18O records. Conodont yield 
(conodonts/kg of limestone) was maximized by using 7% 
acetic acid buffered to pH 3.6 for dissolution, thus enabling the 
high-spatial resolution records. Sample sizes of < 1 mg of 
bioapaite produced values with a precision as low as 0.1 ‰ 
(1σ), achieved by use of a refined conversion technique 
(buffered silver amine) and new pyrolysis system (Elementar’s 
Pyrocube). The records reveal shifts in conodont δ18O at a 
higher-frequency than sea-level changes inferred from facies 
stacking patterns. These results contradict recent 
interpretations of intra-cyclothem conodont δ18O records, 
which attribute the full range of values, minus a few tenths of a 
per-mil for temperature change, to variability in seawater δ18O 
due to the waxing and waning of ice sheets. The high-
frequency variability in conodont δ18O, which can be as much 
as 1.5‰ over ~10 cm with no distinct facies change, are 
distinct in temporal scale from eccentricity-paced (105 yr) 
changes in glacioeustasy. Recent climate models of the late 
Paleozoic indicate precessional-scale (104 yr) variability in 
hydrologic cycling across tropical Pangea that could have 
significantly altered the δ18O of seawater. These systematic 
changes in epicontintal seawater composition should be 
recorded in conodont δ18O and are hypothesized here to be 
responsible for the high-frequency shifts revealed in these 
Pennsylvanian δ18O records from paleo-equatorial marine 
deposits. 
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Hydrogen is the most abundant element in biogeochemical 

systems and is central to both energetic and biosynthetic 
metabolic processes. The isotopic fractionation of hydrogen in 
biological systems has garnered great interest in recent decades 
as a proxy for diet and environmental conditions. Most of this 
research has focused on fatty acids due to their chemical 
recalcitrance in sediments as well as their well-characterized 
biosynthetic pathways. However, the fundamental mechanisms 
that control H isotope fractionation remain incompletely 
understood. The amino acids, which are both more abundant 
and biochemically varied than the fatty acids, are a promising 
avenue to advance this like of inquiry.  

Here we present data on an the hydrogen isotope ratios of 
amino acids harvested from from laboratory cultures of the 
model microbe Escherichia coli as measured by combined gas 
chromatography-pyrolysis-isotope ratio mass spectrometry 
(GC-P-IRMS).  

Cultures incubated in aqueous, glucose-based media 
produce a systematic distribution of isotope ratios in the amino 
acids. The fractionation and incorporation of media water, 
however, differs for each of the amino acids measured. When 
grown in the presence of typtone, a protein digest, the amino 
acids reflect direct incorporation from the medium for some 
residues but differing level of de novo biosynthesis in others. 

In an effort to understand the enzymatic processes 
controlling the fractionation of hydrogen as it enters microbial 
metabolism, we focus on alanine biosynthesis. Alanine is the 
most abundant amino acid in bulk protein and is synthesized 
from the crucial metabolic intermediary pyruvate. By tracing 
the incorporation of hydrogen from both organic food and 
cytosolic water, we develop a model for alanine as an indicator 
of environmental waters. These results provide a significant 
first step in understanding the hydrogen isotope fractionation 
in microbial metabolism. 
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Barite (BaSO4) is a highly stable and widely-distributed 
mineral found in magmatic, metamorphic, and sedimentary 
rocks (of all ages), as well as in soils, aerosol dust, and 
extraterrestrial material. Today, barite can form in a variety of 
settings in the oceans (hydrothermal, cold seeps, water column, 
sediments) and on the continents – where supersaturation and 
precipitation of barite can occur from the mixing of fluids – 
one containing Ba and another containing sulfate. Microbial 
oxidation of sulfur is thought to play a key role in precipitation 
of barite within some continental settings –imparting a large 
mass dependent sulfur isotopic signature - whereas in the 
marine setting bacteria could play a significant role but shows 
no influence on the δ34S of marine barite. Sulfate δ34S, 87Sr/86Sr 
and stable Sr-isotopic signatures (δ88Sr) of modern authigenic 
continental barite will be compared to modern pelagic marine 
barite and marine hydrothermal and cold seep barite to 
investigate the potential for their combined use to indicate 
origin of barite samples. This includes investigation of the 
systematics of a fairly new stable isotope system – the stable 
Sr-isotope system in earth sciences. To understand the 
controlling parameters of stable Sr-isotopic fractionation in 
continental and marine barite results from Holocene pelagic 
marine barite, hydrothermal and cold seep barite, and modern 
authigenic continental barite from three warm artesian springs 
in the continental United States will be presented and 
compared to theoretical estimates for stable Sr-isotopic 
fractionation and nonbiogenic experimental data. The 
combined use of mass-dependent S and stable Sr-isotopic 
measurements of barite will be evaluated as a new geochemical 
proxy to identify mode of barite mineralization for use in earth 
science applications including understanding ancient barite 
deposits. 
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The first permanent English settlement in North America 
occurred in 1607 with the settlement of Jamestown Island on 
the James River, VA estuary. During the subsequent century, 
carbon flow through the James River estuary was transformed 
as the forested watershed was cleared for farming. Discarded 
oyster shells from sealed Jamestown wells and nearby 
archeological deposits were analyzed to explore changes in 
James River 14C reservoir ages, seasonality (shell δ18O and 
δ13C) and carbon cycling.  

Sub-seasonal sampling resolution was obtained from the 
sectioned hinge margins of selected specimens. Analyses of 
modern water samples demonstrate that estuarine salinity 
covaries with δ18Owater and δ13CDIC (n = 20, R2 = 0.92). 
Combining oyster hinge δ18Ocalcite and δ13Ccalcite data, we show 
that shell δ13Ccalcite is primarily controlled by river δ13CDIC after 
correcting for a minor metabolic carbon effect and can 
therefore be used directly as a salinity/δ18Owater proxy. Seasonal 
temperatures obtained by combining these stable isotope data 
demonstrate that oyster calcification ceased below 8ºC and 
above 26ºC, similar to estimates of modern calcification 
temperature thresholds.  

Seasonal sampling of hinge calcite for 14C analysis, based 
on δ18Ocalcite profiles, yields radiocarbon reservoir ages (ΔR) 
that differ by up to 195 years between winter and summer 
samples from the same shell. Within the analyzed population 
of shells, we observe a seasonal-specific ΔR range of 197 and 
255 years in summer vs fall/winter/spring hinge calcite 
respectively. These differences are likely due to seasonal 
changes in the contribution of old remineralized soil carbon to 
the DIC pool between the rainy and dry seasons. For the 
mesohaline region of the 17th century James River estuary, a 
mean summer ΔR of -32 ± 11 years is most appropriate for 
bulk radiocarbon analyses. However, year to year variations in 
regional hydrology will increase ΔR uncertainty when dating 
oysters from different time periods. 
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Ubiquitous organic matter (OM) present in several Au 

deposits supports a general view, that OM plays a passive or 
active role in mineralization. Appearance, nature and origin of 
indigenous OM within Au deposits may provide vital 
information about transport and accumulation processes in 
which the OM played a role. In addition, elevated Au 
concentrations in framboidal pyrite in distal black shales 
associated with major Au deposits suggest regional syn-
sedimentary to early diagenetic Au enrichment prior to ore 
body formation [1]. Biomarker and compound specific isotope 
analyses of low maturity black shales provide crucial 
information about redox and other environmental conditions 
during sedimentation and early diagenesis. 

In a first case study, indigenous OM in the thermally 
mature orogenic Cosmo Howley Au deposit (NT, Australia) 
was investigated. Black carbon (BC) was isolated from the 
indigenous OM fraction by a novel hydropyrolysis approach 
[2]. The OM contained >93 % BC and showed an increase in 
both concentration and δ13C (from -28 to -23 ‰) of the BC 
fraction towards the ore body. These results are consistent with 
increased aromatization/graphitization of the OM as the ore 
body is approached, which is interpreted to increase the 
sorption potential of the formation and therefore the fixation of 
dissolved Au. Microstructural properties, e.g. surface area, are 
currently being investigated by BET N2 sorption isotherms and 
scanning electron microscopy (SEM). 

 
[1] Large, Bull and Maslennikov (2011), Economic Geology 
106, 331-358 [2] Meredith, Ascough, Bird et al (2012), 
Geochimica et Cosmochimica Acta 97, 131-147  
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Iodine is a volatile, halogen element. Its low abundance in 
the terrestrial reservoirs (295 ppb in the bulk Earth’s crust, 
mainly in the deep-sea carbonates and clays [1]) makes it a 
little-known element. The study of its geochemical behaviour 
can thus provide valuable information in diverse fields such as 
civil (immobilization of nuclear waste), military nuclear power 
(Comprehensive Nuclear Test Ban Treaty (CTBT 1996)) or 
cosmochemistry. Moreover, radioactive iodine isotopes 
produce as much xenon isotopes, noble gas also studied in 
many areas of research. 

This work focuses on the characterization of the iodine’s 
geochemical behaviour in molten materials such as glasses. It 
aims to understand the mechanisms related to the solubility of 
iodine depending on the composition of the glass, the 
temperature or the pressure and to analyse its redox speciation 
and distribution in the glass network. 

A first study on alkali borosilicate glasses, wherein the 
incorporation of iodine is made under pressure and at high 
temperature, shows that iodine can take various redox forms 
(iodide, iodine and iodate with different degrees of oxidation (-
I, 0 and +V respectively)) within the same glass. The redox of 
iodine can be known by the Raman spectrometry. An iodine 
reduction (incorporated as iodate (IO3-)) in iodine or iodide 
can also be noticed during the experiment. Based on these 
initial observations, further experiments will allow a better 
understanding of the influence of different parameters on the 
redox state of iodine. 
 
[1] Muramatsu & Wedelpohl,1998. The distribution of iodine 
in the Earth’s crust, Chemical Geology, 147, 201-216 
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Water (H2O) is the indispensable ingredient in arc magma 
generation. Hydrous minerals in subducting oceanic 
lithosphere and the overlying mantle provide the source of H2O 
when they become unstable and dehydrate. The H2O released 
by dehydration of serpentine and chlorite triggers melting as it 
rises into shallower hotter overlying mantle. Melting continues 
as a buoyant H2O-bearing melt ascends through the mantle 
wedge and interacts with the increasingly hotter and shallower 
surroundings. The melting process is strongly influenced by 
plate tectonic variables that control the location of the active 
volcanic arc above the subducted lithosphere. H2O also 
modifies the thermodynamic and physical properties of silicate 
melts. The effects of H2O on the melting behavior and melt 
compositions can only be understood by carrying out 
experiments. In the presence of excess H2O the mantle begins 
to melt at 800 oC at depths of 120 km and the solidus rises to 
865 oC at 60 km depth. This depth range spans the predicted 
depth of melt initiation for the global subduction zone system 
and is controlled by the combined tectonic effects of slab dip, 
convergence rate and age. Compositions of near-solidus melts 
have been measured at 3.2 GPa from 925 to 1050 oC. The melt 
is broadly andesitic in composition and melting is peritectic 
with olivine + liquid produced by melting of garnet + 
orthopyroxene + high-Ca pyroxene. The coexisting 
supercritical vapor phase contains a silicate component that is 
rhyolitic. Extrapolation of the measured compositional 
variation toward the solidus implies that the first melt is SiO2 
enriched. Evidence preserved in the major and trace element 
compositional variation of near-primary arc magmas provides 
a complimentary top-down approach to understanding of the 
melting process. These lavas record last equilibration in the 
mantle at shallow, near-moho depths and range in temperature 
from >1350 oC at 0 % H2O to >1200 oC at 4 to 8 wt. % H2O. 
The hydrous melts achieve these temperature and H2O contents 
by dissolving, reacting and re-equilibrating with the mantle 
wedge as they ascend from the slab–wedge interface. In some 
arcs primary mantle melts are as cool as 1100 oC with H2O 
contents of >12 wt.%. Anhydrous melts in arcs are produced 
by adiabatic decompression melting induced by mantle flow 
into the wedge corner. Geochemical modeling of trace element 
partitioning into arc magmas shows that >99 % of LILE and 
LREE come from the subducted slab and most closely 
resemble melts of an eclogite source.  
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Two end member scenarios have been proposed for the 
addition of water (H2O) during the formation of the Earth. The 
first adds H2O continuously during accretion [e.g., 1] and the 
second adds H2O after accretion as a “late veneer”. Is it 
possible that the question of how H2O was added to the Earth 
can be answered by comparing the Earth to the Moon and 
Mars? The moon contains a small amount of H2O [2] and 
petrologic evidence indicates that the oxidation state of the 
lunar interior is reduced (fO2 of IW – 1, [3]). The oxidation 
state of the Martian mantle and crust varies between IW and 
QFM [4] and petrologic evidence indicates that some Martian 
magmas contained ~ 1.8 wt. % H2O [5]. The Earth is the most 
oxidized with mantle fO2 values between QMF – 1 and NNO + 
2, and hydrous subduction zone magmas contain 3 to 6 and up 
to 12 wt. % H2O [6]. Hydrous magmatism extended into the 
Archean with komatiites and boninites containing up to 6 wt. 
% H2O [7]. Sharp et al [8] suggest that hydrogen (H2) 
degassing can explain the difference between water content 
and fO2 of the Earth – moon system. They propose that H2 
degassing explains the high fO2 of the Earth’s mantle, and 
suggest that 33% of the H2O in the early Earth was reduced to 
H2 to oxidize Fe. When accretionary heating occurs, early 
hydrous melting ensues [e.g., 9] and an H2O-bearing magma 
ocean forms and then cools and crystallizes. This 
crystallization process leads to vapor-saturation of magma near 
the surface and degassing of H2O and H2, and results in the 
oxidation of Fe metal in the silicate part of the planet. Is it 
possible that the final oxidation state of the planet’s interior 
depends on the amount of H2O, initially accreted and 
incorporated into the magma ocean? The observed relation 
between wetness and fO2 is then a primary consequence of the 
amount of H2O added during accretion.  
 
[1] Morbidelli et al (2000) MAPS 35, 1309-1320. [2] Saal et al 
(2008) Nature 454, 192-195. [3] Wadhwa (2008) Rev. 
Mineral. 68, 493-510. [4] Wadhwa (2001) Science 291, 1527-
1530. [5] McSween et al (2001) Nature 409, 487-490. [6] 
Grove et al (2012) Ann. Rev. Earth. Planet. Sci. 40, 413-439. 
[7] Parman et al (1997) Earth Planet. Sci. Lett. 150, 303-323. 
[8] Sharp et al (2013) Earth Planet. Sci. Lett. 380, 88-97. [9] 
Pommier et al (2012) Earth Planet. Sci. Lett. 333-334, 272-
281. 
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The main goal of the present study is to enhance our 
understanding of dissolution and precipitation kinetics under 
weathering conditions. Following Zhu et al,[1], we suggest 
that the coupled dissolution and precipitation is the rule rather 
than the exception in natural systems. These effects have been 
found at high temerpatures[2]. However, to establish these 
realtionships at ambient conditions is a challenge. In this study, 
single point batch experiment (SPBE) of albite dissolution in a 
spiked solution was conducted under conditions that enable 
kaolinite to precipitate. The novel method that uses Si isotopes 
enables to detect rates that otherwise can’t be detected using 
conventional methods and allow measuring both dissolution of 
the primary mineral and precipitation of secondary mineral. 

Here we present preliminary results of the SPBE that show 
evidence of kaolinite formation using mineral analysis (SEM 
and EDS) and solution isotopic and elemental composition. 
Furthermore, the experiment follows initially fast stage 
kaolinite precipitation and a decrease in the precipitation rate 
as the degree of saturation with respect to kaolinite decreases. 
After 8 hours the dissolution rate of the albite and the 
precipitation rate of the kaolinite become coupled and the ratio 
between the dissolution rate and the precipitation rate become 
2 as is expected theoretically [3]. Forward model based on 
literature data successfully predicts the change of elemental 
and isotopic composition of the experimental solution during 
the experiment. 

 
[1] Zhu, C., A.E. Blum, and D.R. Veblen, in Water-Rock 
Interaction, R.B. Wanty and R.R.I. Seal, Editors. 2004, A.A. 
Balkema: Saratoga Springs, New York. p. 895-899. [2] Fu, Q., 
et al, Chemical Geology., 2009. 91(3): p. 955-964. [3] Zhu, 
C., et al Geochimica et Cosmochimica Acta, 2010. 74 (14): p. 
3963-3983. 
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Methane is an important constituent of the global carbon 

cycle. Nonetheless, the fluxes of methane are not well 
constrained, and it is often difficult to determine whether this 
gas is generated by microbial or geochemical (thermogenic or 
abiogenic) processes. The temperature of formation for 
methane, or temperature at which methane is equilibrated, may 
be revealed by studying the multiply substituted isotopologues, 
or clumped isotopes, of methane, 13CH3D. Because the 
currently known upper temperature limit of life is around 
120°C and thermogenic methane often forms at temperatures 
greater than 150°C, clumped methane analysis is expected to 
provide critical constraints on the source of methane and to 
eliminate confounding variables associated with conventional 
isotope studies. The 13CH3D thermometry scale was calibrated 
between 200°C and 400°C by heating methane over a platinum 
or nickel catalyst [1]. The goal of this study is to extend the 
calibration to lower than 200°C, at which inorganic isotope 
exchange becomes sluggish.  

Methane produced in batch cultures of methanogens,  
M. thermolithotrophicus, M. jannaschii, and a novel strain of 
Methanocaldococcus, grown between 40°C and 90°C was 
analyzed using novel high precision tunable infrared laser 
direct absorption spectroscopy. The relative abundance of 
13CH3D species measured corresponded to higher than actual 
growth temperatures by 100°C or more. To test whether this 
discrepancy was the result of closed system isotope effects or 
non-thermodynamic methane production associated with 
microbial enzymatic processes (e.g., hydrogen tunneling), we 
are carrying out a time series study for the clumped methane 
isotope fractionation of biogenic methane grown in batch 
cultures at a range of temperatures. We will report the results 
of this experiment and prospects of using 13CH3D to 
understand the clumped isotope systematics of microbial 
metabolism and sources of natural methane. 
 
[1] Ono et al Goldschmidt 2014. 
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Volatile elements are known to strongly affect melting and 
crystallization processes in the Earth’s mantle. There are 
numerous studies of the storage potential of water in mantle 
minerals but there is only scant data on storage potential of 
other volatile elements such as halogens or nitrogen in mantle 
minerals [1-3]. Here we present new experimental data on F- 
concentrations of olivine and pyroxene which were saturated 
with respect to Fluorine.  

Experiments were performed at temperatures between 
1300°C and 1570°C in gas-mixing furnaces at atmospheric 
pressure, in a piston-cylinder apparatus at pressures from 0.5-2 
GPa and in a Walker-type multi anvil press at pressures up to 
17 GPa. The F concentrations in olivine and pyroxene were 
determined by electron microprobe analysis using a multi-layer 
diffraction crystal, a beam current of 100nA and a voltage of 
15kV. Further investigations are planned by secondary ion 
mass spectrometry (SIMS). 

Our results indicate that olivine, related polymorphs and 
pyroxene can contain large amounts of F compared to OH [4]. 
Effects of pressure and temperature seem to be only moderate.  
 
[1] Beyer et al 2012, Earth Planet. Sci. Lett. 337-338, 1-9. [2] 
Dalou et al 2012, Contrib to Mineral and Petrol, 163, 591-609. 
[3] Fabrizio et al 2013, Contrib. Mineral. Petrol. 166, 639-
653. [4] Bromiley D.W., Kohn S.C., 2007, Goldschmidt 
Conference abstracts. 
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The Na-alkaline anorogenic volcanism of Kula includes 

exposures of around 80 cinder cones, lava flows and tuffs, 
representing one of the youngest volcanic activities in Western 
Anatolia (1.7–0.025 Ma). The magmatism is related to an 
extensional regime and is interpreted as being derived 
predominantly from the asthenospheric mantle. Basanitic lava 
flows in Kula rarely host ultramafic enclaves. Their genesis 
was interpreted in many different ways, but remained unclear. 

This study presents new analytical data proofing a 
comagmatic character for the enclaves. Whole-rock analyses 
were done via X-ray fluorescence and (LA)-ICP-MS Mineral 
analyses were done via (LA)-ICP-MS, as well as EMPA.  

Comparing enclaves and lava, it is possible to find out 
more about the fast ascent of Kula magmas (<11 days through 
about 35km of crust) and their evolution. In the initial phases 
of Kula volcanism, mantle-derived primary melts underwent 
deep-pressure fractionation of pyroxenites and amphibolites at 
the base of the crust. Early magma-mixing formed green-core 
clinopyroxenes in mantle depths, while the enclaves were 
stored close to the Moho at the wall of feeder dykes. Multi-
episode intrusions within the same dyke system are necessary 
to transport the enclaves to the surfaces. Based on the fast lava 
ascent, Cpx-thermobarometry (1150–1200 °C at 12–15 kbar) 
and a small PT-stability field for the break-down corona 
around kaersutite, we can assume little cooling during 
ascension and estimate the eruption temperature to be about 
1100°C. 
 
Grützner T., Prelević D, Akal C., 2013. Lithos 180-181, 58-73. 
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Naturally dissolved organic matter (DOM) consists of 
chemically heterogeneous, polyfunctional organic compounds 
that exist ubiquitously in aquatic and terrestrial environments. 
DOM forms strong complexes with metal ions affecting their 
mobility and reactivity and can also directly or indirectly 
participate electron transfer reactions in enhancing microbial 
reduction or oxidation of metals and radionuclides such as 
mercury (Hg), uranium (U), and technetium (Tc). In this 
presentation, we describe coupled chemical and biological 
reactions between metals, DOM, and microbes and their 
influences on metal speciation and transformation in the 
environment. DOM is found to enhance microbial reduction of 
U and Tc under anaerobic conditions, but DOM can also act as 
an electron acceptor and enhance oxidation of U and Tc under 
oxidizing conditions. More interestingly, DOM causes Hg 
reduction and oxidation simultaneously under anaerobic 
conditions, although this process is strongly influenced by the 
oxidation state of sulfur and the ratio of Hg to S in DOM. 
Quinones and semiquinones in DOM are the dominant redox 
reactive moieties leading to the oxidation or reduction of U and 
Tc, whereas Hg oxidation is caused by thiol-induced oxidative 
complexation. The reduced DOM converts Hg(II) to gaseous 
Hg(0) at a low DOM/Hg ratio but, at a high DOM/Hg ratio, 
this reaction is reversed. Similar to DOM, certain strains of 
microorganisms such as G. sulfurreducens PCA are able to 
reduce Hg(II) at relatively low cell biomass to Hg ratios, but 
reduction becomes inhibited at increasing cell to Hg ratios due 
to increased adsorption or Hg-thiol complexation on the cell 
envelope. Further, depending on specific surface functional 
properties and biochemical mechanisms, certain strains of 
microorganisms such as D. desulfuricans ND132 are incapable 
of reducing Hg(II) but are able to oxidize Hg(0) to Hg(II) 
under anaerobic incubations leading to increased Hg uptake 
and methylation. This research highlights the importance of the 
multifunctional roles of DOM and microbes and their coupled 
reactions with metals and radionuclides in determining metal 
speciation, species transformation, bioavailability, and 
transport in the environment. 
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Climate change is expected to have significant impact on 
the rate and extent of soil organic matter (SOM) degradation, 
releasing greenhouse gases over the sensitive permafrost of the 
Arctic. However, the extent to which molecular-scale 
interactions between SOM and minerals (e.g. OM-iron 
complexation) control the partitioning, stabilization, and 
respiration of SOM remains unclear. SOM is a complex 
mixture of polyfunctional organic compounds with varying 
pKa values, redox potenitals, aromaticities, and functional 
groups. Laboratory studies indicate that these organic 
compounds exhibit varying reactivities with iron and iron 
oxide minerals, resulting in sorption-desorption hysteresis, 
preferential transport and preservation over time. These 
findings have important implications to the availability and 
functionality of different carbon pools influencing microbial 
degradation of SOM at the Barrow Environmental 
Observatory, Alaska, where dissolved organic matter and 
ferrous iron are the dominant ionic species in the active layer 
soil pore-water. We employ advanced analytical techniques, 
including X-ray absorption spectroscopy and high-resolution 
mass spectrometry, to characterize SOM and its interactions 
with minerals. Results of these investigations provide better 
understanding on microbial degradation of SOM and may thus 
lead to improved computational models in predicting 
feedbacks to climate warming. 
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Porosity formation plays an essential role in transforming 

bedrock to regolith, and this process is highly coupled with 
plant growth. However, field studies aimed at quantifying 
weathering have largely been unable to tease out the specific 
contributions of biota with respect to porosity formation, and 
ultimately, the weathering process. 

Neutron scattering is emerging as an important tool in 
quantifying porosity, connectivity, surface area and the fractal 
dimensions of pore networks in rocks. Here, we use combined 
small angle neutron scattering (SANS) and ultra small angle 
neutron scattering (USANS) to characterize the pore structure 
in shale chips recovered from trenches (around 1.5 m deep) at 
a ridge top and a mid-slope in the Susquehanna Shale Hills 
Critical Zone Observatory (SSHO). The shale chips were 
collected as two groups: showing interaction with roots and no 
interaction with roots.  

Preliminary results show that both the porosity and 
connectivity of the shale chips from regolith/saprolite are 
higher than the unweathered bedrock. The shale chips from the 
ridge top have significantly higher porosity than those in mid-
slope. This observation agrees with the concept that the 
weathering advance rate is diffusion-limited, so higher porosity 
result in higher weathering advance rates, as observed in ridge 
top settings. Tree roots have positive effects on the porosity 
development at mid-slope; however, they have negative impact 
at the ridge top. We infer that at the ridge top, the tree roots 
promote secondary mineral precipitation by taking up water, 
while at midslope where the weathering rate has been observed 
to be lower, tree roots enhanced the dissolution/disaggregation 
of primary minerals and therefore the development of the pore 
network without as much mineral precipitation. 
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Introduction 

Basalts are widely developed in Yunnan, Guizhou and 
Sichuan province during Permian, especially in the area of 
Mount Emei, known as "Mount Emei basalts". Basalts are 
drilled in more than 80 wells in Sichuan basin, mainly in 
southwestern, southern and eastern Sichuan basin, with 
thickness of a few meters to 300 meters. They extend along 
northwest direction and are controlled by regional NE-SW 
extensional tectonic setting. 
Results 

Geochemical data shows that the major elements feature 
SiO2 content of 47.16%~54.64%, high alkali, high titanium, 
low magnesium,Litman index of 1.19~6.58, belonging to high-
potassium calc-alkaline series. The REE chondrite normalized 
ditribution curves are roughly identical, with characteristics of 
enrichment of LREE, loss of HREE and indistinct negative 
anomalies of Eu. Slope of Sm-Yb in the primitive mantle 
normalized trace elements spider diagrams is obviously 
negative, which is consistent with that of intraplate uplift 
basalts. Discrimination diagram of trace elements of Zr-Nb-Y 
also shows that they belong to intraplate alkaline basalts 
(Figure 1). 

Fig.1 Nb-Zr-Y discriminant diagram of basalts in Sichuan 
basin（after Meschede, 1986） 
 
Discussion 

With comprehensive analysis, we conclude that basalts of 
Sichuan basin formed in an intraplate extensional tectonic 
setting and they are type of continental flood basalts. 
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Organoclay based on cationic surfactants are widely used 

in diverse applications fields such as geochemical barriers, bio-
medical applications, filters for the treatment of water and 
polymer nano-composites... However, final properties of 
organoclays narrowly pertain to the nature of the inserted 
surfactant into the silicate galleries and its both confined 
structure and dynamics. 

In this study, a novel organoclay has been synthesized by 
using a nonionic surfactant, the tri-ethylene glycol mono n-
decyl ether (C10E3) characterized by its bulk lamellar phase. 
The successful intercalation of the C10E3 in the internal clay 
mineral structure enlarges the interlayer space of clay galleries 
and points out the relationship between the surfactant state in 
aqueous solution and its aggregates on mineral surface. 
Moreover, unlike conventional organoclays prepared by 
cationic surfactants, such hybrid organoclay materials shows a 
dual ability to adsorb both hydrophobic, ionic organic micro-
pollutants in aqueous media. 
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Microbial mats are a dominant characteristic of 
Mesoproterozoic sedimentary successions. Yet, there is little 
direct evidence of the biological composition and physiological 
activity of these benthic ecosystems. However, the 
Mesoproterozoic geological record also contains at least five 
sedimentary basins with recorded molecular fossils 
(biomarkers) that are clearly indigenous and that may preserve 
robust signatures of past microbial activity in benthic mats [1]. 

Here we present a study of biomarkers, compound-specific 
isotopes, microfossils, and iron speciation chemistry on 
exceptionally well preserved and organic-rich microbial mats 
from a late Mesoproterozoic intracratonic marine basin. The 
bitumens contain a large variety of well preserved biomarkers 
including carotenoid derivatives and, extraordinary for rocks of 
this age, geoporphyrins. These porphyrins are, to our 
knowledge, more than 600 million years older than previous 
discoveries, and the concentration of the most abundant isomer 
was sufficient to determine its nitrogen isotopic composition.  

The combined data describe a benthic microbial 
community that thrived beneath relatively shallow waters. The 
water column was predominantly stratified and ferrous, but 
also fluctuated to stratified euxinic and oxic conditions. 
Although eukaryotic fossils are found within the formation, 
biomarkers diagnostic for crown group eukaryotes remain 
beneath detection limits in mat layers. Instead, the mats were 
dominated by anoxygenic phototrophic purple (Chromatiaceae) 
and green (Chlorobiaceae) sulfur bacteria as well as 
cyanobacteria. Based on comparisons with an analogous 
modern ecosystem, we speculate that the phototrophic 
cyanobacteria employed a sulfidotrophic metabolism under 
sulfidic conditions but switched to oxygenic photosynthesis 
when the upper mat became ferrous or oxic. 

 
[1] Pawlowska et al (2013), Geology 41(2), 103-106. 
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By bringing new nutrients and particles to the surface 

ocean, atmospheric deposition impacts biogeochemical cycles. 
The extent to which those changes are modifying the carbon 
balance in oligotrophic environments such as the 
Mediterranean Sea that receives important Saharan dust fluxes 
is unknown. DUNE project provides the first attempt to 
evaluate the changes induced in the carbon budget of an 
oligotrophic system after simulated Saharan dust wet and dry 
deposition events. We will report on the results for the 3 
distinct artificial dust seeding experiments in large mesocosms 
that were conducted in the oligotrophic waters of the 
Mediterranean Sea in summer 2008 and 2010. Simultaneous 
measurements of the metabolic rates (C fixation, C respiration) 
in the water column have shown that the dust deposition did 
not change drastically the metabolic balance as the tested 
waters remained net heterotroph (ie. net primary production to 
bacteria respiration ratio < 1). Considering the different terms 
of the carbon budget, we estimate that it was balanced with a 
dissolved organic carbon (DOC) consumption of at least 10% 
of the initial stock. This corresponds to a fraction of the DOC 
stock of the surface mixed layer that consequently will not be 
exported during the winter mixing. Although heterotrophic 
bacteria were found to be the key players in the response to 
dust deposition, net primary production increased about twice 
in case of simulated wet deposition (that includes 
anthropogenic nitrogen) and a small fraction of particulate 
organic carbon was still exported. Our estimated carbon 
budgets are providing knowledge about the key processes (ie 
bacteria respiration, aggregation) that need to be considered for 
an integration of atmospheric deposition in marine 
biogeochemical modeling. 
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The textural characteristics of iron-rich phases (metals and 
sulphides) have been quantified in the 8 H-chondrites that have 
been the object of previous extensive thermo-chronological 
study [1]. These samples are of interest as they have 
temperature-time paths during cooling that have been shown to 
be consistent with radiogenic heating by Al26 on a single 
parent-body [e.g. 2], thus offering the possibility to 
quantitatively link textural characteristics to thermal history. 

The textural characteristics measured include: i) phase 
proportions, ii) the length of metal-sulphide contacts, iii) 
dihedral angle at contacts with silicate grains, iv) grain shape 
and circularity, v) grain size and size distributions. The 
absolute and relative proportions of metals and sulphides are 
approximately constant in all samples, consistent with 
evolution in a chemically closed system. With increasing 
degree of thermal metamorphism there is evidence for 
separation of metal and sulphide phases, increasing grain 
circularity, increasing grain size, and modification of size 
distributions. Variations of these parameters are found to be 
almost identical for sulphides and metals suggesting similar 
mechanisms for these two phases. Furthermore, between 
samples, trends are consistently in the same order: Sainte 
Marguerite (H4), Forest Vale (H4), Nadiabondi (H5), 
Richardton (H5), Allegan (H5), Kernouvé (H6), Guareña (H6), 
Estacado (H6). This order is exactly the same as that for depth 
within the parent-body derived from thermal modelling [2]. In 
detail, average grain-size is found to correlate linearly with 
inferred depth within the parent-body, opening the possibility 
to use grain-size as a quantitative measure of thermal 
metamorphism. Experimental data concerning grain-growth 
mechanisms [3], and some new measurements that constrain 
the activation energy of grain growth are used to show that 
observed values of grain-size are consistent with modelled 
thermal histories and available experimental constraints. 
Extension to a wider range of H-chondrite samples is planned. 

 
[1] Trieloff M. et al (2003) Nature, 422, 502–506. [2] 
Monnereau M. et al (2013) Geochim. Cosmochim. Acta, 119, 
302-219. [3] Guignard J., et al (2012) Phys. Earth Planet. Int. 
204, 37-51.  
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Granitoids intruded along a large dextral sense E-W 
trending shear zone (Coxixola-Timbaúba shear zone) in the 
Central Domain of the Borborema Province show distinct 
crystallization ages and geochemical signatures. The oldest 
granitoids (Timbauba and Serra Inácio Pereira plutons - 
TSIPP) comprise 02 large calc-alkaline intrusions with 
composition ranging from granodiorite to granite, and 
enclosing enclaves of diorites. They show similar U-Pb zircon 
SHRIMP ages (616 ± 5 Ma and 618 ± 5 Ma). They are 
metaluminous to slight peraluminous, magnesian granitoids 
with high Ba (4440 to 6654 ppm) and Sr (2358 to 2962 ppm), 
medium to high Zr (321 a 378 ppm), low Y (19.5 a 25.4 ppm) 
and Nb (14.7 to 17.0 ppm) contents. Their REE patterns are 
characterized by absence of significant Eu anomalies (Eu/Eu*= 
0.92 – 1.15) and (Ce/Yb)N ratios ranging from 28.34 to 40.09.  

The TSIPP calc-alkaline granitoids are intruded by alkaline 
granitoids (Serra do Marinho Pluton) with crystallization age 
of 563 ± 4 Ma. They have low Sr (238 to 272 ppm) and high 
Zr (755 to 846 ppm) contents. The Y (40 to 75 ppm) and Nb 
(9.0 to 51.0 ppm) contents are higher and the Ba (1660 - 1680 
ppm) contents lower compared to the values recorded in the 
TSIPP calc-alkaline granitoids. They have REE patterns 
characterized by negative Eu anomalies (Eu/Eu*= 0.39 – 0.59) 
and (Ce/Yb)N ratios ranging from 6.62 to 20.25. They are 
ferroan granitoids with composition similar to A2-type 
granites. Later dykes of rapakivi granitoids show U-Pb zircon 
crystallization age of 527 ± 6 Ma and A-type geochemical 
signature. These dykes are intruded by dykes of grey 
leucogranites. Concordant ages of ca. 480 Ma, recorded in 
overgrowths of zircon grains from the Serra do Marinho 
Pluton, are probably associated to the intrusions of these 
leucogranite dykes.  

The data suggest a long history of magmatism along the 
Coxixola-Timbaúba shear zone during the Brasiliano (=Pan-
African) orogeny. 
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Metallic trace elements like Zn and Cu are mobilized 

during weathering at the rock-water interface and transported 
through soils and rivers. Modification of their speciation and 
bioavailability are expected in contrasted zones such as river 
confluences. In the Amazonian basin, mixing between the 
white mineral waters of Rio Solimões and the black organic 
waters of Rio Negro is a judicious place to study the processes 
that control the distribution of Zn and Cu in the water column 
and between particulate and dissolved phases.  

 Waters were collected in low water period, in each 
tributary and 80 km downstream the confluence. Five vertical 
profiles were sampled for each river section. Water velocity 
variability is observed, mainly in the Amazon River section, 
with a gradient front between the banks. To accurately 
determine element fluxes and tributary’s impact in the mixing, 
we developed a box model from ADCP measurements with a 
weighing of sampling points relative to their velocity. A 
diffusive gradient is modeled at the boundary of each box.  

Zn and Cu concentrations in the water sections appear 
heterogenous, with enriched Cu and depleted Zn in the 
dissolved load of Solimoes compared to Rio Negro. Zn and Cu 
partition coefficients (Kd) between suspended sediments 
(SPM) and dissolved phases increase with depth in most 
profiles. Zn is mainly carried by SPM (clays or Particulate 
Organic Mater i.e. POM) whereas Cu has a high affinity for 
dissovel organic matter and its abundance in the Amazon is 
clearly controlled by the organic matter inputs from the Rio 
Negro. Exchange processes (soprtion/desorption, redox…) 
during mixing of the two water masses are possibly 
constrained by Cu and Zn isotope ratio measurements (δ66Zn 
and δ63Cu) in SPM. Chemical composition of SPM (POM, 
oxides and clays) and previous experimental studies [1, 2] 
predict a shift toward higher δ66Zn in SPM after the 
confluence, caused by preferential binding of heavier isotopes 
on solids, and variable along the diffusive mixing water front. 
 
[1] Jouvin et al ES&T 43, 5747-5754. [2] Juillot et al GCA 72, 
4886-4900. 
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Improvements in Laser Ablation for material sampling 
over the past few decades have led to the emergence of several 
applications of this in-situ technique to some important 
geochemical measurements. The technique is commonly used 
for both elemental [1] and isotopic analyses [2], and has 
multiple advantages compared to dissolution techniques, 
notably higher spatial resolution, easier and faster sample 
preparation, and for many applications it is a non-destructive 
method. A significant advantage of this technique in 
geochemistry is full characterization of a sample (e.g., glass or 
mineral) using a single spot of limited size (i.e., 20-80 μm) to 
eliminate or minimize complexities due to potential chemical 
zonations. Major advancement is being realized in the analysis 
of volcanic glasses for their elemental and volatile 
concentrations using a new approach that combines the 
capabilities of the two most common laser ablation techniques 
– Laser Ablation Inductively Coupled Plasma Mass 
Spectrometry (LA-ICP-MS) and Laser Induced Breakdown 
Spectroscopy (LIBS). LIBS is based on direct measurement of 
the optical emission originating from the laser-induced plasma 
[3] whereas LA-ICP-MS involves transport and excitation of 
the ablated aerosol to a secondary source (ICP), before 
entering a mass spectrometer [4].  

Analysis by these two techniques can complement each 
other quite well, as every laser pulse for ablation provides the 
optical plasma for emission spectroscopy and particles for ICP 
mass spectrometry. We will present data demonstrating that 
H2O concentrations in volcanic glasses can be determined 
accurately and precisely using LIBS (2-3% external RSD with 
60 μm spot size), which is not possible using only LA-ICP-MS 
but now achievable with the tandem LA-ICP-MS/LIBS 
technique.  
 
[1] Longerich et al 1996, J. Anal. Atom. Spec., 11, 899-904. [2] 
Gerdes and Zeh, 2009, Chem. Geol., 261, 230-243. [3] Russo 
et al 2008, In Laser Induced Breakdown Spectroscopy, p. 49-
79. [4] J. Koch and D. Gunther, Applied Spectroscopy, 2011, 
65, 155–162. 
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The Colorado Front Range (CFR) basement developed at 
~1800 Ma and was subsequently intruded by granitic 
batholiths at ~1700, ~1450, and ~1080 Ma, commonly referred 
to as, respectively, the Boulder Creek, Silver Plume, and Pikes 
Peak magmatic events [1]. The Lake George intrusion is an 
epizonal granitic ring complex thought to be part of seven 
small alkalic intrusive bodies interpreted by some as late-stage 
events in the Pikes Peak Batholith [2].  

In order to better understand the chronology of 
emplacement and the nature of the magma sources of the Lake 
George ring complex, we analyzed zircons from seven 
lithologies sampled at Lake George and vicinity, and 
representing the different intrusive phases and general CFR 
intrusions, for their U-Pb and Hf isotope compositions.  

We found zircon U-Pb ages of 1696 ± 5 Ma, 1449 ± 10 
Ma, and 1432 ± 7 Ma, consistent with the Boulder Creek and 
Silver Plume magmatic events. These are accompanied by 
moderately positive εHf values indicating significant 
involvement of pre-existing crust in their genesis, as opposed 
to the essentially juvenile ~1800 Ma basement. This is similar 
to what has been inferred previously from Nd isotopes [1]. The 
Lake George intrusive center is composed of a syeno-
monzonite, which gives a zircon U-Pb age of 1428 ± 8 Ma, and 
has a Hf isotope composition indistinguishable from that of 
similarly aged wall-rocks. Ages and εHf for the other intrusive 
lithologies systematically decrease towards the external parts 
of the Lake George ring complex (+4.9 at 1117 ± 12 Ma, +0.8 
at 1087 ± 12 Ma, and -0.6 at 1066 ± 10 Ma). The latter result is 
for an extensive medium- to coarse-grained granite, known as 
the typical Pikes Peak Batholith. The present zircon U-Pb and 
Hf isotope data indicate that the Lake George ring complex 
represents an early stage in the formation of the Pikes Peak 
Batholith, consistent with petrological models for its formation 
and growth first proposed by Barker et al [3]. 

 
[1] DePaolo et al (1981), Nature 291, 193-196. [2] Wobus and 
Anderson (1978), J. Res. US Geol. Surv. 6, 81-94. [3] Barker et 
al (1975), Precamb. Res. 2, 97-160. 
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Silicic domes are increasingly being recognized on the 
lunar surface. Two main models have been proposed as a 
possible explanation for this volcanism, silicate liquid 
immiscibility and crustal melting [1]. We are investigating 
whether crustal melting can produce a melt similar to lunar 
granite compositions via a series of partial melting 
experiments. Likely protoliths and melting conditions have 
been identified using the thermodynamic modeling software 
MELTS and Rhyolite-MELTS [2,3,4].  

Experimental results have been obtained for a synthetic 
composition equivalent to a lunar monzodiorite (14161,7069), 
containing 54% SiO2 and 14% FeO. The experimental run was 
performed in a 1-bar gas-mixing furnace, with fO2 set at IW. It 
was first heated to 1300°C for 30 mins before temperature was 
lowered to 1000°C and held for 5 days, then rapidly quenched. 
The result is a ferroan glass (~85%)(56 wt.% SiO2; 14 wt.% 
FeO), coexisting with plagioclase, pyroxene, quartz, and a 
minor amount of oxides. The ferroan glass composition is 
similar to liquids predicted at 1100°C and FMQ-5 by MELTS. 
However, immiscibility occurs locally around crystal clusters, 
comprising SiO2-rich blebs located within FeO-rich glass. The 
SiO2-rich glass composition (<3% of the sample) appears to 
match those of lunar granites within a few percent error for the 
majority of oxides (excluding Al2O3 and MgO).  

Additional experiments are being run at 1-bar to explore 
the immiscibility of melts of monzodiorite and at upper crustal 
pressures (0.5-2 kbar) for more realistic melting conditions and 
to potentially inhibit immiscibility. These results will be 
presented at the conference. 

 
[1] Hagerty et al (2006) JGR, 111, E06002. [2] Ghiorso and 
Sack (1995) CMP, 119, 197-212. [3] Asimow and Ghiorso 
(1998) Am. Min., 83, 1127-1131. [4] Gualda et al (2012) J. 
Petrol. 53, 875-890. 
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Copper (Cu) is an essential, redox-active metal for 

phytoplankton, playing key roles in, for example, respiration 
and photosynthesis. Furthermore, in some phytoplankton Fe 
limitation increases significantly the Cu demand. On the other 
hand, high Cu concentrations may cause oxidative damage. In 
the sea, Cu concentrations can range from low (0.5-6 nM) in 
open waters to high (2-150 nM) in coastal areas, suggesting 
that Cu can be either limiting or toxic. Despite the importance 
of Cu nutrition in marine phytoplankton, the specific genes and 
proteins involved in Cu transport and homeostasis are largely 
unknown. Using the diatom T. pseudonana as a model 
organism, we searched its genome for candidate genes 
involved in Cu assimilation and intracellular distribution. We 
then tested the transcriptional expression of these genes in 
cultures acclimated to various Cu and Fe levels. We identified 
genes encoding two putative homologs of high-affinity Cu 
transporters (CTR). These putative CTR-like Cu transporters 
have the conserved CTR Cu-binding motifs and 
transmembrane domains, and their gene expression was down-
regulated by addition of Cu to low Cu acclimated cultures, 
which is typical of genes encoding CTRs. For intracellular Cu 
distribution, we identified genes encoding putative Cu 
transporting P1B-type ATPases, and Cu chaperones delivering 
Cu to the trans-Golgi compartment, and to the mitochondria, 
respectively. The expression of these intracellular Cu 
transporters and chaperones genes was down-regulated by a Cu 
addition, indicating that they might be involved in Cu 
redistribution under low Cu. Furthermore, the vast majority of 
the genes identified were up-regulated by low Fe, suggesting a 
significant role for Fe in controlling the expression of Cu-
related genes and a complex interaction between Cu and Fe 
cellular response networks.  
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Metastudtite, (UO2)O2(H2O)2, is one of the few minerals 

containing peroxide and maybe an important alteration phase 
in geological repositories or nuclear plant accidents, as well as 
some natural geologic settings. Decomposition of synthetic 
metastudtite was characterized by thermogravimetry (TG) and 
differential scanning calorimetry (DSC) with ex-situ X-ray 
diffraction analysis of its products. Three decomposition steps 
were observed in both oxygen and inert atmospheres, with 
water loss around 220 °C associated with an endothermic heat 
effect accompanied by amorphization, following by slowing 
oxygen loss prior to recrystallization, eventually reduction to 
U3O8. Standard formation enthalpy of metastudtite was 
obtained from high temperature solution calorimetry in sodium 
molybdate melt and from the heat effect on reduction to U3O8 
during transposed temperature drop calorimetry at 700 °C. The 
obtained value -1780 ± 2 kJ/mol [1, 2] agrees with earlier 
reports and estimates from thermal analysis. Amorphous UO3 
(am-UO3) with surface area 8.8 m2/g was prepared by 
decomposition of metastudtite at 400 °C. Enthalpy of water 
adsorption on metastudtite and am-UO3 was measured directly 
by gas adsorption calorimetry providing integral enthalpy of 
chemisorption as -84 kJ/mol at 4.1 H2O/nm2 for am-UO3, and -
116 kJ/mol at 2.8 H2O/nm2 for metastudtite. These coverages 
represent the transition from chemisorbed to physisorbed 
water.  
 
[1] Cordfunke, et al (1063) Recl. Trav. Chim. Pays-Bas, 82, 
(3). [2] Cordfunke (1966) Thermodynamic properties of 
hexavalent uranium compounds, IAEA: Vienna, Austria, Vol. 
2, 483-495 
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Experimental 

A three-wavelength photoacoustic soot spectrometer (405, 
532, and 781 nm) was used to investigate the wavelength-
dependent optical properties of diesel exhaust particles (DEP) 
emitted from a diesel engine vehicle running on a chassis 
dynamometer in a transient driving mode (JE-05) and a 
constant speed mode (either idling or driving at 70 km/h). The 
optical properties were measured after passing the diluted 
exhaust through a heater, which was controlled at 20, 47, or 
300°C (transient driving mode) or between 20 and 400°C 
(constant driving mode). The OM accounted for on average 
∼40 and ∼35% of the total mass concentration of DEP during 
the transient and constant driving modes, respectively. 
Results and discussion 

In the transient driving mode, enhancement of the 
scattering coefficients at 20 and 47°C, as well as the mass 
concentration of organics, was observed during the “high-
speed driving period (∼80 km/h)” corresponding to driving on 
a highway. No enhancement of the light absorption due to 
coating (the lensing effect) was observed for either the 
transient (including the “high-speed driving period”) or 
constant driving modes, possibly because organic matter (OM) 
was mainly externally mixed with the black carbon (BC) in the 
fresh DEP under our experimental conditions. 

By comparing the wavelength dependence of the 
absorption coefficients with and without heating, the 
contributions to total light absorption at 405 nm by OM was 
estimated. A significant contribution by light-absorbing OM 
(20 ± 7%) to total light absorption at 405 nm was observed 
during the “high speed driving period” of the JE-05 mode, 
while the contributions were small during the other periods in 
the JE-05 mode and the constant driving mode. 
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Seasonal suspended particulate matter (SPM) and bed 

sediments were collected for one year from the Nethravati 
estuary. Nethravati is a small tropical mountainous river 
draining predominantly granite-gneisses, charnockites and 
metasediments belonging to Archean, and alluvium and 
laterites of quaternary-tertiary period. The heavy metals in the 
Nethravati estuary and their geochemical behaviour are 
studied. The suspended particulate matter and its metal 
chemistry show strong seasonal and spatial variation in the 
estuary. The Fe and Mn oxyhydroxides are important carriers 
of metals in the estuary; however, the abundance of 
oxyhydroxides in the estuary is highly seasonal. The Fe oxy-
hydroxides are abundant in the estuary compared to Mn 
oxyhydroxides. Maximum concentration of heavy metals in the 
estuary was observed at low Fe/Mn ratio, suggesting role of 
Mn oxyhydroxides in the metal partitioning. The metal 
geochemistry in the estuary is driven by the redox cycling of 
metals in the estuary coupled with adsorption-desorption of 
metals on to the metal oxyhydroxides. The heavy metal 
concentrations in the estuarine bed sediments are higher than 
the suspended particulate matter (SPM). However, from the 
pollution point of view, the concentrations of heavy metals are 
not enriched and are within the limits.  
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Over the years, metals and metalloids from tailings of 

abandoned mines around the San Antonio-El Triunfo mining 
district, Baja California Sur, México, have polluted sediments 
and water bodies. On the other hand, there is evidence to 
suggest local hot springs as an additional source for 
contamination in the area [1]. The aim of this study is to 
identify lead sources by applying lead isotope signatures and to 
draw conclusions with regard to other metals and metalloids. 
Samples were taken from sulfides and scoria from the 
abandoned mines, fluvial sediments from adjacent basins, and 
rocks with secondary disseminated mineralization. Sediments 
and whole rock samples were leached with 1N HCl to 
differentiate between superposed lead and residual lead in 
mineral structures. Leachate and residua samples were 
performed separately. Sample preparation and ion exchange 
chromatography was conducted in cleanlab facilities at Centro 
de Investigación Científica y de Educación Superior de 
Ensenada (CICESE). The Isotope ratios were measured with a 
Thermo TRITON at LUGIS, Universidad Nacional Autónoma 
de México.  

Most of the residua have lead isotope ratios similar to those 
from sulfides and scoria of the mining district (Source A), 
indicating that most of the detritus is related to the mineralized 
plutons. However, there is evidence for an additional detrital 
component (Source B). Lead isotope ratios from the leachates 
indicate a different source for the superimposed lead (Source 
C) which is best explained by contamination with the average 
Mexican anthropogenic lead [2]. Secondary disseminated 
mineralization presumably related to younger deep structures 
(hot springs) has different lead isotope ratios (Source D). 
Hence, lead isotope systematics is a feasible method to trace 
sources for metals and metalloids.  

  
[1] Razo et al (2004) Water Air Soil Pollut., 152, 129-152. [2] 
Martínez et al (2004) J. Atmos. Chem., 49, 415-424.  
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Mercury is a toxic heavy metal classified as a priority 
pollutant. Sulfate-Reducing bacteria (SRBs) are one of the 
main methyl mercury producers, and are widespread in anoxic 
sediments. Their role in methylmercury production in suboxic 
or oxic environments is still an open question. Recently a 
cryptic sulfur cycle was described in the oxygen minimum 
zone near the Chilean coast. Nevertheless only few data exist 
so far on SRBs presence, diversity and activity in oxic marine 
water bodies.  

During an oceanic field campaign in the Mediterranean sea 
(MERCYMS European project) mercury methylation was 
detected at depth where maximum chlorophyll a was found 
(220-240 µM of oxygen). SRBs were studied on the basis of 
dsrAB genes (nested PCR). Three main phylotypes could be 
retrieved, related to Desulfofustis glycolicus, 
Desulfomicrobium escambiense and Desulfotomaculum sp. At 
that time no SRB isolations could be achieved, neither in situ 
activity of these SRBs could be demonstrated.  

Therefore SRB were studied on an estuarine to marine 
waters transect (Adour, France) by combining high-throughput 
cultivation and molecular techniques. The dsrAB genes were 
successfully detected along all the transect and the number of 
viable sulfide producing bacteria ranged from 8.4x104 to 
1.0x103 cells.L-1. SRB occurring in turbid surface waters 
originated from estuarine sediments. In contrast, indigenous 
SRBs, related to Desulfovibrio oceani, were detected in the 
diltuted plume and in marine waters where oxygen 
concentrations reached 240 µM. In addition, pyrosequencing 
of the 16S rRNA transcripts demonstrated that Desulfovibrio 
related populations were active in these samples. The 
investigation of their methylation capacities will improve our 
knowledge on the role of SRB on methylmercury production in 
oxic oceanic waters.  
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This study presents the preliminary results of whole rock 
trace elements analysis of the Utica Shale in southeastern 
Quebec. Samples obtained from Talisamn Saint-Edouard No1 
exploration well are from a 32m interval of the deep part of the 
Utica Shale (1998-2030m). The sample lithology varies from 
shale to fine to medium grained calcareous siltstone (MINC up 
to 12%).  Samples have generally fair to good TOC content 
ranging from 0.08 to 2.25%, with average 1.31%. The major 
organic matter constituents of samples are migrated solid 
bitumen and chitinozoan skeleton, which show a high thermal 
maturity (1.95 to 2.33% Roequiv.) and are in the dry gas zone. 

The samples show a  wide range of Mo and narrow range 
of U enrichment factor (0.6 to 317 and 2.3 to 12.7, 
respectively) in comparison to the average continental crust 
elemental composition. The Mo concentration varies from 0.2 
to 81.2 ppm with a mode of 0.9 ppm which indicates 
precipitation under suboxic condition with short periods of 
euxinic condition with higher concentrations (>30 ppm) of Mo. 

Unlike many black shales and oxygen-deficient modern 
marine basins, the Utica Shale samples show a negative 
correlation between TOC and Mo (r = –0.377, P < 0.0001, n = 
210). However there is a significant positive correlation 
between U and TOC (r = 0.455, P < 0.0001, n = 210). In 
addition, there is a good positive correlation between Na (r = 
0.566, P < 0.0001, n 210), Al (r = 0.2, P = 0.004, n = 210) and 
K (r = 0.185, P = 0.007, n = 210) with TOC. 

These results suggest that there is not a genetic correlation 
between Mo and organic matter. As most of the organic matter 
in the rock is migrated bitumen, which is mainly adsorbed by 
clay fraction in the rock, there is a good correlation between 
aluminosilicates and TOC. However, this results in a negative 
correlation between Mo and TOC. The findings of this study 
show that trace element data could be an effective measure for 
discriminating reservoir intervals from source rock zones in 
unconventional resources studies. 
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This study presents the preliminary results of whole rock 
rare earth elements analysis of the Utica Shale in southeastern 
Quebec. Samples obtained from Talisman Saint-Edouard No1 
(deep Utica; ~2000 m) and Junex Saint-Augustin No1 (shallow 
Utica; ~400 m) exploration wells. The sample lithology varies 
from shale to fine to medium grained calcareous siltstone 
(MINC up to 12%).   

Samples have generally fair to good TOC content ranging 
from 0.08 to 2.25%, with average 1.31%. The major organic 
matter constituents of samples are migrated solid bitumen and 
chitinozoan skeleton. Saint-Edouard No1 samples are in dry 
gas window (Roequiv. = 2.1%) while Saint-Augustin No. 1 
samples are in oil generation window (Roequiv. = 1.2%). 

Average chondrite-normalized patterns of two samples are 
identical to the pattern of upper continental crust with minor 
depletion in the REE concentration relative to upper 
continental crust. The normalized LREE (La-Eu) content of 
two sets of samples are identical, however, there is a 
divergence in normalized HREE (Gd-Lu) contents with HREE 
enrichment in Saint-Edouard No. 1 samples. The lower 
maturity samples have a good and consistent correlation 
between REE elements and aluminosilicates, while in the 
higher  maturity samples, the correlation between 
aluminosilicates and REE is more  towards HREE. 

Organic acids are by-products of organic matter thermal 
maturation, with their generation to increase with temperature 
and the level of maturity [1]. The higher concentrations of 
organic acids resulting from thermal cracking of kerogen may 
cause remobilization of HREE [2] for the higher maturity 
samples. The results of this study could have important 
implications for environmental studies regarding the late 
diagenetic processes and trace and rare elements 
remobilization in shale gas target units..  

 
[1] Barth & Bjorlykke (1993) Appl. Geochem. 8, 325-337. [2] 
Clauer et al (2006) Chem. Geol. 234, 169-177.  
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Identifying mixing between ground and surface water is 

challenging in fractured aquifer settings, where baseflow 
occurs at difficult-to-delineate point locations. Particularly in 
regions where multiple mineralogically distinct lithologies 
contribute to solute yields, chemical indicators that allow 
delineating characteristic mineral fingerprints of source rock 
and water end-members are critical. This study assesses water 
mixing in the Pahsimeroi River, a small flashy stream draining 
two heavily deformed mountain ranges each characterized by 
numerous normal faults that juxtapose impermeable bedrock 
with pervious alluvial sediments. To estimate the input of 
various sources to streamflow, a multiple end-member mixing 
system was established using two tracers: (1) 87Sr/86Sr ratios, 
and (2) carbonate and silicate weathering rates 
(CWRcarb/CWRsil) which were each constrained based on 
specific weathering reactions following a major ion inversion 
technique. Our results show that the input from carbonate 
sources (tributaries and springs) decreases from 81% in the 
main stream headwaters to 6% in the lowlands while the 
corresponding input from volcanic and metamorphic sources 
increases from 19% to 81% and 0% to 12%, respectively. 
Although seasonal variations are muted, the metamorphic 
source input is higher in winter than in summer months; a 
trend that is reversed for the volcanic and carbonate source 
contributions. Alluvial groundwater exhibits highly variable 
87Sr/86Sr vs. CWRcarb/CWRsil values indicating a poorly mixed 
reservoir which is consistent with the local fractured aquifer 
setting. The data further indicates a characteristic trend 
towards increasing baseflow inputs from volcanic rock 
aquifers particularly in the downstream sections where the 
basin shallows and decreases in width. This confirms baseflow 
estimates from flow duration curves and suggests groundwater 
sustains perennial flow in the agriculturally developed 
lowlands. 
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In this study, mass-dependent isotope fractionation is 
estimated among representative Te-bearing species using first-
principles thermodynamic calculations. Tellurium is a 
relatively rare element in group 16, with eight stable isotopes 
ranging in mass from 120 to 130 and six commonly-occurring 
oxidation states: -II, -I, 0, +II, +IV, and +VI. Te(-II) forms 
metal-bearing tellurides in magmatic and hydrothermal ore 
deposits, including gold and silver tellurides. Te(0) is also 
found in precious metal hydrothermal ore deposits. However, 
the higher oxidation states of Te are thought to be the most 
thermodynamically stable oxidation states at the Earth’s 
surface. The range of valence states in natural systems and 
large relative mass difference between the heaviest and lightest 
isotope of tellurium provides an opportunity for finding 
geochemically useful isotope abundance variations.  

Tellurium isotope fractionations were determined for 
representative molecules and crystals of varying complexity 
and chemistry. Gas-phase calculations are combined with 
supermolecular cluster models of aqueous and solid species, 
these in turn are compared with plane-wave density functional 
theory calculations with periodic boundary conditions. In 
general, heavy tellurium isotopes will be enriched in more 
oxidized species, and depleted in reduced species, in both the 
gas-phase species and crystals. Isotope fractionations 
calculated with hybrid density function theory (B3LYP) 
models using medium-sized and larger basis sets for 
supermolecular clusters of PbTe (altaite), Ag2Te (hessite), 
CdTe, AuTe2 (calaverite), and native Te agree with each other 
and appear not to depend greatly on the details of basis set 
choice. PbTe is predicted to have lower heavyTe/lightTe than the 
coexisting CdTe, Ag2Te, and AuTe2 at all relevant 
temperatures. 130Te/125Te for PbTe, will be about 0.3 – 0.5‰ 
lower than gold/silver tellurides and CdTe at 100°C. MC-ICP-
MS measurements show a range of -2.1 to 0.8‰ for δ130/125Te 
in tellurides and native tellurium and -2.1 to 0.6‰ in tellurites 
and tellurates. Calculated isotope fractionations for 
supermolecular clusters representating CdTe and native 
tellurium are in reasonable agreement with plane-wave density 
functional theory models with periodic boundary conditions 
but for other crystals the agreement is not as good. 
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Sulfur is one of the major ligands of gold in fluids of the 

Earth’s crust and thus has a strong influence on gold solubility 
and transport to ore deposits. A detailed understanding of these 
processes requires knowledge as to which of the various 
known sulfur species are actually available in crustal fluids for 
complexation with gold. In a recent Raman study, Pokrovski 
and Dubrovinsky [1] found that at the relevant conditions, S3

- 
might be more abundant than competing sulfur-bearing ligands 
of gold, which are dominant at near-ambient conditions. 
Therefore, S3

- might play an essential role in the mobilization 
of gold in crustal fluids if it is able to form stable complexes 
with the metal. 

We investigated different gold-sulfur complexes in water, 
including AuS3

-, with first-principles molecular dynamics 
simulations, based on density functional theory. We compare 
the extended x-ray absorption fine structure (EXAFS) derived 
from our simulations to recent experimental data [2], which 
allows us to identify the experimentally detected species. The 
geometry and vibrational properties of various solvated gold-
sulfur complexes are investigated, and we rationalize them in 
terms of their electronic structure. Furthermore, we discuss the 
influence of redox conditions on the speciation of gold-sulfur 
complexes. From a methodological point of view, we show 
how computer simulations can assist the interpretation of 
experimental data by elucidating the structure and dynamics of 
solvated species at the atomic level. 

 
[1] G. S. Pokrovski and L. S. Dubrovinsky (2011), Science 
331, 1052-1054 [2] G. S. Pokrovski et al (2009), Geochim. 
Cosmochim. Acta 73, 5406-5427 
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Precambrian banded iron formations (BIFs) provide unique 

archives of the early Earth. However, post-depositional 
alteration and metamorphic processes influence the chemistry 
and mineralogy of BIFs and make the interpretation of primary 
sedimentary processes challenging.  Anoxygenic phototrophic 
or microaerophilic Fe(II)-oxidizers were suggested to have 
played a key role in the precipitation of the primary BIF 
precipitates, i.e. Fe(III) (oxyhydr)oxides [1]. It is unknown 
whether BIF mineral assemblages are formed when cell-
mineral aggregates are reacted at relevant temperature and 
pressure (P/T) conditions that simulate BIF diagenesis. 

We simulated diagenesis experimentally in gold capsules 
at 1.2 kbar and 170 °C with ferrihydrite or hematite mixed with 
either untreated or P/T-pretreated bacterial biomass, which 
simulates partially degraded sedimented organic carbon. We 
identified and quantified the gases and minerals formed, 
quantified the extent of thermogenic Fe(III) reduction, and 
characterized the maturity of organic carbon at the end of P/T 
incubation. 

We found that BIF-like mineral assemblages including 
hematite, siderite and magnetite were formed. CO, CO2, and 
CH4 among other hydrocarbons were produced during 
simulated diagenesis, implying a possible sink for electrons 
and carbon out of BIF.  
 
[1] Posth et al (2013) Sedimentology 60 (7), 1733-1754 
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Evidence for the oxygenation of Earth’s oceans and 

atmosphere has evolved dramatically over the past two 
decades. Geologic observations, qualitatively interpreted to 
provide the basis for our current understanding, are 
increasingly augmented by rich geochemical and isotopic 
records, each with associated complexities and model-
dependent interpretations. Typically, records are interpreted in 
isolation from one another, and with heavy reliance on insight 
from modern biogeochemical cycles. 

The notion that there is valuable additional information in 
the relative timing of changes recorded in different redox-
sensitive proxy records, as well as in spatial patterns in each of 
these records, is appreciated, but often overlooked. 
Furthermore, though modern biogeochemical cycles 
importantly constrain the interpretation of proxy records, 
processes that may have been of key importance in the early, 
anoxic cycles may be minor, or altogether absent, in today’s 
oxidizing surface environment. These same processes may 
additionally be very poorly characterized in laboratory 
experiments and natural environments due to their minor 
present-day importance, making it difficult to account for them 
in the interpretations. Finally, though the goal is often to 
understand atmospheric composition and climate, information 
most commonly comes from a record of lithified marine 
sediments, with variably complex histories of interaction with 
seawater, diagenesis and metamorphism. 

Thus, the information in multiple proxy records may yield 
quantitative insight into the sequence of events leading to and 
following from the rise of atmospheric oxygen only if 
processes governing the preservation of these records are 
adequately understood and are incorporated into models of 
sufficient biogeochemical and spatial sophistication. As the 
relevant chemical and isotopic parameters are often unknown, 
greater insight is gained by integrating experimental results 
into the numerical models. In addition to shedding light on the 
operation of early biogeochemical cycles, such models 
advance the state of knowledge by generating testable 
hypotheses and providing guidance to future observations and 
models. To demonstrate the utility of this approach, I will 
present an environmentally-resolved, experimentally-
constrained model of Precambrian ocean chemistry, with an 
emphasis on the biogeochemical cycles of sulfur and iron. 
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Iron formations (IF) provide strong evidence for the 

mobility of iron in Earth’s oceans prior to ~2.3 billion years 
ago (Ga), which in turn implies that both dissolved oxygen and 
marine sulfide levels were low [1,2]. However, despite decades 
of IF research, driven by economic interest and the potential of 
IF to constrain marine paleoenvironments, several aspects of 
IF genesis remain incompletely understood. Notably, though 
recent hypotheses focus on amorphous ferric hydroxides [3,4], 
the precursor to the observed mineral assemblages in IF has 
not been conclusively identified [5]. One heretofore neglected 
precursor is the ferrous-ferric hydroxy-salt green rust. 
Combining thermodynamic calculations, laboratory 
experiments and dynamic models of the early iron cycle, we 
find that green rust likely had a quantitatively important role in 
IF genesis [6]. 

In laboratory experiments, we find that carbonate green 
rust: i) readily precipitates from Precambrian-analog seawater 
solutions of variable composition, ii) transforms upon aging 
into all of the mineral types observed in IF, iii) yields 
microtextures reminiscent of some IF. Importantly, a green rust 
precursor may explain how predominantly ferrous or mixed 
valence mineral assemblages formed diagenetically in organic-
poor IF. Incorporating these results into a biogeochemical 
model of the early iron cycle, we find that for “typical” 
Archean and Paleoproterozoic conditions the precipitation and 
settling of green rust constitutes up to ~80% of the total 
seawater iron sink, with the remainder being removed from 
seawater by precipitation and settling of amorphous ferric 
hydroxides. 

Our results carry implications for the availability of 
bioessential nutrients. Furthermore, they require a revision of 
the current understanding of the early iron cycle, of 
interpretations of the iron isotope and trace element records 
[7], and of the way in which these records are used to infer 
ancient paleoceanographic conditions. 
 
[1] Holland (1973) Econ. Geol. 68, 1169–1172. [2] Cloud 
(1973) Econ. Geol. 68, 1135–1143. [3] Kappler et al (2005) 
Geology 33, 865–868. [4] Fischer and Knoll (2008) GSA Bull. 
121, 222–235. [5] Bekker et al. (2010) Econ. Geol. 105, 467–
508. [6] Alesker et al (2014) submitted. [7] Schuster et al 
(2014) Min. Mag. this volume. 
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Lead (Pb) is a dangerous neurotoxin that has been a 

concern for public health for at least the last 100 years.  Pb was 
introduced into our environment mainly through the addition 
of the heavy metal in two products: paint and gasoline.  When 
these two leaded products were introduced on the market, they 
became the preferred choice to their unleaded predecessor.  
Deposition onto surface soils continued until the two products 
were removed from the consumer market 30-40 years ago.  

The present study investigates surface soils throughout 
Philadelphia, PA using a handheld X-Ray Fluorescence (XRF) 
Analyzer and obtains data during community workshops that 
teaches participants about soil health and its relation to public 
health.  These informal science experiences expose community 
members to current environmental issues in their 
neighborhoods and engage a diverse and mostly 
underrepresented population to earth science.  The Handheld 
XRF is used during the workshop and participants are exposed 
to the state-of-the-art instrumentation.  

The data presented here were collected during community 
workshops in various locations throughout the city and show 
high concentrations of Pb in surface soils.  These locations can 
be categorized by their historical land use, which accounts for 
the range in results. The three major categories are: 1) Former 
Industrial (FI), 2) Painted before 1978 (PB), and 3) Painted 
after 1978 (PA).  The highest concentrations are found in the 
FI and PB sites, with levels exceeding 3000 ppm, almost 10x 
the EPA standard for residential soils where children are 
exposed.  However, all locations within Philadelphia exhibit 
measurable amounts of Pb in the soil, which creates potential 
exposure to a dangerous toxin for all residents.   
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Mantle pyroxenites and pyroxenite layers within peridotite 

massifs provide direct evidence of mantle heterogeneity due to 
their highly variable Sr-Nd-Hf-Pb-Os isotopic compositions. 

We presented isotope data from the Bohemian Massif, the 
easternmost part of the European Variscan chain. Samples 
were collected from two different areas of the Moldanubian 
Zone: (1) Gföhl Unit and (2) Kutná Hora Crystalline Complex. 
The pyroxenite composition of the studied samples ranges 
from clinopyroxenite to websterite and they likely represent 
crystal cumulates (± trapped liquid) from melts migrating 
along conduits, and reacting with peridotite in a mantle wedge 
above a Variscan subduction zone.  

The studied samples have relative variable Re and Os 
concentrations that varies from 0.103-1.45 ppb and 0.18-1.84 
ppb, respectively. Radiogenic 187Os/188Os ratios ranging from 
0.1425 to 0.3247. That results in superchondritic γOs values 
from +3 to +132. The relative high Re contents coupled with 
radiogenic Os isotopic compositions and these pyroxenites 
may indicate significant Re and radiogenic Os, which are 
importated from basaltic melts during subduction (mantle 
refertilization). Two of the studied samples have only slightly 
superchondritic 187Os/188Os composition, which is in agreement 
with their derivation from subcontinental lithospheric mantle. 
In contrast, most of the pyroxenites display radiogenic γOs 
suggesting variable, but significant contribution of recycled 
crustal material (subducted oceanic crust) in the migrating 
upper mantle melts from which they were crystallized. This 
enrichment was most likely associated with Variscan 
subduction processes. Melt-rock reactions between previously 
depleted peridotite and invading melts with highly radiogenic 
187Os/188Os composition (γOs up to +132) would lead to mantle 
refertilization with significant addition of Re. 
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The recent theories of planet formation suggests that 

terrestrial planets would experience global melting due to giant 
impacts, i.e. the formation of a magma ocean[1]. Early 
atmosphere forms by degassing from the interior, wherease 
hydrodynamic escape could blow off the atmosphere during 
planetary solidification. If the atmosphere consists of 
greenhouse gases, the evolution of the atmosphere affects the 
thermal evolution of the magma ocean[2-5], which, in turn, 
contols the degassing rate. 

Recently, we considered early coupled evolution of steam 
atmosphere and magma ocean, and investigated the thermal 
history and water budget on early terrestrial planets[6]. Our 
resuls suggest that two disparate types of planets develop 
during solidification, depending on their distance from their 
parent star: wet and potentially habitable planets like Earth, 
and dried-out planets like Venus. These two types of planets 
can also solidify over vastly different timescales, depending on 
the initial amount of water present.  

Early terrestrial planets would have gaseous components 
other than water vapor during formation. Hydrogen is one of 
the candidates, as planets could capture nebula gas during 
formation, and also as it can be produced by chemical reaction 
between water and metallic iron, which could be scattered in 
the magma ocean on giant impact events. In this talk, we’d like 
to discuss contributions of hydrogen on early evolution of 
terrestrial planets. 

 
[1] Genda, H., Hamano, K., & Abe, Y. et al Goldschmidt 
Conference 2014 (in this volume).[2] Matsui, T. & Abe, 
Nature 319, 303–305 (1986). [3] Zahnle, K. J., Kasting, J. F. & 
Pollack, J. B. Icarus 74, 62–97 (1988). [4] Elkins-Tanton, 
Earth Planet. Sci. Lett. 271, 181–191 (2008). [5] Lebrun, T., 
Massol, H., Chassefière, E., Davaille, A.,  Marcq, E., & et al 
Geophys. Res. Lett. 118, 1155-1176 (2013) [6] Hamano, K., 
Abe, Y. & Genda, H., Nature, 497, 607-610 (2013). 
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For isotope ratio determinations in principle three 

instrumental ICP-MS solutions exist: Quadrupole based ICP-
MS, single collector magnetic sector field ICP-MS and 
multicollector magnetic sector field ICP-MS. General 
assumption is that precision and accuracy for isotope ratio 
measurements increases with complexity of technology used. 
The work will describe the achievements in isotope ratio 
analysis by a high performance quadrupole based ICP-MS. 

Key characteristic is a very high ion transmission achieved 
by an optimized interface, and a unique ion optical system with 
low chromatic and spherical aberrations, which focuses ions 
into one focal point. In result isotope concentrations in the 
single digit pg/L range can be determined – allowing the 
precise determination of the minor isotopes in isotopes systems 
like Uranium, Uranium/Lead and Thorium.  

The sensitivity of an ICP-MS is an indispensable 
performance characteristic: high sensitivity is on one hand 
important to measure isotope ratios with high precision despite 
of low concentrations, and/or to measure large isotope ratios to 
achieve high precision for low abundant isotopes. Beside that 
the abundance sensitivity is an important parameter for the 
accuracy of isotope ratio determinations. This is especially 
important for minor isotopes in the presence of neighboring 
intense ion beams.  

The presentation will discuss the figures of merit of a high 
sensitivity quadrupole ICP-MS for isotope ratio 
determinations. 



 Goldschmidt2014 Abstracts  

 

902 

902 

A Metabolically Versatile 
Cyanobacterium and the Low- 

Oxygen Proterozoic World 
 T.L. HAMILTON1*, J. KLATT2, L. BIRD1, K.H. FREEMAN1,   

D. DE BEER2 AND J.L. MACALADY1 

1Penn State Astrobiology Research Center (PSARC) and the 
Department of Geosciences, The Pennsylvania State 
University, University Park, PA, U.S.A.  
(*correspondence: tlh42@psu.edu) 

2Max-Planck-Institute for Marine Microbiology, Bremen, 
Germany 

 
The delay in the rise of oxygen to present day levels at the 

end of the Proterozoic represents an important gap in our 
understanding of ancient biogeochemical cycling. Little Salt 
Spring, a karst sinkhole in Sarasota County, FL, USA, water 
has low sulfate concentrations (<5 millimolar) and micromolar 
concentrations of both oxygen and sulfide in the photic zone, 
similar to ocean surface conditions expected during long 
stretches of the Proterozoic. Red microbial pinnacle mats 
which are rich in 2-methyl bacteriohopanepolyols, an 
important microbial biomarker, occupy the sediment-water 
interface in the sunlit upper basin of the sinkhole. We isolated 
a dominant member of the pinnacle mat, a red cyanobacterium, 
which is capable of primary productivity by anoxygenic 
photosynthesis and also produces 2Me-BHPs. in situ analyses 
indicate the isolate is capable of performing anoxygenic 
photosynthesis in the pinnacle mats. Physiological 
characterization suggests the isolate is poised to rapidly switch 
between oxygenic and anoxygenic photosynthetic activity. 
Genomic sequencing provides insight into the genetic 
machinery underlying this physiology which is not well-
characterized in cyanobacteria, as well as the synthesis of 
2Me-BHPs. We discuss the role of this metabolic versatility in 
situ and as a mechanism that could have stabilized the low-
oxygen Proterozoic world in the presence of oxygenic 
phototrophs. photosynthetic activity of the isolate (B). DCMU, 
3-(3,4-dichlorophenyl)-1,1-dimethylurea. 

Figure 1. Little Salt Spring cyanobacterium in axenic culture 
(A), and anoxygenic photosynthetic activity of the isolate (B). 
DCMU, 3-(3,4-dichlorophenyl)-1,1-dimethylurea. 
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Radiogenic isotopes are widely used to investigate crustal 

evolutionary processes, however recent claims of Nd and Sr 
isotope disequilibrium during anatexis question the reliability 
of such information. To test Nd isotope equilibrium during 
metamorphism, we have conducted an in situ Sm-Nd isotope 
study (by LA MC-ICP-MS) of apatite, allanite, titanite, 
xenotime and monazite in metasedimentary rocks of different 
metamorphic grade. Our study site is the Mount Lofty Ranges, 
South Australia, which represents a well-characterized 
Cambro-Ordovician LP/HT metasedimentary sequence, with 
metamorphic conditions ranging from ~350˚C to partial 
melting (~700˚C) at ~0.4 GPa. 

Our results show that apatite retains an original, probably 
detrital, highly variable Nd isotopic signature until at least 500 
˚C before being isotopically homogenized, irrespective of 
textural context within the rock. Once equilibrated, apatite 
retains its Nd isotope signature throughout anatexis. In 
contrast, allanite and titanite are equilibrated at temperatures as 
low as 350 to 400 ˚C. REE-rich accessory minerals in high-
grade rocks (~600 ˚C) show very similar initial εNd values at 
the time of metamorphism. We conclude that under these 
metamorphic conditions Nd isotope disequilibrium between 
crustal melts and metasedimentary sources is unlikely. Intra-
grain Nd isotope zoning of monazite indicates that partial 
melting was open system, involving the injection of externally-
derived melt into migmatites. This process, likely to be 
common in anatectic terranes but not always obvious at hand-
specimen scale or from bulk rock geochemical data, can 
produce isotope variation that could potentially be 
misinterpreted as disequilibrium between the melt and its 
protolith. 
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The accumulation periods in Lunnan area are multi-periods 

and the hydrocarbon accumulation had gone through 
transformation and adjustment，therefore biomarker migration 
parameters are hard to be applied to indicate the direction of 
hydrocarbon migration. According to geological research, 
Caohu sag in the east and Manjiaer sag in the south are all may 
be the oil source area. But judging from the present oil and gas 
discovery，the hydrocarbon accumulation is limited in eastern 
slope closing to Caohu sag, however, abundant in inside buried 
hill slope closing to Manjiaer sag. According to analyzing the 
hydrocarbon physicochemical properties and accumulation 
periods, we can draw a conclusion that there has experienced 
low density and high maturity oil migration phase in Lunnan 
area. And there are the faults which can communicate 
Ordovician with Triassic in inside buried hill slope in the 
south, so the low density oil from sag can accumulate in 
Triassic of this region during later migration, which indicates 
that oil and gas in Lunnan area should be mainly come from 
the southern Manjiaer sag. According to the principle of fluid 
potential, subsurface fluid will flow from the low potential area 
to high potential area, buried hill zone is the regional tectonic 
high spot of the area, and the fluid potential is the lowest, so 
the general direction of the oil and gas migration in Lunnan 
area is from south to north. 
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The high pour-point oil whose wax content is higher is 

widespread in Lunnan area, which has close relationship with 
the save after accumulation. According to the study of 
petroleum geochemistry, normal alkanes is a kind of 
components easy to be degradated and can be destroyed 
completely under light biodegradable. The damage during late 
Carboniferous and Permian in Lunnan area is so strong that 
there appeared 25-norhopane which indicates strong 
biodegradation, so this kind of oil can't form at that time. After 
the late accumulation during Cretaceous, the structure tilted 
effect happened during the Himalayan led to some fractures. 
But the tectonic stress concentration area is not in buried hill 
area, so the damage to buried hill area is not very serious. And 
the overlying Ordovician and Carboniferous is thicker, so it 
has a good protection effect for the oil accumulation. The loss 
of part of the light components led to the increases of paraffin 
content in crude oil relatively, but due to good preservation 
conditions, the density of high pour-point oil is generally 
intermediate. And because hydrocarbon is difficult to migrate 
vertically and accumulate in Triassic due to the fracture in 
Triassic not development, the high pour-point oil is mainly 
distributing in the Ordovician and Carboniferous. 
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The mechanisms of Ar release from K-feldspar (Kfs) 
during its geological history and in laboratory experiments are 
assessed here. Modern petrology clearly established that the 
chemical and isotopic record of minerals is normally 
dominated by aqueous recrystallization [1]. Indeed, electron 
microprobe analyses document Ba-rich Kfs veinlets in many 
Kfs [2], hard evidence of external fluid ingress.  

Understanding the laboratory degassing is trickier, and 
exporting it to natural conditions leads to paradoxes. The very 
existence of staircase-shaped age spectra is often misin-
terpreted. The only attempt so far to stepheat minerals with 
bona fide concentric age gradients gave plateaus, not staircases 
[3]. Instead, correlating step ages with Ca/Cl/K fingerprints 
provided by Ar isotope systematics [4] finds that staircases 
require heterochemical, diachronous phase mixtures. 

Testable geological predictions obtained by extrapolating 
laboratory degassing rates often overestimate observed geolo-
gical Ar mobility substantially. Why? Furnace degassing 
proceeds from structural rearrangements and phase transitions 
such as observed in situ at high T in Na and Pb feldspars [5]. 
These effects violate the mathematics of an inert Fick’s Law 
matrix and preclude downslope extrapolation. The similar 
upward-concave, non-linear Arrhenius trajectories of many 
silicates, hydrous and anhydrous, are likely common manifes-
tations of similar effects in other silicate structures. This is 
made worse by the ubiquitous 1-2% Ar release from non-Kfs 
intergrowths (sericite, clays) [6], which distort the low-T 
Arrhenius slope and make extrapolations even less accurate. 

Volume diffusion plays a subordinate role both in natural 
Kfs samples and especially in the laboratory outgassing. The 
Ar budget of geological Kfs samples is not a unique function 
of T, as recrystallisation promoted by aqueous fluids is the 
predominant mechanism controlling isotope transport. K-
feldspar should therefore be viewed as a hygrochronometer.  

 
[1] Geochim Cosmochim Acta 47 (1983) 1681 [2] Geochim 
Cosmochim Acta 101 (2013) 24 [3] Geology 22 (1994) 55 [4] 
EOS 46 (1965) 125 [5] Geochim Cosmochim Acta 112 (2013) 
251 [6] Geol Soc London Spec Pub doi: 10.1144/SP378.4. 
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Molar tooth structures are globally distributed carbonate 

features that are largely restricted to Mesoproterozoic and 
Neoproterozoic shallow-water, marine successions. The term 
“molar tooth” encompasses a range of sheet- and bleb-like 
microcrystalline calcite structures hosted in fine-grained, 
shallow-water shelf carbonates. The temporal restriction of 
these enigmatic structures suggests a relationship to seawater 
evolution in the Proterozoic. Several mechanisms of formation 
have been proposed, including seismic shaking, calcite 
replacement of algal structures, CO2 clathrate destabilization, 
and biogenic precipitation. Most researchers agree that both 
the dolomitization of the host rock and the precipitation of the 
infilling calcite occurred very early in diagenesis, based in part 
on the presence of lag deposits directly above molar tooth 
horizons that contain rip-up clasts of both the dolomite and 
calcite. The most widely inferred mechanism is gas expansion 
cracking, though the exact mechanism for expansion and type 
of gas responsible is still unresolved. The lack of isotopically 
light carbonate-carbon in the infilling calcite has steered the 
argument away from methane, suggesting that the calcite 
precipitated from the same DIC pool as the host rock. Our 
study aims to revisit the influence of methane on these 
structures in light of emerging models suggesting low sulfate 
and oxygen in the Proterozoic oceans that may have favored 
broadly methanic conditions. Low sulfate is further indicated 
by the general paucity of pyrite despite ample Fe. Capturing 
the isotopic signature of crack-forming methane would prove 
difficult if oxygen and sulfate were too low to support 
appreciable anaerobic and aeroboic oxidation, respectively, 
leading to rapid gas escape into the overlying water column. 
The overarching goal of this study is to bridge the debate about 
enigmatic molar tooth structures with the latest developments 
in understanding Proterozoic ocean-atmosphere chemistry. 
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Serratia sp. bacterium produces amorphous calcium 

phosphate (BHAP), with a larger specific surface area and a 
more reactive surface compared to synthetically produced 
hydroxyapatite [1]. Previous research has shown that BHAP 
can remediate up to 10 times more Sr2+ and Co2+ from waters 
than commercially available hydroxyapatite [2].  

Serratia sp. is unusual in that it contains high levels of an 
atypical phosphatase enzyme located in the bacterial 
periplasmic space, attached to organic extracellular polymeric 
substance (EPS) and free in solution; this enzyme cleaves 
glycerol-2-phosphate (G2P), liberating inorganic phosphate for 
BHAP formation [2-4]. Evidence suggests that the growth of 
BHAP is controlled within spatial localisation of the biological 
space and in close proximity to cells [2-4]. Images from 
transmission electron microscopy and atomic force microscopy 
show a network around the bacteria, consisting of EPS 
template and BHAP. Once fully loaded with BHAP, long 
needle shaped crystals appear to be broken away from the 
microbial surface. 

Small angle neutron scattering (SANS) was carried out to 
examine size, shape, internal structure and spatial arrangement 
of bio-nanomaterial growth over time. Preliminary data of 
BHAP saturated bacteria showed fractal cluster models (eg, 
primary radii <10 Å, fractal dimensions around 2.7-2.8 and 
final cluster sizes between 150-350 Å).  
 
[1] Oelkers and Montel. Elements 2008, 4, 113-116. [2] 
Handley-Sidhu et al (2011) Environ. Sci. Technol. 45, 6985-
6990. [3] Askarieh et al (2000) Waste Management 20, 93-
106. [4] Handley-Sidhu et al (2011) Biotechnol. Lett. 2011, 33, 
79-87. 
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Linear compositional profiles in zoned garnet from 

peridotite xenoliths (Wesselton Pipe, South Africa) have been 
investigated using both electronprobe microanalysis (EPMA) 
and NanoSIMS. Elemental mapping showed that the crystals 
are enriched in Na, Ca, Ti, Cr and Fe and depleted in Al and 
Mg in the rim relative to the core. The garnet equilbrated at 
1120 °C and 4.6 GPa, with ΔlogfO2

[FMQ] varying from -2.4 in 
the core to -1.0 in the rim (Berry et al. 2013, Geology v.41, 
p.683). NanoSIMS allowed for higher spatial resolution 
measurement of the profile (800 nm spot size relative to 3-4 
µm excitation volume for EPMA) and showed that EPMA 
consistently overestimated the length of the profile. 

The profiles were modelled as a diffusion process by  
fitting to a solution of Fick’s second law, with published 
diffusivity values used to determine the time taken for Ca, Fe 
and Mn to reach the observed state of frozen disequilibrium. 
Estimates of the time were 2 – 10 years based on Ca, whilst 
Mn and Fe were less than 100 days. 

The timeframe obtained from Ca was then used to 
determine the relative diffusion coefficients of Na, Ti, Fe, Cr, 
Mn and Y. Diffusivities relative to Ca (log D = -20.45 m2s-1) 
vary from 0.5 m2s-1 (Fe, Mn) to 0.1 m2s-1 (Na, Cr) to  -0.2 m2s-1 
(Ti, Y). Thus the fastest diffusing elements are Fe and Mn, 
followed by Ca, Na and Cr and the slowest are Y and Ti. This 
represents the first determination of diffusion coefficients for 
Na, Cr, Ti and Y (relative to Ca) in garnet from peridotites in 
the upper mantle. 

This timeframe is extremely short in geological terms. The 
survival of this compositional zoning, indicates that the 
metasomatic event responsible occurred almost 
instantaneously before entrainment in the erupting kimberlite 
magma and quenching at the surface.  
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Timing of hydrocarbon maturation, expulsion and 
migration is vital for exploration. Re-Os goechronology of 
source rocks, yielding the time of deposition, is a proven 
technology. Here we document ages for deposition of source 
rocks, hydrocarbon-impregnated shales, oil from two carbonate 
reservoirs, and bitumen in limestone open space, all 
components of the same system. These ages track a consistent 
progression in the history of the hydrocarbon system. 

The age of the stratigraphic section on the Iblean Plateau, 
Sicily, is constrained biostratigraphically from Norian (Sciacca 
Formation), through Rhaetian (Noto Formation), to Hettangian 
(Streppenosa Formation), stradling the Triassic-Jurassic 
boundary. A Re-Os isochron for the Hettangian Streppenosa 
shales yields a precise age of 201 Ma, at the mid-point of the 2 
m.y.-long Hettangian stage.   

Underlying organic-rich Rhaetian Noto shales are 
intercalated with carbonates. The shale is a known source rock, 
and a horizon in the carbonates is a productive reservoir.  The 
shale yields Re-Os data scattering about a ~65 Ma errorchron. 
Despite the scatter, the approximate age is indisputable; 
analyses of sub-samples from different stratigraphic levels 
consistently yield the same ~ 65 Ma age, far younger than the 
known ~205 Ma biostratigraphic age. Oils from both Noto and 
Sciacca reservoirs yield a 67 Ma isochron, identical to that of 
shale, within uncertainty. 

Lastly, bitumen-filled vugs and fractures in dolomite 
intercalated with shale yield a well-defined 46 Ma isochron, 
consistent with the most recent tectonism in the region. 

Together, these data define a complete history: (1) Late 
Triassic to Early Jurassic deposition of both source and 
reservoir rocks, (2) maturation and migration of oils at ~65 
Ma, and (3) a second stage of hydrocarbon generation during 
~46 Ma tectonic activity. The internally consistent Re-Os 
results fit known biostratigraphic constraints and regional 
tectonic evolution for this productive hydrocarbon system. 
 
Study initiated by Eni-Milano, supported by Eni-Norge. 
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Microorganisms have been repeatedly discovered in 
environments that do not support their metabolic activity. In a 
striking example of this, Arctic marine sediments receive a 
supply of endospores of thermophilic sulfate-reducing bacteria 
in excess of 108 cells m-2 y-1. This flux into a permanently cold 
habitat implies passive dispersal of endospores from a warm 
anoxic environment, and potentially long-term survival during 
transport. Endospores are well suited for this compared to 
other organisms, and the large numbers of these and related 
thermophilic Clostridiales discovered in cold sediments from 
around the world present a model for undestanding survival 
and dispersal. Furthermore, the genomics and physiology of 
thermophilic endospores could shed light on the 
biogeochemistry and functional diversity of distant and 
possibly ancient environments. These kinds of research 
questions can be accessed through endospore germination 
experiments, which have revealed multiple lineages of 
anaerobic thermophiles that are rapidly enriched when 
sediments are incubated at high temperature (50-70°C growth 
range). Different pheno- and phylotypes of thermophilic 
endospores also display variable biogeography in the cold 
ocean, hinting at a diversity of dispersal histories. Endospore-
forming Firmicutes are commonly detected in the ‘deep 
biosphere’, and consistent with this, genomics of the 
thermophilic endspores in cold sediments point to closest 
relatives coming from deep petroleum bearing sediments or 
deep sea mid ocean ridge habitats. Biogeography combined 
with genomics therefore enables endospore biomarkers to shed 
new light on far away extreme environments that are often 
challenging to visit or sample, suggesting a new role for 
endospores as bioproxies for understanding past and present 
life in the deep subsurface. 
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The measurement of diffuse soil CO2 flux has been utilized 

as a tracer to identify geothermal areas and/or zones of upflow 
within geothermal systems.  While these investigations have 
utility in fields with high diffuse soil CO2 flux, many 
geothermal systems have low permeability zones which can 
mask the efflux from a geothermal feature at depth. Isotopic 
measurements have been shown to be a powerful tool to 
apportion the diffuse soil gas flux associated with volcanic 
systems.  Here we evaluate paired diffuse soil gas flux and 
isotopic investigations in high (Taupo Volcanic Zone, NZ) and 
low (Alpine Fault, NZ) enthalpy geothermal systems to 
identify and apportion geothermal additions. We found that 
CO2 flux in isolation is often insufficient to identify 
geothermal activity in low flux areas due to the presence of 
biogenic soil gas flux.  Despite this, paired isotopic and flux 
analyses are able to discriminate between end-member 
additions at very low fluxes (<10 gm-2day-1).  This allows the 
identification of up-flow areas regardless of the prevalence of 
very low fluxes (some high enthalpy fields have a maximum 
diffuse gas flux of 217 gCO2m-2day-1).   Additionally, isotopic 
investigations can allow the apportionment of CO2 flux 
amongst end-member compositions.  In low enthalpy systems, 
areas of geothermal upwelling can be identified by coupled 
isotopic and flux investigations; however, the end-member 
composition is not well constrained and, as such, 
apportionment is more difficult.  These findings put forth that 
paired isotopic and soil gas flux investigations are useful in the 
identification and analysis of geothermal systems. 
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It is widely recognized that the Archean atmosphere was 
anoxic with a partial pressure of H2(g) in the range 10-6 - 10-3 
bars and CO2(g) 10-2.5 - 10-1.5 bars [1]. The existence of detrital 
minerals like siderite (FeCO3) and pyrite (FeS2) in Archean 
sedimentary rocks [2] also suggests similar atmospheric 
characteristics [3]. However, quantification of weathering 
processes involving the proposed anoxic atmosphere are 
needed to assess which minerals might form and the resulting 
water chemistry. Here, models were constructed to simulate 
rainwater and weathering processes at 25 °C, 1 atm under 
present-day and Archean atmospheric conditions. The 
simulations for the present-day used world-average rainwater 
resulting in the expected weathering products, including 
hematite, smectite and chalcedony, with calcite and sepiolite at 
large extents of reaction, and waters dominated by Na+-Ca2+-
Mg2+-SiO2-HCO3

--Cl--SO4
2- species. For the simulation of 

Archean rainwater, we varied the levels of pH2,g over a wide 
range of pCO2,g values. At the highest H2 levels suggested by 
atmospheric models, the predicted aqueous carbon-species in 
rainwater are dominated by dissolved hydrocarbons. This 
result suggests that a more realistic upper limit on the pH2,g 
would be about 10-4.0 - 10-3.5 bars. A lower limit of 10-6 bars, 
with pCO2,g = 10-2 bars, from the atmospheric models is 
consistent with siderite stability relative to magnetite. To 
simulate weathering, we assumed pH2,g = 10-5 bars, pCO2,g = 
10-2 bars. In contrast to the present-day results, the weathering 
products included pyrrhotite and siderite, along with smectite, 
chalcedony, calcite and sepiolite. Pyrrhotite formed because 
we permitted the model aqueous solutions to become 
supersaturated with respect to pyrite. The waters were again 
dominated by Na+-Ca2+-Mg2+-SiO2-HCO3

--Cl-, but had highly 
variable amounts of Fe2+ and HS-, and trace amounts of 
dissolved N were present as NH4

+. Our models predict that 
Fe(II) minerals such as pyrite or siderite would either form or 
persist during weathering, indicating that the proposed H2-
bearing atmosphere is consistent with the detrital mineral 
records. Linking the atmospheric models with weathering 
processes also leads to a more complete picture of riverine 
input to the Archean oceans involving reduced Fe, S and N 
species. 

 
[1] Catling & Claire (2005), Earth Planet. Sci. Lett. 237, 1-20. 
[2] Rasmussen & Buick (1999), Geology 27, 115-118. [3] 
Sverjensky & Lee (2010), Elements 6, 31-36.  
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Silicates represent a considerable technological and 

scientific issue from geology to nanomaterials. Among them 
zeolites are an essential societal issue, impacting about 20% or 
the mondial economy, directly or indirectly. Formation of 
nanoporous or dense silicates phases undergoes different 
chemical or physical states, and are of utmost importance. 
NMR is a spectroscopic method allowing to assess at a very 
local scale, chemical or physical state of matter, structure of 
liquids or of crystalline or amorphous solids and allows to 
investigate crystalization processes in an unique way. 

Nucleation, growth of crystals are challenging issues to 
understand most of geochemical, chemical or crystallogenesis 
formation of solids from the speciation of molecular state in 
liquids. NMR can access to structural, topological aspects of 
crystals, without the constraints of periodic boudaries 
conditions, liquids an solids state stuctural organization. This 
represents a unique way to access analytical, speciation or 
molecular formation of crystals. 

NMR represents a unique way to link the differents stages 
of organization from oligomerization to crystal formation. In-
situ, ex-situ NMR characterization bring structural and 
dynamical organization of density flucutuations. 

As an archetype of silicate chemistry, zeolites formation 
will be reformulated. Elementary condensation steps will be 
identified and distinguished carefully, avoiding technical 
jargon, and favouring phsyco-chemical general concepts. 

As NMR can access solid state, crystalline or amorphous 
order, from oligomerization to nanoaggregation and crystalline 
order, an unified  view of the successive condensation 
elementary steps of silicates formation will be presented. Such 
a enumeration of the progressive organization of condensed 
matter from silicic acid to the most complex zeolites may give 
rise to enumerate many different processes with a common 
knowledge and language between vastly different scientific 
and technological disciplins. 
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The origin of the Ediacaran Shuram negative carbonate-
carbon isotope (δ13Ccarb) excursion (<-10 ‰) remains hotly 
debated due to its large magnitude and variability in the 
absence of a coupled excursion in organic carbon (δ13Corg). 
Here we present the first measurements of carbonate iodine-to-
calcium ratios (I/Ca) across this δ13Ccarb excursion, providing 
evidence for an oxidation event and against a diagenetic 
origin1. The oxidized iodine species, iodate, is restricted to 
oxic waters and is the exclusive iodine species incorporated 
during carbonate precipitation2, meaning changes in I/Ca can 
record relative fluctuations in dissolved O2 concentrations. 
Further, controls on the total marine iodine reservoir, and 
hence I/Ca, include the burial and remineralization of organic 
matter (OM), iodine’s biggest sink2. I/Ca within the Khufai of 
Oman and Doushantuo of South China both increase distinctly 
in phase with the shift to negative δ13Ccarb values. Our studies 
of diagenetic alterations to primary I/Ca ratios of modern and 
recent carbonates reveal that, if anything, primary I/Ca ratios 
decrease during carbonate diagenesis. The globally extensive 
increase in I/Ca is best explained by an increase in the total 
marine iodine reservoir linked to an oxidation event promoting 
enhanced OM remineralization, thus supporting previous 
models for the magnitude of the δ13Ccarb excursion and lack of 
coupled δ13Corg behavior as a result of oxidation of a fossil 
organic source3. However, a decrease in pre-Shuram I/Ca 
values at the end of the δ13Ccarb excursion infers a return to 
reducing conditions, suggesting that the Shuram does not 
represent a terminal oxidation event. 
 
[1] Schrag, Higgins, Macdonald & Johnston (2013), Science 
339, 540-543 [2] Lu, Jenkyns & Rickaby (2010), Geology 38, 
1107-1110 [3] Fike, Grotzinger, Pratt & Summons (2006), 
Nature 444, 744-747 
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The rapid growth of the oil sand industry in Alberta, 

Canada has triggered an intensive environmental debate on the 
source and fate of contaminants associated with the oil (tar) 
sand operations. As part of the oil sand operations, a large 
volume (~840x106 m3) of oil sand process-affected water 
(OSPW) is generated and stored in oil sand tailing ponds. [1] 
The seepage and migration of OSPW into the underlying 
aquifer is a potential long-term risk for oil sand operations. 
The objective of this study is to establish distinctive 
geochemical monitoring tools for tracing the migration of 
OSPW to aquifers near oil sand tailing ponds. The 
geochemical and isotopic variations of dissolved boron, 
strontium and lithium were measured in groundwater 
underlying the South Tailing Pond site in Alberta, Canada. The 
shallow groundwater is characterized by statistically higher 
salinity (TDS ~2250 mg/L), boron (3508 ppb), and lithium 
(232 ppb) relative to the underlying deep groundwater (mean 
values of 491 mg/L, 170 mg/L, and 36mg/L, respectively). 
d11B and d7Li of the boron- and lithium-rich groundwater 
(+25± 1‰ and +18.7±2‰, respectively) were both 
significantly distinct from those of the deep groundwater 
(+9.5‰±5‰,  and +11‰±0.9‰,). These results are consistent 
with independent OSPW measurements (d11B=24±2‰; 
d7Li=15.6±0.5‰). The distinctive boron and lithium isotopic 
ratios of the OSPW imply a new sensitive tool to monitor and 
quantify OSPW migration and contamination of regional 
groundwater. 
 
[1] Holden, Donahue & Ulrich (2011), J. Contaminant 
Hydrology 119, 55-68. 
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Emission control policies and techologies in the USA have 

been successful at reducing tailpipe emissions of gaseous 
pollutants from gasoline-powered motor vehicles. Similar 
policies for controlling diesel exhaust emissions have, until 
recently, focused on primary particulate matter emisions and 
have progressed more slowly. In this study, a new on-road 
motor vehicle emission inventory for carbon dioxide (CO2) 
emissions, at 1-km spatial resolution, is used as the basis for 
mapping emissions of other pollutants such as black carbon 
(BC) and primary organic aerosol (OA). Emissions are mapped 
for U.S. urban areas, separately for gasoline and diesel-
powered vehicles, in order to reflect differences in emission 
profiles and spatial and temporal distributions of emissions for 
these two engine types. High-resolution CO2 emission maps 
are combined with gas and particle-phase emission factors 
derived from on-road measurement studies conducted in 
highway tunnels.  To assess how emissions have evolved in 
space and time, emissions are mapped for the Los Angeles area 
in 1990, 2000, and 2010. Emission changes are compared with 
concentration trends measured in ambient air. We conclude 
that ambient reductions in BC are larger, and ambient OA 
reductions smaller, than can be explained by changes in 
emissions of BC from diesel and VOC from gasoline engines, 
respectively, over a twenty-year time period. At finer time 
scales, ambient BC concentrations in urban areas exhibit a 
clear midday peak, indicating a strong link to diesel engine 
emissions which peak at the same time of day. We also 
compared our maps of pollutant emissions to estimates of road 
transport emissions from the EDGAR model at 0.1 × 0.1 
degree (~10 km) resolution. EDGAR tends to overestimate 
road transport emissions in cities, and understates emissions 
from highway vehicles in rural areas. 
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Magnetite-apatite ore bodies of the Kiruna type occur 

worldwide and are associated with volcanic rocks, which 
suggests that they represent highly evolved, late-stage, igneous 
melts/bodies, associated with volcanism, either as surface lavas 
or as shallow intrusions, with a later metasomatic component. 
However opinion varies with regard to this origin with a 
sedimentary origin suggested for some ore bodies (e.g. see 
discussion in Naslund et al., 2002, Porter, T.M., ed., 
Hydrothermal Iron Oxide Copper-Gold & Related Deposits: A 
Global Perspective, volume 2, PGC Publishing, Adelaide, pp. 
207–226). Notable examples of Kiruna type magnetite-
fluorapatite ore bodies include the Kiirunavaara ore body, 
northern Sweden (Harlov et al., 2002a, Chem. Geol., 191, 47–
72); the Mineville ore body, Adirondacks, New York, USA 
(McKeown and Klemc, 1956, U.S. Geol Sur Bull (1956), pp. 
9–23); the Pea Ridge ore body, Arkansas, USA (Kerr, 1998, 
MS Thesis, University of Windsor, 113 pp); a series of ore 
bodies from the Bafq Region, central Iran (Torab and 
Lehmann, 2007, Mineral. Mag., 71, 347–363); and a series of 
ore bodies associated with volcanic activity in the Plio-
Pleistocene Chilean High Andes and the Cretaceous Coastal 
Andean Cordillera (Naslund et al., 2002).   

In each of these ore bodies (except the last example) 
monazite +/- xenotime inclusions are commonly found in areas 
of the fluorapatite, which have experienced obvious fluid-
induced alteration in the form of (Y+REE) + Na + Si + Cl 
depletion (e.g. Kiirunavaara, northern Sweden; Harlov et al., 
2002a) with the fluorapatite serving as the source of P + 
(Y+REE). Formation of monazite and xenotime inclusions in 
fluorapatite has experimentally been demonstrated to result 
from fluid aided coupled-dissolution-reprecipitation processes 
(Harlov et al., 2005, Contrib. Mineral. Petrol. 150, 268-286). 
Fluid sources could range from 800–900 °C, residual acidic 
(HCl, H2SO4) grain boundary fluids remaining after the last 
stages of ore body crystallization to later stage, cooler (H2O-
CO2-(Na,K)Cl) fluids originating in the surrounding country 
rock or fluids associated with events such as regional 
albitization or actinolization. Re-integrating (Y+REE)PO4 
inclusions back into the fluorapatite indicate original 
(Y+REE)2O3 contents ranging from 3 – 5 wt% suggesting that 
in addition to being mined for their iron ore,  the fluorapatite in 
these ores could be mined for (Y+REE) as well.   
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Sulfur isotopes (32S, 33S, 34S, 36S) have proven to be a 
powerful tool for uncovering details of Earth’s past surface 
conditions, as well as the nature of early microbial 
communities. For instance, the termination of mass-
independently fractionated (MIF) sulfur at ~3.2 Ga is widely 
regarded as evidence for the oxygenation of Earth’s 
atmosphere. Similarly, numerous sulfur isotope studies of 
~3.47 Ga rocks from the Pilbara Craton offer compelling 
evidence that sulfur metabolizing microbes were active by that 
time. It is sensible, then, to expand the search for 
environmental changes and microbial activity – using sulfur 
isotopes as a proxy – even earlier into Earth’s history. 
However, well-preserved Eoarchean (4.0-3.6 Ga) rocks are 
rare, and the existing S-isotope record from that era is similarly 
scarce. Here we present bulk-rock δ34S, Δ33S and Δ36S 
measurements from an ~80m core of minimally-altered, >3.7 
Ga metasediments from the Isua Supracrustal Belt, SW 
Greenland. Some of the most striking results are found in 
Δ36S/Δ33S plots, where two discrete clusters of data are found: 
one cluster that lies on a slope of -1, and another at -5. Some of 
the Δ36S values (-7‰) are among the lowest values measured 
in the Archean. Oscillations between these bizarre Δ36S/Δ33S 
values are observed, and point to broad swings between at least 
two stable atmospheric/oceanic modes. Conversely, δ34S 
values are as negative as -6.3‰ (diverging from the Archean 
array by ~8‰), and only serve as ambiguous evidence for 
microbial processing. In total, our sulfur isotope data portray 
the Eoarchean as a period of volatile atmospheric and oceanic 
changes, establishing a context under which some of Earth’s 
earliest life-forms may have evolved. 
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Gypsum precipitation experiments were conducted in the 

presence of S oxidizing microbes in order to determine the 
existence of a biological Ca isotopic signature. Results 
indicated that the presence of microbes retards precipitation 
rate relative to an abiotic negative control, and that the δ44/42Ca 
of the biotic crystals were ~0.4‰ lighter than the control 
crystals. The observed behaviour may be explained by the 
inhibition of gypsum growth by organic molecules produced 
during cellular metabolism and growth. To explore this 
hypothesis, abiotic gypsum precipitation experiments were 
carried out in the presence of the amino acids glycine, and the 
D and L enantiomers of arginine, and compared to a previous 
abiotic study [1]. Precipitation rates were inhibited by glycine, 
L-arginine, and D-arginine by 56, 38, and 30%, respectively, 
relative to a control. Nucleation rates were inhibited by glycine 
and D-arginine by 41 and 36%, respectively, but were 
accelerated by L-arginine by 34%. Inhibition in both 
nucleation and precipitation rates suggests that amino acids 
retard growth by adsorption onto active surface sites [2] as 
well as the complexation of free Ca2+ in solution prior to 
nucleation. The creation of a complexed Ca reservoir has been 
hypothesized to produce a detectable isotopic effect (~0.3‰) 
in the precipitates [1], and could thus be a viable mechanism 
for biologically induced isotopic fractionation. The opposing 
effects of D and L arginine on nucleation suggest that if such 
an isotope effect exists, it could be chiral specific. 
 
[1] Harouaka, Eisenhauer, Fantle (2013) GCA doi 
10.1016/j.gca.2013.12.004  [2] Hamdona, Hadad (2008) 
Desalination 228 277-286 
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Stable boron isotope (δ11B) and boron concentration 
(B/Ca) proxies in planktic foraminifera shells are strongly 
influenced by seawater pH, borate ion concentration, and 
bicarbonate ion concentration, which are, in turn, related to 
pCO2. We can apply these boron-based proxies to fossil shells 
of planktic foraminifera in order to estimate the pH and 
carbonate chemistry of the upper oceans in the past. The 
Paleocene-Eocene Thermal Maximum (PETM; 56Ma), an 
abrupt global warming event in which ~5,000Pg of carbon was 
released into the atmosphere causing a drop in ocean surface 
pH, a large δ13C excursion and seafloor carbonate dissolution, 
occurred during a longer-term warming trend beginning in the 
Late Paleocene and continuing into the Early Eocene (LPEE; 
53-59Ma). Using boron-based proxies in planktic foraminifera, 
a surface ocean pH decrease of ~0.3 units has been estimated 
for the PETM [1]. In order to place this event in the context of 
long-term ocean pH change, here we extend the record across 
the LPEE at Site 1209. 20kyr resolution B/Ca and 200kyr 
resolution δ11B measurements are applied to three species of 
planktic foraminifera across the LPEE, in conjunction with 10-
20kyr resolution δ13C and δ18O measurements. We observe a 
~25% decrease in B/Ca of surface-dwellers across the LPEE, 
reflecting either a rise in pCO2 or a decrease in seawater [B]. 
Boron isotope data are consistent with the higher resolution 
B/Ca data. Low-amplitude B/Ca eccentricity cycles (400kyr as 
inferred from δ13C) are also apparent due to the effect of 
orbital forcing on carbon cycle feedbacks in the Eastern 
Pacific. B/Ca variations (~10%) on 400kyr timescales 
correspond to a pH change of <0.1 units. The amplitude of 
both the long- and short-term B/Ca variability is smaller in the 
thermocline-dwelling species compared with the surface-
dwellers, indicating that the pH gradient of the upper ocean is 
changing during the LPEE.  Replication of the Eastern Pacific 
record in the South Atlantic shows consistent results. Both 
records are consistent with expected changes in pCO2 and pH 
inferred from δ13C and CCD shifts. 

 
[1] Penman et al 2014. Manuscript in review. 
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The Northwestern Hawaiian Ridge (NHR) is the ~2800 

kilometer long track of seamounts, small islands, and atolls 
erupted from the Hawaiian mantle plume between the 
Hawaiian Islands and the bend in the Hawaiian-Emperor 
hotspot track spanning roughly 40 million years. 
Geochemically this region is largely unstudied, which is 
surprising considering the opportunity to examine the long-
term evolution of a mantle plume over a period of time where 
significant changes have taken place in: tectonics (the bend in 
the Emperor-Hawaiian seamount chain [1]); geochemistry (the 
emergence of the Loa geochemical trend somewhere along the 
Hawaiian Ridge [2]); and plume flux (a 300% increase over 
the last 40 million years [3]). 

We analyzed 21 samples of shield (7), post-shield (10) and 
rejuvenated lavas (4) from 9 different NHR volcanoes for 
major and trace element concentrations and Pb-Hf-Nd-Sr 
isotopic compositions. For shield lavas, 206Pb/204Pb ranges from 
17.874 for Daikakuji seamount to 18.551 at Gardner. The Pb 
isotopic characteristics of Daikakuji shield lavas are 
comparable to those of Lanai, a Loa-trend volcano. Daikakuji 
also has higher SiO2 (~51 wt %), Sr/Nb (22.4-30.3), La/Nb 
(1.0-1.1) as is typical of Loa-trend volcanoes, but with Zr/Nb 
(10.9-12.5) within the range of Mauna Kea values (10-13). 
Conversely, Gardner volcano has 87Sr/86Sr ~0.70351, εNd ~7.7, 
εHf ~13.6, and a Zr/Nb less than 14.  

The range in 206Pb/204Pb of post-shield lavas is from 17.830 
on Daikakuji to 18.554 for Academician Berg and all, 
excepting Daikakuji, plot within the Kea field in a Pb-Pb 
diagram, comparable to recent (<5 Ma) post-shield lavas 
within the Hawaiian Islands (except Mahukona). 

In this study, Pb-Hf-Nd-Sr isotopes and elemental 
concentrations suggest the presence of Loa enriched signature 
as early as ~45 Ma at Daikakuji seamount [4]. We have 
obtained ~50 samples of NHR volcanoes whose future analysis 
may unearth some additional insights into the origin of Loa-
type volcanism and Hawaiian mantle plume dynamics over 
extended periods of time. 
[1] Sharpe and Clague (2006) Science, 313, 1281-1284. [2] 
Garcia et al (in press) GSA Special Volume on Large Igneous 
Provinces. [3] Vidal and Bonneville (2004) J. Geophys. Res. 
109, B03104. [4] O’Connor et al (2013)  
Geochem.Geophys. Geosyst. 14 (10), 4564-4584.  
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Detrital zircons as old as nearly 4.4 Ga offer insights into 
the earliest moments of Earth history. We interpret results of 
geochemical investigations of these zircons to indicate their 
formation in near-H2O saturated meta- and peraluminous 
magmas under a low (~25°C/km) geotherm beginning by ca. 
4.4 Ga. Alternate views, such as their growth in melts derived 
from mafic crust, invariably focus on the subset of 
geochemical constraints that are consistent with that 
interpretation while ignoring those that are contradictory (e.g., 
inclusion assemblages, Txlln). In pursuing a petrotectonic model 
that explains the full spectrum of Hadean zircon features, it is 
important to note that they are unlike typical Phanerozoic 
magmatic zircons (e.g., in their low Txlln and inclusion 
assemblages. However, the 20 Ma Arunachal leucogranites 
(AL) of the eastern Himalaya are a rare exception to this 
generality. They show LILE covariance trends indicative of 
wet basement melting together with a normal distribution of 
magmatic zircon crystallization temperatures about an average 
of 660±25°C. In the same fashion as Hadean zircons, AL 
zircon rims and inherited cores are dominated by an inclusion 
assemblage of muscovite + quartz and yield formation 
pressures ranging from 7-14 kbars. Their seemingly unique 
character may reflect an origin more akin to that of the Hadean 
zircons. Geochemical data coupled with geologic mapping 
indicates the source of the AL to be in the hangingwall of a 
megathrust that rapidly carried undehydrated foreland 
sediments (i.e., a source of H2O to flux hangingwall anatexis) 
to depths of ~25 km. Modeling shows the thermal structure of 
this continental collision environment to be broadly similar to 
the temperature distribution predicted for a Hadean ocean-
continent subduction zone. The similarity of these two 
environments, separated by over 4 Ga, suggests a broadly 
comparable plate boundary setting for formation of both the 
Hadean and AL zircons. A key difference is the absence of 
metaluminous magmas in the Himalayan case, due to 
intercontinental convergence. Thus Hadean underthrusting 
may have brought a co-equal mixture of continental-derived 
sediment and oceanic crust to the melting zone, producing both 
S- and I-type magmas directly from the interface between 
subducting sediment and mantle wedge. This environmental 
explains each of the myriad characteristics thus far winnowed 
from these ancient grains. 
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Soot BC is the product of incomplete combustion of 

biomass and fossil fuels. Soot BC is traditionally thought to be 
chemically non-reactive because it is highly aromatic and has a 
low O:C ratio; however, the inherent imbalance between 
sources and sinks in the global black carbon budget suggests 
soot BC in soils may be considerably more reactive than 
previously considered. Soil is a potential storage reservoir for 
soot BC especially in urban regions with significant fossil fuel 
combustion. Phoenix, AZ is  a rapidly urbanizing arid region 
with relatively low bulk soil organic carbon content; soot BC is 
a significant fraction of the soil organic matter and may play a 
major role in soil biogeochemical cycling in this region 
(Hamilton and Hartnett, 2013). Soot BC:OC ratios in soils 
from the CAP-LTER Survey 200 are as high as 30% which is 
among the highest reported in any soils. 

We investigated both photo-chemical oxidation and 
microbial degradation of soil soot BC. Soot BC was readily 
photo-oxidized by UV light in the laboratory; we observed a 
loss of ~19% of the soil soot BC over ~24h. This corresponds 
to a solar-equivalent degradation rate of 0.55 ± 0.1 g soot 
BC/kg soil/y. In mesocosm biodegradation experiments CO2 
production by soil microbes increased by 64 to 100% over 
controls, even when soot BC was the only carbon source 
present. Both photo-oxidatin and biodegradation not only 
reduce the amount of soot BC present in soils but also alter the 
chemical composition of soot BC as determined by Fourier-
Transform Infra-Red (FTIR) spectroscopy and 2D fluorescence 
analysis. Taken together, these results strongly imply that soot 
BC plays an active role in the soil biogeochemical cycling of 
this urban desert ecosystem. 
 
[1] Hamilton & Hartnett (2013) Org. Geochem. 59, 87-94. 

. 
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The magmatic processes that define the formation and 
evolution of the Earth and terrestrial planets are controlled by 
the structural and thermo-physical properties — density, 
internal energy, viscosity, thermal and chemical diffusivity — 
of multicomponent silicate melts and aspects of their 
coexistence with solid solutions — e.g., melting points and 
major and trace element partitioning — across a wide range of 
pressure (P), temperature (T), and redox conditions. These 
properties need to be accurately known and then incorporated 
in large scale numerical models of magmatic processes like 
partial melting, crystallization, and melt-crystal segregation in 
order to define pathways of planetary evolution.  

Numerical experiments based on density functional theory 
(DFT) coupled to classical molecular dynamic (MD) 
simulations have enabled, recently, considerable progress in 
such characterization of silicate melts even at extreme P, T 
conditions. However, these simulations are insufficient when 
trying to predict phase equilibria and self-consistent 
thermodynamic properties as they cannot access directly the 
Helmholtz or Gibbs free energy. They also suffer from expense 
and inherent errors due to approximations made in the DFT, 
the need for thermodynamic integration, and kinetic limitations 
associated with the motion of atoms in MD.  

For these reasons, DFT calculations have to be coupled to 
other modelling approaches to identify potential strategies to 
accurately evaluate thermo-physical properties and ultimately 
to compute equilibrium states of multicomponent-multiphase 
systems. Classical thermodynamic models based on analytical 
definition of the Helmholtz or Gibbs free energy are therefore 
an essential complement to atomic-level simulation, if the 
macroscopic models can be made sufficiently accurate through 
incorporation of microscopic information. 

In this work, we discuss in detail the importance of 
explicitly linking the internal structure and volume to the 
thermodynamic description of multicomponent silicate melts 
using a quasichemical approach. We propose self-consistent 
excess models based on DFT calculation results to incorporate 
the effect of pressure in the description of the excess Gibbs 
energy. We compare this method to existing models such as 
the stoichiometric and associated solution models and 
highlight the predictive limitations of other approaches. 
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The Harrat Rahat Volcanic Field is characterized by 
northward migration of oceanic island basalt (OIB) volcanism 
and initiation of continental rifting in the western portion of the 
Arabian plate. It contains much scoria cones, shield volcanoes 
and domes arranged in linear clusters that represent four 
centers of eruptive activity. These are not related to the NNW 
opening of the Red Sea, but represent a new N-S crustal rift 
(10 million years ago). The spatial and temporal distribution of 
basaltic lavas show the abundance of (OTB) and (AOB) lavas, 
followed by hawaiite, mugearites, benmoreites, and trachytes. 
In most of the early OTB lava flows only olivine was 
fractionated from magma prior to eruption. Major and trace 
elements data show the consistency with magma evolution 
dominated by fractional crystallization of phenocrysts phases 
with evidence of polybaric processes. However, crustal 
contamination probably played a minor role in the evolution of 
OTB, AOB and hawaiite lavas. The more evolved mugearite 
and benmoreite lavas have relatively homogenous Sr and Nd 
isotopic ratios. The most evolved trachytes have low 87Sr/86Sr 
ratios 0.704170-0.704516 (isotopic similarity with parental 
mantle), while the trachytes have very high 87Sr/86Sr ratios of 
0.707472-0.707485 (combination of fractional crystallization 
and magma mixing). The OTB, AOB and hawaiite lavas 
display chemical signatures of upwelling mantle plume or 
OIB-type source with strong enrichment in Cs, Rb, Ba, Th, U, 
K, Nb, Ta and LREE. The 87Sr/86Sr (0.702985-0.705186), 
143Nd/144Nd (0.512889-0.513033), and 206Pb/204Pb (18.525-
19.382), 207Pb/204Pb (15.521-15.739) and 208Pb/204Pb (38.064- 
39.111) ratios of basaltic rocks from the HRVF are similar to 
those of the OIB-type plume source basalts. Data indicates that 
they probably derived by mixing of: OIB-type, deep mantle 
plume source and followed by a shallow asthenosphere 
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Positive Matrix Factorization (PMF) was utilized to 

identify and quantify sources of PM2.5 in central Los Angeles 
(LA) and Rubidoux, using the Speciation Trends Network 
(STN) data, collected between 2002 and 2013. Vehicular 
emissions (including both gasoline and diesel vehicles) were 
found to be the second major contributor to PM2.5, following 
secondary aerosols, with a near 20% contribution to total mass 
in both sites. During 2002 to 2004, the median and annual 
average values of vehicular emissions were relatively constant 
at both sites. Their contributions peaked in 2007 and 2005, 
respectively in LA and Rubidoux, while trended downward 
afterward until 2013. In 2013, the median values of daily-
resolved vehicular emissions source contributions in LA and 
Rubidoux were respectively 70 and 52% lower than their 
corresponding values in 2007 and 2005. Starting in 2007, all 
manufactured diesel trucks must meet the EPA 2007 emission 
standard, requiring a 90% reduction in their PM emissions. 
Moreover, after 2007, several major steps were taken by the 
California Air Resources Board and the ports of LA and Long 
Beach to reduce emissions from vehicular sources, particularly 
from diesel trucks. To assess the effect of these regulations, 
daily-resolved vehicular emissions source contributions from 
2002 to 2006 were pooled together and compared to the 
combination of 2008 to 2012 datasets. Compared to 2002-2006 
dataset, the median values of vehicular emissions in 2008-2012 
statistically significantly (p≤0.001) decreased by 24 and 21% 
in LA and Rubidoux, respectively. These reductions were 
noted despite an overall increase (about 5%) in the median 
value of the daily flow of vehicles in downtown LA after 2007, 
while the traffic counts were comparable before and after 2007 
in Rubidoux. Overall, our findings demonstrate the 
effectiveness of stringent regulations in reducing PM 
emissions from vehicular sources in the LA basin over the past 
decade. 
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In the last decade, O2/Ar ratios and the triple oxygen 

isotope composition (TOI) of dissolved O2 has been measured 
in many regions to simultaneously estimate net (NOP) and 
gross oxygen production (GOP) in the surface ocean. Both of 
these can be stoichiometrically related to carbon production 
and therfore, the NOP/GOP ratio reflects the efficiency of an 
ecosystem to export, rather than recycle, organic carbon. This 
approach has been limited in regions with strong vertical 
transport because transport is often difficult to determine. This 
is especially an issue when the majority of biological 
production occurs beneath the surface mixed layer. In this 
study, we combine profiles of the concentration and isotopic 
composition of oxygen with concurrent estimates of upwelling 
velocity and eddy diffusivity, based on a mass balance for 7Be 
(t1/2=53d). Mass balances for oxygen are based on a 1-D, non-
steady state, two-box model of the upper ocean at the San 
Pedro Ocean Time-series (SPOT) in Southern California, with 
observations of both tracers at ~two week intervals used to 
constrain model parameters. During Spring  2013, upwelling 
velocities ranged from 0.5 to 3.0 m d-1 at SPOT, delivering 
nutrients which supported GOP rates of 184 to 727 mmol m-2 
d-1 and NOP rates of up to 198 mmol m-2 d-1, which translates 
to Net Community Production (NCP) in the euphotic zone of 
up to 142 mmolC m-2 d-1. NOP/GOP ratios reached up to 0.45 
and peaked prior to the maximum in upwelling velocity and 
GOP. Organic carbon export during spring months, measured 
in sediment traps set at 100m combined with a water column 
234Th budget, ranged from 3.3 to 21.4 mmolC m-2 d-1. Export 
followed a temporal trend similar to NCP in the euphotic zone, 
but were ~4x smaller due to remineralization above the traps.  
Results show that it is possible to apply the dissolved O2/Ar 
and TOI tracer pair to estimate production rates along the 
ocean margins, the most productive regions of the worlds 
oceans. 
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Metal concentration, principally in porphyry and related 
hydrothermal deposits, is associated with felsic rocks at 
shallow depths of a few km in subduction/collision zones. 
However, processes at much greater depths are critical for the 
formation of large metal deposits. The S isotopic compositions 
of sulfides are skewed towards 0 ‰ for large deposits [1], 
confirming that S is not from a local crustal source. The 
transfer of large amounts of S with ~ 0 ‰ requires an oxidized 
mafic melt since felsic magmas have a low solubility of S. 
Oxidized mafic melt forms in the oxidized mantle in present 
(as well as past) subduction zones by incorporating an oxidized 
flux from slabs, whereas the mantle is depleted in S and metals 
through partial melting, requiring the mantle to be replenished 
with metals and S. Subducting slabs release fluids to the 
mantle, forming forearc mantle serpentinites and their eventual 
dehydration leads to partial melting to produce arc magmas 
[2]. Thus, forearc serpentinites record materials transferred 
from slabs to the mantle and then to magmas. Studies of such 
serpentinites show a general enrichment of fluid-mobile 
elements (FME), but the elements and their degrees of 
enrichment differ according to location. For example, 
Himalayan serpentinites,  formed during the subduction of 
evaporites and shelf sediments on the margin of India, contain 
oxidized As(+5) in the Si site [3], and high As, Sb and Pb. 
Appalachian serpentinites contain reduced As(+3), reflecting 
the subduction of organic-rich shale on the margin of the 
Ipetus Sea. Studies of subducted shales in (U)HP belts suggest 
that metals are retained in slabs. Marianan serpentinites are 
overall low in FME compared to other sites due to the lack of a 
continental input. Serpentinites in Hispaniola are high in Cu 
that may have been incorporated from subducted 
Protocarribean oceanic lithosphere. These data suggest that a 
necessary factor to form a metal-fertile belt is the subduction 
of sediments + slabs that release oxidized fluxes, metals and 
also S. This can explain the lack of large porphyry deposits in 
New Zealand and Japan, where only monotonous oceanic 
lithosphere has been subducted.  

 
[1] Hattori & Keith, 2001. Min. Dep 36:799-806 [2] Hattori & 
Guillot, 2003.Geology 31:525-528 [3] Hattori et al 2005 GCA 
69: 5585-5596. 
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Oceanic lithosphere contains abundant serpentinites as 
hydration products of abyssal peridotites. Their subduction 
causes the dehydration of serpentine to form olivine at ~ 150 m 
depth. It is assumed that all water and fluid-mobile elements in 
serpentinites are released to the overlying mantle wedges. 
Studies of such secondary olivine in HP-UHP belts (West 
Himalayas, Zermatt in Switzerland, Voltri in Italy) show that 
this olivine has significantly different compositions from 
mantle olivine. Since olivine is stable under high P and T, 
secondary olivine together with abundant oxide inclusions are 
capable to transport volatiles and highly incompatible 
elements, such as HFSE, into the deep mantle. 

Secondary olivine contains significant NiO in all three 
locations, ~ 0.3 % in Voltri and W. Himalayas and ~0.4% in 
Zermatt, but they do not positively correlate with MgO, likely 
due to a minor incorporation of Ni into magnetite and 
crystallization of Ni minerals, such as awaurite, during 
serpentinization. The contents of MnO are high (<0.43wt% in 
Voltri, < 0.3 wt% in Zermatt and W. Himalayas) compared to 
the contents (~ 0.1 wt%) of mantle olivine [1], because of 
preferential uptake of Mn in olivine over serpentine [2] during 
dehydration. Arsenic contents vary; 1-15ppm in the Himalayan 
olivine and 0.1-0.3ppm in the Zermatt olivine.The high values 
in the former reflect high As(V) in serpentine [3]. Other 
notably enriched elements in olivine include Li (<60ppm in 
Voltri; <1.3ppm in Zermatt), F (<137ppm; <1.9ppm) and B 
(<23 ppm; <8ppm). Co-existing antigorite contains Li 
(0.1ppm,<0.01 ppm), F (<2.5 ppm) and B (<10 ppm, <22 
ppm). Their comparable concentrations in serpentine and 
olivine suggest that the serpentinite dehydration does not 
release much of these elements to the overlying mantle. 
Furthermore, the Voltri olivine contains high TiO2,< 0.85 wt%, 
as Ti-clinohumite defects of olivine structure, which positively 
correlates with H2O (<0.7 wt%). The compositional variation 
of olivine likely reflects that of serpentine, which in turn 
reflects the subduction zone environments. 
 
[1] .De Hoog JCM, Gall L, Cornell DH, 2010. Chem Geol 270: 
196-215. [2]. Iyer K, Austrheim H, John T, Jamtveit, 2008. 
CHem Geol 249: 66-90. [3] Hattori K, Takahashi Y, Guillot S, 
Johanson B. 2005. GCA 69:5585-5596. 
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Toxic levels of hexavalent chromium (Cr(VI)), a known 

carcinogen, have primarily been attributed to anthropogenic 
sources. Recently, however, naturally occurring chromium 
residing within geologic strata poses a far more widespread 
threat to human health. Weathering processes enrich Cr(III) 
within sediments where subsequent oxidation can release the 
more toxic and mobile Cr(VI) into groundwater. Many studies 
have investigated Mn(III/IV) oxidation of aqueous Cr(III), but 
the spatial proximity necessary for the oxidation of Cr(III) 
solids by Mn-oxides is not yet known.  

Here we examine first how the varying solubility of Cr(III) 
minerals impacts oxidation by birnessite using Cr(III) 
hydroxides with varying amounts of Fe(III). Donnan reactors, 
in which Cr and Mn solids were separated by an ion-permeable 
membrane, were used to simulate diffusion-limited transport of 
solubilized Cr(III). As predicted with solubility, Cr(VI) 
production decreased with increasing Fe-substitution.  

In order to examine the spatial relation of Mn(III/IV) 
precipitation, formed via microbial oxidation of Mn(II), with 
respect to Cr(III) phases within complex mineralogical 
assemblages, we examined the spatial relationship between 
Leptothrix cholodnii, a Mn-oxidizing bacteria, and Shewanella 
putrefaciens, an Fe-reducing bacteria, within synthetic 
aggregates. Catalyzed reporter deposition fluorescence in situ 
hybridization (CARD-FISH) allowed us to visualize the co-
location of L. cholodinii and S. putrefaciens within the context 
of advective and diffusive flow networks. S. putrefaciens was 
found to correspond with depleted zones of Cr and Fe within 
the anaerobic aggregate interior, while L. cholodinii formed a 
thick biofilm on the aggregate surface. Further, Mn and Cr 
were enriched in the outer-rim of the aggregate proximal to the 
advective flow channel.  Collectively, our results illustrate how 
coupled microbial and geochemical process operate to 
potentially form Cr(VI) within the physical structure of soils 
and sediments.    
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Desert soils cover ~35% of the Earth’s surface and are 
therefore important in global processes.  Despite their wide 
distribution, however, whether deserts are a source or sink of 
CO2 to the atmosphere remains unknown [1].  The processes 
affecting carbonate precipitation in shallow desert soils remain 
an area of active research, with recent work suggesting that 
carbonate precipitation may occur at much shallower depths 
than previously thought [2].   

Here, in order to elucidate processes affecting carbonates 
within shallow desert soils strongly impacted by both 
evaporation and plant root systems, we measured the Ca 
isotopic composition of both the exchangeable and carbonate 
fractions of soil from El Dorado Valley, Nevada.  We also 
measured the Ca isotopic composition of the incoming dust, 
samples beneath and immediately beside biological soil crusts, 
and creosote stems, roots, and leaves. Results indicate that the 
exchangeable fraction is heavier than the carbonate fraction, 
and that the deeper samples are lighter than the surface 
samples.  Results are consistent with preferential incorporation 
of lighter isotopes into the carbonates with precipitation, as 
well as mixing of dust from different sources.  Additional work 
is needed to further understand processes affecting 
fractionation of Ca isotopes in desert soils, with implications 
for understanding paleosols and the global carbon cycle.  

 
[1] Schlesinger, W.H., J. Belnap, and G. Marion, (2009) 
Global Change Biology, 15 1488-1490. [2] McFadden, L.D., et 
al (1998) Geomorphology, 24 101-145. 



 Goldschmidt2014 Abstracts  

 

933 

933 

Interpreting the ancient sulfur-
isotopic signal from a metabolic 

pathway perspective. 
JEFF R. HAVIG1, TRINITY L. HAMILTON1 

AND AVIV BACHAN1 
1Department of Geosciences and the Penn State Astrobiology 

Research Center, The Pennsylvania State University, 
University Park, PA, U.S.A., jrh58@psu.edu 

 
Sulfur-coupled metabolisms are some of the most 

important microbially-mediated processes.  The rock record, 
while incomplete, provides the best framework for 
understanding the redox history of the Earth’s surface, with 
sulfur isotopes (including the mass independent fractionation 
of sulfur, or MIF-S signal) providing convincing evidence for 
the timing of the transition from an oxygen depleted/reducing 
atmosphere to one with free oxygen.  Here we work to merge 
the most up to date and comprehensive geochemical datasets 
from the literature with our current understanding of 
prokaryotic sulfur transformations in order to create testable 
hypotheses for the onset of microbial mediation of those 
transformations.   

Based on observed trends in available geochemical data 
and using geochemical proxies, we divide earth history prior to 
1.5 Ga into five periods (0 – 4), and putatively link each to 
development of microbially mediated sulfur transformations. 
(0) 3.9 to 3.7 Ga - Paucity of SO4

-2 minerals (SO4(ppt)), lack of 
sulfide δ34S fractionation (δ34S-S-2

fract), small MIF-S signal 
preserved, exceedingly low SO4

-2 concentration ([SO4
-2]), small 

subarial volcanism input of SO2 to atmosphere (SO2(volc)); SO3
-2 

reduction and H2S oxidation develop.  (1) 3.6 to 3.2 Ga – More 
SO4(ppt) observed, increased δ34S-S-2

fract, larger MIF-S signal 
preserved, increasing SO2(volc); development of sulfur 
disproportionation, anoxygenic photosynthesis linked to H2S 
oxidation.  (2) 3.2 to 2.7 Ga – Paucity of SO4(ppt), collapse of 
MIF-S signal, reduced δ34S-S-2

fract, [SO4
-2] increases above the 

threshold for sulfate reducing bacteria, oxygen ‘whiffs’, 
increasing SO2(volc); SO4

-2reduction develops.  (3) 2.7 to 2.5 Ga 
- SO4(ppt), increase of δ34S-S-2

fract, large MIF-S signal preserved, 
increasing SO2(volc), oxygenation of surface ocean; sulfolipid 
formation develops.  (4) 2.5 to 1.5 Ga – Collapse of MIF-S 
signal, oxygenation of the atmosphere, increased δ34S-S-2

fract, 
dramatic increase in [SO4

-2]; modern sulfur cycle established.   
Modelling of sulfur reservoirs coupled to sulfur isotopic 

signals in the rock record and incorporating the genomic 
record of the extant biogeochemical sulfur cycle will allow 
testing of these hypotheses, and result in a more complete 
understanding of the sulfur cycle through evolutionary time.  
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Fayetteville Green Lake (FGL) is a meromictic lake, with 
an upper oxic mixolimnion extending from the surface to the 
start of a chemocline at approximately 15 m, a zone extending 
from ~15 m to ~22 m over which the chemistry of the water 
transitions from oxygenated (dissolved oxygen >250 µM, 
predominant DIN as nitrate, conductivity ~1200 µS/cm, and 
low Fe and Mn, ~20 nM and ~10 nM, respectively) to reduced 
(sulfide > 0.2 mM, NH4(T) > 50 µM, conductivity > 1500 
µS/cm, and higher Fe and Mn, > 100 nM and > 4000 nM, 
respectively). 

To better elucidate the geochemistry through the entire 
water column, we deployed an apparatus that allowed for near 
instantaneous water sampling from the surface through to the 
bottom (53 m) at 1 m intervals, and at ¼ m intervals from 16 to 
24 m, in conjunction with a Sonde equipped with sensors for 
measuring depth, pH, conductivity, temperature, turbidity, and 
dissolved oxygen content.  We analysed samples collected in 
November of 2012 and July of 2013 for over 25 different 
physical and geochemical parameters.  From this level of 
resolution, we can describe the dramatic changes in 
concentration and redox chemistry that occur across the 7 m 
zone below the chemocline, and demonstrate a dynamic and 
shifting geochemical environment which harbours the majority 
of biomass and productivity for the lake.  Using geochemical 
tracers of different processes and water sources, we check the 
validity of previous modelling to describe the movement of 
water and nutrients through the system, and test the viability of 
using FGL as a proxy for early Earth ocean conditions. 
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This contribution addresses two aspects pertinent to 
models for the generation and evolution of the continental 
crust; the composition of new/juvenile continental crust and 
how that changed with time, and the tendency for relatively 
young continental crust to predominate in areas of high relief. 
The former constrains the conditions and the tectonic setting(s) 
in which the continental crust was generated, and the latter 
results in an under-representation of old continental crust in the 
sedimentary record. The composition of the new continental 
crust is estimated from the time-integrated parent/daughter 
ratios of isotope systems in crustal melts derived from that new 
crust. 87Rb decays to 87Sr with a long half-life (~48.8 Ga) 
compared to the age of Earth, and because of the different 
partitioning characteristics of Rb and Sr within the crust (DRb < 
DSr << 1), crustal differentiation processes produce a large 
range of highly fractionated Rb/Sr ratios. As a consequence 
there is a positive correlation between the Rb/Sr and both the 
SiO2 content and the thickness of continental crust along active 
continental margins. Thus the time-integrated 87Rb/86Sr ratio 
can be used as a proxy for the bulk composition and the 
thickness of new continental crust back in time. 

The time-integrated Rb/Sr in crustal material with crust 
formation ages ranging from the Hadean to the Phanerozoic 
suggest that new continental crust was principally mafic over 
the first 1.5 Ga of Earth’s evolution. The composition of new 
crust became more evolved from 3 Ga to 1.5 Ga and the 
estimated thickness of the crust in areas where new crust was 
generated increased by a factor of 2 over that period. At the 
present day there is a marked negative array between 
topographic relief and the model Nd age of different terrains as 
predicted in a number of studies over the last 30 years (e.g. 
Allègre and Rousseau, 1984 [1]; Dhuime et al. 2012 [2]). The 
under-representation of old crust therefore needs to be an 
integral part of models evaluating the evolution of the 
continental crust from the sedimentary record. 

 
[1] Allègre & Rousseau (1984) Earth Planet. Sci. Lett., 67, 19-
34. [2] Dhuime et al (2012) Science 335,1334-1336 
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Increasing demand of tellurium for use in high technology 
devices, including high efficiency solar panels, has sparked 
questions of future supply because of low crustal abundance (1 
µg kg-1).  Key in evaluating future supplies is an estimation of 
Te that could be extracted from current mining processes. 
Tellurium is currently recovered as a byproduct of Cu 
extraction, but is also enriched in some Au/Ag orebodies.  The 
goals of the present study are (1) to perform a mass balance to 
assess current (or potential) recovery of Te in operational 
mines, and (2) to assess the distribution of Te between host 
phases controlling Te liberation throughout the mining process. 

Distribution of Te in between host minerals dictates Te 
behavior, particlarly during early extraction, thereby directly 
limiting the potential for total recovery. Previous studies 
suggest in Cu extraction, as much as 90% of Te is lost in the 
initial concentrating step separating chalcopyrite from gangue 
minerals [1]. Further, our preliminary calculations suggest that 
only 16% of Te entering the smelter is recovered.  Together, 
these results indicate very low Te recovery, but also highlight 
waste streams (e.g., 200+ mg Te kg-1 in furnace dust) that 
could be exploited to recover additional Te. 

The solid phase speciation of Te throughout the extraction 
processes was examined using a combination of bulk (total 
elemental analysis, X-ray absorption spectroscopy [XAS], and 
X-ray diffraction) and grain-scale techniques (micro-focused 
X-ray fluoresence [µ-XRF] and electron microprobe analysis). 
Previous studies and our results indicate Te can occur as 
tellurides  or can substitute for sulfur in sulfides [2, 3]. Our 
results agree with Chen  & Dutrizac that the majority of Te in 
anode slimes is present as tellurides  but our XAS studies also 
indicate a small fraction (~30% by mass) of TeIV is present [4].   

 
[1] Ojebuoboh (2008) World of Metallurgy 61, 33-39. [2] Spry, 
et al (1997) Mineralogy and Petrology 59, 143-164. [3] Spry 
& Thieben (2000) Mineralogical Magazine 64, 31-42. [4] 
Chen & Dutrizac (1996) Canadian Metallurgical Quarterly 35, 
337-351. 
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A wide variety of anthropogenic sources emit fine aerosols 

to the atmosphere. The physical and chemical properties of 
these aerosols are of interest due to their influence on climate, 
human health, and visibility. Aerosol chemical composition is 
complex. Combustion aerosols can comprise tens of thousands 
of organic compounds, refractory brown and black carbon, 
heavy metals, cations, anions, salts, and other inorganic 
phases. Aerosol organic matter normally contains semivolatile 
material that partitions between the gas-, liquid-, and particle-
phases, a process controlled by dynamic equilibrium or 
interfacial mass transfer considerations. Volatile and 
semivolatile organic matter can undergo photo-oxidation in the 
atmosphere, creating particle nuclei or growing particles 
further via condensation. This diverse chemistry and 
processing of anthropogenic emissions aerosols produces 
distinct particle morphology and nanostructure that is 
heterogeneous, which in turn contributes to the optical 
properties, aerodynamic nature, and thus fate and transport of 
aerosols. Determination of the complex chemical nature of 
combustion aerosols requires utilizing a series of advanced 
analytical measurement techniques. The focus of this 
discussion is on the measurements that have evolved in the 
aerosol and combustion science community for reliably 
measuring the physical and chemical properties of 
anthropogenic aerosols. The use of both real-time and 
laboratory-based instrumentation will be examined. Topics 
will include monitoring with real-time particle instrumentation: 
(i) transient combustion events; (ii) single black carbon (BC) 
particles; (iii) the extent of volatile organic mass coatings, and 
(iv) measuring organic composition at low aerosol mass.  
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Discovery in geochemistry relies principally on induction 

and deduction—approaches to reasoning that focus on 
observation, modelling, and predictive explanations of known 
natural patterns and phenomena. However, these powerful 
methods are inherently inefficient at discovering new complex 
patterns that require multivariate analysis of large datasets or 
synthesis of diverse types of data. Recognition of such gradual 
global processes, such as oxidation of the oceans and 
atmosphere, radiation of subsurface microbial ecosystems, and 
co-evolution of the terrestrial geosphere and biosphere, may 
require decades of integrated geo- and bioscience data. 
Accordingly, we are developing a deep-time data infrastructure 
that links trace element and isotope data for rocks and minerals 
to paleoenvironment, paleobiology, proteomics, and 
thermochemical data resources. The potential now exists for an 
alternative “abductive” approach to investigate Earth’s co-
evolving geo- and biosphere [1-4].  

Our initial efforts have focused on accumulating data on 
trace element distributions in sulphide and carbonate minerals 
across deep time [5]. These data reveal significant temporal 
changes in Earth’s near-surface oxidation state; for example, 
discontinuous changes in ratios of redox-sensitive trace 
elements. Growing data resources also point to new 
opportunities for applying multivariate statistical methods and 
adapting visualization strategies for deep-time data.    

Ultimately, we envision an integrated deep-time data 
infrastructure—a new kind of open-access “scientific 
instrument” that may facilitate transformation of current Earth 
science paradigms. 
 
[1] Fayyad et al (1996) AI Magazine Fall 1996:37-54. [2] Hey 
et al [Eds] (2009) The Fourth Paradigm: Data-Intensive 
Scientific Discovery. Redland, WA: Microsoft External 
Research. [3] Hazen et al (2011) Am. Mineral. 96:953-963. [4] 
Keller & Schoene (2012) Nature 485:490-493. [5] Golden et 
al. (2013) Earth Planet. Sci. Lett. 366:1-5. 
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It has been well documented that clay minerals have strong 

capacity to adsorb heavy metals. Naturally, a close correlation 
can be expected between them. However the author’s previous 
work showed that there was no correlation between heavy 
metals and kaolinite, illite or chlorite in the samples taken from 
salt marsh at the east coast of Wadden Sea. One explanation 
was that there were not many heavy metals to be adsorbed in 
that environment. If this explanation was valid and could be 
generalized, correlation between clay minerals and heavy 
metals might be used, in some way, as an indicator of 
environmental situation.  It was true that the sampling site at 
Danish west coast was not polluted. However much more 
samples, especially samples from different environmental 
conditions must be investigated.  

In present investigation, totally 21 samples were collected 
from soils around the mining area in Jiangxi, Southeastern 
China. The predominant clay minerals are illite, kaolinite and 
chlorite. The average concentration of the heavy metals 
investigated, Cu, Pb, Zn, Ag and As  are 2 to 6 folds of that of 
the local reference.  However, the correlations between them 
and the clay minerals are generally poor: illite is negatively 
correlated to all these metals except for As to which r 
(correlation coefficient) is 0.642; kaolinite has also negative 
correlation with three of the five heavy metals, Ag, Cu and Zn, 
while positive but low (r 0,31) with Pb and some correlation (r 
0,59) with As  

To focus on the fraction of heavy metals that presumably 
associate only to clay minerals, sequential chemical extraction 
was used to extract the “exchangeable” fraction of the metals. 
For this fraction, the correlations are even lower. The poor 
correlations may suggest that at least some of the adsorbing 
sites of the clay surfaces are not saturated. It may be due to a 
significant amount of the heavy metals were accommodated in 
the crystal structures of mineral phases, or were adsorbed by 
the stronger adsorbents, such as organic matters and Fe 
(hydr)oxides than clay minerals. Further investigation is 
needed. 
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Computed phase equilibria indicate that, from 80 to 180 

km depth, little devolatilization occurs for all carbonate-
bearing marine sediments along low-temperature geotherms 
[1], and >70–80% of the subducted carbonate will bypass the 
volcanic arc region and get buried to larger depths [2]. There 
has been no direct petrologic evidence, however, of the return 
of subducted marine carbonate to the deep mantle.  

Highly reduced phases bearing carbonatitic xenoliths were 
now found in the Cenozoic basalt, North China, which could 
have witnessed the deep mantle recycling of marine carbonate 
[3]. The highly reduced phases include diamond, moissanite, 
graphite, Fe3Si and some native metals. The mineral 
assamblage implies that the carbonatitc xenoliths once had 
been exposed to deep mantle (>150 km). However they still 
remain the trace element patterns of marine carbonate. They 
have remarkable positive Sr anomaly, but low REE, LILE and 
HFSE contents. Furthermore, temperature and pressure 
estimated by the coexisting clinopyroxene, orthopyroxene and 
garnet in the carbonatitic xenoliths are 943 °C and 2.2 GPa, 
indicating that the carbonatitic xenoliths were  eventually 
captured by basalts at the shallow lithospheric mantle. These 
characters together suggest that the carbonatitic xenoliths were 
primarily originated from marine carbonates which  were 
transported to deep mantle by subduction and then emplaced 
into the mantle wedge (~75 km) by diapiric rise.   

 
[1] Kerrick DM, et al 2001. Nature (411), 293-296. [2] 
Thomsen TB, et al 2008. Earth Planet. Sci. Lett. (267), 17-31. 
[3] Liu et al (2014) Nature (subm.). 
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The hydrology of the Everglades wetland system has been 

significantly modified over the past decades, resulting in 
changes in water quantity, quality and timing in this complex 
hydrologically linked system. As a result, the Everglades is 
undergoing a massive restoration to re-establish hydrological 
conditions that existed prior to anthropogenic stress. Therefore, 
paleoenvironmental information is needed to assess past and 
present conditions in order to model future changes in local 
ecology, such as vegetation successions associated with water 
delivery variations, in relation to modifications to the 
hydrological regime.  

Here we report on the application of biomarker analysis in 
an effort to assess past hydrological changes in this wetland 
ecosystem and to reconstruct past vegetation as well as 
hydroperiod conditions. In particular, compound-specific 
carbon and hydrogen isotopic ratios of n-alkanes and their 
distributions in important local biomass, surface soil transects 
(ridge to slough) and soil cores in Southern Everglades were 
determined. Our data show that n-alkane distribution and their 
δD and δ13C values differ significantly among the studied 
plants, along soil transects and down core. Changes of 
compound specific H and C isotopes coincide with the plant 
type change from historically slough-type vegetation (longer 
hydroperiod) to present ridge-type vegetation (shorter 
hydroperiod). These δ13C and δD changes may relate to both 
changes in plant primary productivity and vegetation shifts due 
to the hydrology change. 
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Inspired by the success of EARTHTIME, EARTHTIME-

CN was initiated on Dec.15th., 2013 in Beijing to improve the 
accuracy and precision of Chinese geochronology laboratorys.  
There are four working groups in EARTHTIME-CN, isotopic 
dating, paleomag, orbital tunning and paleontology. Four 
chinese 40Ar/39Ar labs, one SIMS lab and one ID-TIMS lab 
join in the EARTHTIME-CN. The 2014 working plan of 
isotopic dating group are mainly focused on the 
standardization of the ID-TIMS and 40Ar/39Ar laboratorys. 

Under the guidance of Prof. Sam Bowring, we are 
establishing  the ID-TIMS U-Pb geochronology at the Institute 
of Geology and Geophysics, Chinese Academy of Sciences.  

Air standard measurements are the first step to inter-
calibration between the participating 40Ar/39Ar labs. Mineral 
standards measurements and pipette experiments will be the 
next. Our petrology study indicate that there are tiny amount of 
quartz and plagioclase in FCT-2 sanidine separation, which 
may explain the disturbed age spectrum reported by Phillips 
and Matchan [1]. The possibility to irradiate 40Ar/39Ar samples 
with deuteron–deuteron (D–D) fusion neutrons in China was 
discussed. 
 
[1] Phillips and Matchan (2013). Ultra-high precision 40Ar/39Ar 
ages for Fish Canyon Tuff and Alder Creek Rhyolite sanidine: 
New dating standards required? Geochimica et Cosmochimica 
Acta, 221:229–239 
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The characteristics of volcanic geochemical at the end of 

Late Carboniferous in southeast Heishanling of Beishan, 
Xinjiang[1-3] were studied by the major, rare earth elements, 
trace elements methods of rock and geochemistry. The result 
show that: (1) Ganquan cycles volcano rock is a volcano rock 
assemblage with calc alkaline sodic volcano rocks or a small 
amount of alkaline volcano rock composition. (2) the magma 
originates from the loss of mantle, the assimilation effect is 
stronger in the early evolution, magmatic assimilation effect is 
reduced in the process to upthrust in the late due to the 
temperature and pressure reducing, and the fractional 
crystallization has been enhanced, mainly show some large ion 
dear stone element content irregular fluctuations. (3) Beishan 
Rift Valley of Ganquan cycle in Late Carboniferous is in 
tectonic extrusion shrinkage, which generates a set of matched 
with the volcano rock assemblage and sedimentary formation, 
and subsequent early Permian volcano activity is caused that 
orogenic belt thickening lithosphere wide delamination results 
in a wide range rising of loss partial melting of mantle magma. 
 
[1] Guochao Zuo, et al (2003), Acta Geologica Gansu 1, 1-15. 
[2] Yuwang Wang, et al (2005), Geology and Prospecting 6, 
37-40. [3] Lianhui Dong, et al (2005), Xinjiang Science and 
Technology Press. 
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Generally, the thermal degradation of sedimentary organic 

matters occurred in complex inorganic environments. The 
geochemical evidences, that suggest effects of water on the 
generation potential of petroleum and natural gas and the 
isotope fractionation of natural gas, have been extensively 
reported by field observations and hydrous pyrolysis 
experiments. To address the effects of water on the thermal 
evolution of organic matters, a series of non-isothermal 
hydrous pyrolysis involving lignite (Ro=0.4%) with the 
presence of distilled water (δ D = -51.1‰) and sea water  (δ D 
= -6.8‰) were conducted in this study.  

  The determination of the yields of products indicated that 
the presence of two water both enhanced the yields of oils and 
hydrocarbon gas during lignite maturation, while the 
hydrocarbon generation time or threshold seemed not affected 
by the presence of water. The generation of oil mainly 
occurred at the rage of Ro=0.5-1.0%. The generation of gas 
can last to Ro=5.0% for lignite, the maximum yields of 
hydrocarbon gas during hydrous pyrolysis can reach about 300 
ml/g.coal. Meanwhile, it can be also observed that the 13C 
isotope for methane and ethane was slightly depleted with the 
presence of two water, which is consistent with the result from 
our previous hydrous pyrolysis involving hydrocarbons and 
oils. It is notable that hydrogen isotope fractionation of 
hydrocarbon gas, oils and residue coal was significantly 
affected by the presence of water and mainly dominated by the 
hydrogen isotope of water. The presence of both water resulted 
in the enrichment of D for hydrocarbon gas. Relatively, δ D of 
methane and ethane derived from hydrous pyrolysis involving 
sea water (δ D=-6.8‰) were highest compared with that from 
anhydrous pyrolysis and hydrous pyrolysis involving distilled 
water. Moreover, the hydrogen isotope of the oils and residual 
coal were also enriched by the presence of water. Similarly, the 
presence of sea water lead to most intensively enrichment of D 
for oils and coal. Surprisingly, the δ D of the residual coal did 
not continuously increase with the maturity. When Ro is larger 
than 2.5%, a sudden decrease of δ D of coal appeared in 
hydrous pyrolysis, which is consistent with the evolution of 
hydrogen isotope of geological samples. 

Base on these results, we can established the isotope 
fractionation model for natural gas as well as the coal during 
thermal maturation in different sedimentary environments 
(terrestrial or marine). These models can be applied to predict 
the natural gas potential and the isotope compositions of 
natural gas and residue coal in a particular basin with certain 
sedimentary environments and thermal history. 
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Asian summer monsoon (ASM) and mid-latitude 

Westerlies are major atomospheric systems influencing the 
climate change over the Tibetan Plateau, while the interplay 
between these two systems is far from well understood. Lingge 
Co (88o36’E, 33o51’) is located within the transition zone 
between ASM and westerlies in the Northern Tibetan Plateau 
(NTP), which is sensitive to the changes in the two systems 
and potentially provide significant information on the interplay 
between ASM and Westerlies. We measured leaf wax dD and 
loss on ignition at a 10 m sediment core which covers the past 
26 ka. The records suggest that the NTP climate was mainly 
affected by the westerlies during the last deglaciation (~26-
12ka). During the Holocene, the NTP climate was mainly 
influenced by the ASM with intrusion of westerlies into NTP 
9-6ka and 4.5-2ka.  The Lingge Co records provide important 
information on the interplay between ASM and the Westerlies 
since the last deglaciation in the NTP.  
Figure 1. Comparison between Qinghai lake (a: particle size,  b: 

TOC), Lingge Co (c: LOI at 550oC, d: hydrogen isotope of n-
fatty acid), and Dongge and Hulu cave(e). The dot with error 
bar represents calendar age. 
 
[1] An et al Scientific reports, 2012. [2] Dykoski et al EPSL, 
2005. [3] Yuan et al Science, 2004 
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Iron (Fe) is the fourth most abundant element in the 
Earth’s crust and plays a significant role controlling the 
geochemistry in soils, sediments, and aquatic systems. As part 
of a study to understand the microbially-catalyzed couple 
between iron and nitrogen (N) biogeochemical cycling in soils, 
an iron reducing isolate, strain FeAm09, was obtained. Strain 
FeAm09 was isolated from acidic, Fe-rich soils collected from 
a tropical forest (Luquillo Experimental Forest, Puerto Rico). 
Strain FeAm09 is a rod-shaped, motile, Gram-negative 
bacterium. Taxonomic analysis of the near complete 16S gene 
sequence revealed that strain FeAm09 is 94.7% similar to 
Geobacter lovleyi, placing it in the genus Geobacter within the 
Family Geobacteraceae in the Deltaproteobacteria. 
Characterization of the optimal growth conditions revealed that 
strain FeAm09 is a moderate acidophile with an optimal 
growth pH of 5.0 (range pH: 4.0 - 6.0). The optimal growth 
temperature was 37°C. Growth of FeAm09 was coupled to the 
reduction of soluble Fe(III), Fe(III)-NTA, with H2, fumarate, 
ethanol, and various organic acids and sugars serving as the 
electron donor. Insoluble Fe(III), in the form of synthetic 
ferrihydrite, was reduced by strain FeAm09 using acetate or H2 
as the electron donor.  The use of H2 as an electron donor in the 
presence of CO2 and absence of organic carbon indicates that 
strain FeAm09 is an autotrophic Fe(III)-reducing bacterium. 
Together these data describe the first acidophilic, autotrophic 
Geobacter species. In a previous study on these tropical soils, 
the number of Fe-cycling bacteria found rivalled those found 
in saturated sediments (lake-bottoms) and saturated soils 
(wetlands) where Fe(III) reduction is more commonly 
recognized as a dominant mode of microbial respiration. 
Furthermore, Fe(III) reduction was identified as a primary 
driver of carbon mineralization in these tropical soils.  This 
suggests that in addition to Fe cycling, Geobacter sp. FeAm09 
is likely to play a primary role in carbon cycling in iron-rich 
tropical soils. 
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Peterson et al. (in review) have investigated the 
hydrothermal crystallization of akaganéite (β-FeOOH) and its 
transformation to hematite (Fe2O3) in heated aqueous solutions 
using in situ, time-resolved synchrotron X-ray diffraction. 
Rietveld analysis of the incipient crystals of secondary 
nanohematite yielded a refined occupancy for Fe of ~0.75.  As 
the reaction proceeded, these refined occupancy factors 
systematically increased, asymptotically approaching unity in 
all cases.  Thus, if charge balance was achieved by H+, then the 
composition of the first hematite nanocrystals was FeOOH 
rather than Fe2O3, suggesting that the akaganéite-hematite 
reaction was nearly isochemical.   

In the present study, the authors searched for 
crystallographic evidence that natural hematite can exhibit 
similarly high levels of Fe vacancies. Breithaupt (1847) 
introduced the term “hydrohematite” to describe an Fe 
hydroxide from Bavaria similar to hematite but with a water 
content half that of goethite. Hermann (1844) reported the 
same hybrid composition for an iron oxide he labeled “turgite”.  
Brush and Rodman (1867) described similar Fe hydroxides 
from localities in the eastern United States.  Both 
“hydrohematite” and “turgite” were discredited in the 7th 
edition of Dana’s System of Mineralogy (Palache et al. 1944). 

The U.S. National Museum of Natural History contains 
material labeled “turgite” from Hermann’s type locality and 
hematite specimens from several of the U.S. localities 
described by Brush and Rodman (1867).  Our X-ray diffraction 
and SEM analysis of the type “turgite” material from Turginsk 
revealed it as a glassy Fe silicate with minor inclusions of 
hematite and goethite in roughly equal amounts. In contrast, 
our Rietveld analysis of “turgite” specimens from Connecticut 
(donated by Brush) yielded a hematite structure with a refined 
Fe occupancy of ~0.84.  Specimens from Pennsylvania and 
Virginia offered similar results. Thus, natural crystals of 
hematite can contain high concentrations of Fe vacancies due 
to the incorporation of water in amounts that approach those 
found in goethite and akaganéite. 
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Here we present new high-precision 40Ar/39Ar ages from 

Shatsky Rise, an oceanic plateau (2.7 × 106 km3) composed of 
three large volcanic edifices: TAMU, ORI and Shirsov Massif. 
TAMU Massif (144.8 ± 1.2 Ma) was the first to form at the 
intersection of an ancient triple junction and is now considered 
to be the largest singular shield volcano ever to have formed 
on Earth [1]. ORI and Shirsov Massif appear to have formed 
later, following the northward migration of the Shatsky triple 
junction. However, it remains unclear whether mechanisms 
involved in the formation of this triple junction and related 
mid-ocean ridge volcanism created Shatsky Rise, or whether a 
plume source explains its significant size and volume. Our 
initial age determinations suggest TAMU Massif formed 
within 1 m.y. of the formation of the local oceanic crust (145 ± 
1 Ma [2]). Results from the top of IODP Expedition 324 Hole 
U1350A at ORI Massif have magmatism occuring at 134 ± 1 
Ma. At that time the triple junction had already migrated well 
north of Shirsov Massif. A dredged sample (TN037) from 
Toronto Ridge on TAMU is 128.2 ± 0.5 Ma. These ages reveal 
magmtism began with the rapid construction of TAMU massif 
and then continued or began again 16 m.y. later, after the triple 
junction migrated hundreds of kilometers to the north.  

Overall, 50 groundmass and plagioclase separates from 
across Shatsky Rise and the related seamounts were 
meticulously  picked, acid-leached and processed. Thirty-four 
samples were analyzed from TAMU massif (IODP Expedition 
324 Site U1347 [n=17], ODP Leg 198 Site 1213B [n=14], and 
dredging cruise TN037 [n=3]). Seventeen samples were 
analyzed from ORI Massif (IODP Expedition 324- Sites 
U1349 and U1350 [n=16] and along the flank of the massif 
from TN037 [n=1]). Four samples were analyzed from Shirsov 
Massif (IODP Expedition 324 Site U1346). Samples were 
variably altered and were treated with an extensive acid 
leaching regimen[3], including an extra 2 x 15 minutes of 5% 
HF treatments for plagioclase grains. Samples were then 
analyzed on an Argus VI noble gas multi-collector mass 
spectrometer in the 40Ar/39Ar Geochronology Lab at Oregon 
State University. 

 
[1] Sager et al (2013) Nature Geosci. doi:10.1038/ngeo1934. 
[2] Müller et al (2008) Geochem., Geophy., Geosyst. 9 
[3] Koppers et al (2004) Geochem., Geophy., Geosyst. 5. 
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Atom-probe tomography (APT) is a powerful analytical 
technique that has been extensively used in materials science 
and is now also being applied in cosmochemistry. With a 
spatial resolution at the atomic level and single-atom 
sensitivity, APT is a unique tool to study the local elemental 
and isotopic compositions of extraterrestrial materials, 
inclusions, and nanoparticles. We developed sample 
preparation methods and optimized analytical parameters to 
analyze individual 2–3 nm-sized meteoritic nanodiamonds 
(ND) from the Allende meteorite. Bulk analyses by noble gas 
mass spectrometry revealed that ND carry a high anomalous 
Xe component which is due to neutron-capture nucleosynthesis 
in supernovae (Xe-HL; Lewis R et al. 1987 Nature 326, 160). 
In contrast, carbon and nitrogen isotopes in bulk ND samples 
analyzed by gas mass spectrometry advocate a Solar System 
origin (Russell SS et al. MAPS 31, 343). Single grain analyses 
with APT of the 12C/13C isotopic abundance ratios will 
determine if there are different populations of ND with 
different stellar origins or with an origin in the solar system – a 
question that has not been resolved since the discovery of the 
meteoritic ND 27 years ago. In the limited number of Allende 
ND that we have analyzed by APT, we have not found a 
significant difference from terrestrial carbon in the uncorrected 
12C/13C ratios. In a larger sample set we would expect that 
some ND from supernovae would have highly anomalous 
12C/13C ratios, similar to what is observed with other types of 
carbonaceous presolar grains. We discovered an instrumental 
bias with APT that affects the accuracy of carbon isotope ratio 
measurements. Efforts are underway to correct for this bias. 
Besides ND, we have analyzed presolar silicon carbide with 
APT and started to extend our effort to other types of samples. 
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Nitrous oxide (N2O) is a potent greenhouse gas and is also 

involved in ozone layer destruction.  Due to the rise of 
agricultural activities, the atmospheric concentration of N2O is 
almost 20% higher than pre-industrial levels, increasing at a 
rate of ~0.25% per year.  To account for the global N2O 
concentration and establish effective policies related to N2O 
production, we need to increase our understanding of microbial 
N2O formation.  Previous δ15N and δ18O characterization of the 
nitrification and denitrification processes provide insights for 
the fractionation of different pathways.  However, δ15N-N2O 
and δ18O-N2O values alone are not enough to fully differentiate 
the two N2O-generation pathways.  Therefore, in addition to 
these values, site preference values are measured and have 
been successfully used to identify various bacterial N2O 
sources.  Because these isotope values are typically obtained 
from culture studies, however, they represent the net isotope 
fractionation of the entire process, including gas diffusion, 
enzymatic conversion, and product release.  In most cases, the 
specific fractionation effects of the actual enzymatic steps 
remain unknown.   

In our study we used trace gas-isotope ratio mass 
spectrometry with high precision to measure the four N2O 
isotopomers (14N15N16O, 15N14N16O, 14N15N18O, 15N14N18O) 
generated by purified P450 nitric oxide reductase (P450nor) 
from Histoplasma capsulatum over the course of an hour.  The 
kinetic isotope effects, fractionation factors, and site 
preference values were calculated for the purified P450nor-
catalyzed N2O process.  Our analysis indicated β-15N of N2O 
molecule has an inverse isotope effect but other atoms (α-15N 
of N2O and 18O-N2O) have normal isotope effects.  The 
physiological and mechanistic implications of these results will 
be discussed. 
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Stable isotopes can provide important insights into 

complex biological and environmental processes.  In particular, 
hydrogen, carbon, nitrogen, and oxygen isotopes can help 
dissect enzymatic reaction mechanisms and can be employed 
as tracers to follow metabolic pathways.  In particular, isotope-
ratio mass spectrometry has been instrumental in our ability to 
improve our understanding of microbial H2 and N2O 
metabolism. 

Biological hydrogen production is mainly mediated by 
hydrogenase enzymes, which combine protons from water with 
electrons to generate H2.  Because each hydrogenase 
discriminates against 2H slightly differently, each will generate 
H2 with a unique isotopic signature that can be used to monitor 
individual enzyme activity.  We purified a number of 
hydrogenases and, as predicted, each produces H2 with a 
distinct isotopic signature and the fractionation factors for 
specific hydrogenases cluster with hydrogneases of the same 
family.  Furthermore, we used this data to ascertain the relative 
contributions of the [FeFe]-hydrogenase and the [NiFe]-
hydrogenase in Shewanella oneidensis H2 metabolism. 

We are employing a similar approach to study the 
microbial production of the potent greenhouse gas nitrous 
oxide (N2O).  Depending on its source, N2O has a unique site 
preference, i.e. difference in the abundance of 15N in the 
central atom versus the outer atom of the linear N2O molecule.  
However, fractionation factors are generally determined in cell 
cultures or field settings in which the observed fractionation is 
a function of many steps (e.g. diffusion, nitrate reduction to 
nitrite, etc.).  Here we define the unique isotopic signature of 
different N2O producing enzymes, which ultimately will lead 
to an improved understanding of the atmospheric N2O flux as 
well as insight into the molecular mechanism of N2O 
biosynthesis. 
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The analysis of the degassing behavior of glass-forming 
melts and the volatile content in glasses and raw materials is 
used in glass industry to elucidate the shortcomings of glasses 
and to optimize the glass melting process. A special device, the 
Directly Evolved Gas Analysis System (DEGAS), was 
developed for this purpose (K. Heide et al. 1993).  

The technique couples thermogravimetry with mass 
spectrometry and analyses the release of volatiles during 
heating in vacuum, such as H2O, H2, hydrocarbons, CO, CO2, 
N2, HF, HCl, O2, or sulphur- and boron-containing species 
(Heide K. & Heide G. 2011; Heide K. 2012). The gas release 
profiles enable us to distinguish between pristine volatiles and 
secondary alteration products in minerals and rocks.  

DEGAS cannot only be used for the qualitative analysis of 
volatiles in natural glasses, rocks and nominal volatile free 
minerals but allows us also to quantify the gas contents of 
H2O, CO2, SO2 and O2 down to the ppm level.  
 
[1]Heide K., Stelzner Th., Hartmann E., Köhler S. . Fund. 
Glass Sci. Techn. ESG 1993 Venice 261 - 266 
[2]Heide K., Heide G. Chem. Erde 71 (2011) 305 -335 
[3]Heide K. Minerals as advanced materials II ed. by S. V. 
Krivivichev, Springer Verlag 2012 , 25 – 36 
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The Isbil strato-volcano located in the eastern part of 
Dhamar-Radá Plio-Quaternary volcanic field, SE Yemen is 
considered to be the largest well developed preserved silicic 
lavas in Yemen volcanics.  These silicic lavas represent the 
eastern  part of Isbil volcanic complex . The Isbil strato-
volcano collapsed to form a caldera rims interslicing by NNW-
SSE faults and fractures that were feeders for an cinder cones 
and silicic lava flows. In some places, a pyroclastic pumic-
flow with unsupported obsidian lithic fragments are well 
recognized. 

The study silicic lavas consist of rhyolitic obsidian with 
vesicular and laminted textures together with mixed dacite 
lavas and trachyte as well as their tuffaeous rocks. The mixed 
dacite lavas contain sanidine mantled by oligoclase that closely 
resemble rapakivi feldspars in granites. Resorption and 
mantling of sanidine by plagioclase is one of many 
disequilibrim textures in these lavas resulting from mafic-felsic 
magma interaction. 

Regardless of the exact cause of K-feldspar instability, 
texture evidence from volcanic rocks indicates that 
development of rapakivi texture is controlled by cation 
diffusion in dissolution boundary layer developed on K-
feldspar. Mantles appear to form in a two-stage process that 
involves initial epitaxial nucleation of plagioclase on sanidine, 
followed by simultaneous dissolution of sanidine and inward 
growth of plagioclase. 

Sanidine mantled by plagioclase in silicic lavas from Isbil 
volcano demonstrates a magmatic origin for rapakivi texture. 
Moreover, textural and chemical evidences indicate that these 
lavas formed by mixing of sanidine-bearing rhyolitic magma 
with basaltic andesite magma. 

 
Keywords: Silicic lavas, mantling of sanidine by plagioclase, 
rapakivi texture, Isbil Volcano, Yemen. 
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Introduction 

The effect of nitrogen dynamics on release of carbon 
dioxide and methane from tundra ecosystems is being studied 
as part of the US Department of Energy Next Generation 
Ecosystem Experiment – Arctic project.  Sampling and 
analysis of surface water and soil water from the active layer 
of the Barrow Environmental Observatory has yielded 
infrequent detections of nitrate, mostly in pore water from 
unsaturated high-centered polygons.  Nitrate has also been 
detected late in the summer in soil water immediately above 
the frost table of an ancient drained thaw lake basin (DTLB).  
Discussion of Results 

Nitrate from high-centered polygons had δ15N ranging 
from -9.2 to +8.5 ‰ and δ18O ranging from -8.4 to +1.4 ‰.  
The range in nitrate δ15N largely reflects the range in δ15N of 
snowmelt nitrate and of reduced nitrogen sources including 
ammonium, dissolved organic nitrogen and soil organic 
nitrogen.  The range in δ18O of nitrate is largely consistent with 
δ18O of soil water assuming that 2/3 of the oxygen in nitrate 
come from soil water and 1/3 comes from atmospheric O2.   No 
evidence for an atmospheric 18O signal is seen.  Following 
Ansari et al. [1], this nitrate found in high-centered polygons is 
interpreted as being largely derived from microbial 
nitrification of reduced sources of nitrogen. 

Conversely, nitrate from an ancient DTLB has an isotopic 
composition intermediate to snowmelt nitrate and nitrate 
derived from bacterial nitrification (δ15N ~ +2-5 ‰ and δ18O 
~+31 – 33 ‰).  Interestingly, this isotopic signal is quite 
similar to that of nitrate from massive ice wedges in the 
Barrow area.  It is unknown whether the nitrate in the ancient 
DTLB is derived from active permafrost degradation or 
represents a mixture of atmospheric and microbial nitrate. 

 
[1] Ansari et al (2012) Biogeochem. DOI 10.1007/s10533-
012-9761-9. 
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The Little Hatchet Mountains in Hidalgo County, New 
Mexico host one of the southern-most exposures of Proterozoic 
basement rocks in southwestern United States. Mapping in the 
southern Little Hatchet Mountains has revealed relatively 
unaltered outcrops of hornblende granite, rapakivi-textured 
biotite granite, and gabbro comingled with the rapakivi granite 
that form a 5 by 4 km pluton. The rapakivi granite is dated at 
1066±5 Ma (LA-MC-ICP/MS, U-Pb on zircon), which suggest 
affinity of the pluton to the southern Laurentian ~1.1 Ga 
bimodal magmatism. 

Geochemically the Little Hatchet granites are A-type, 
subalkaline, metaluminous to peraluminous, and save for 
minor differences, similar to the coeval (~1.08 Ga) K-series 
granites of the Pikes Peak Batholith in southern Colorado and 
the Enchanted Rock Batholith granites of the central Llano 
Uplift region in central Texas. The Nd isotope composition 
(ID-TIMS, whole-rock) of the granites (εNdi = +0.5 and +1.1) 
is more radiogenic than that of the surrounding country rock 
(εNd@1066 Ma = -0.8), which combined with the geochemical 
evidence suggests a similar lower crustal origin to the Little 
Hatchet granites as envisaged for the K-series of the Pikes 
Peak Batholith and the Enchanted Rock Batholith granites. The 
Nd isotope composition of the gabbro overlaps with those of 
the granites, but is marginally more juvenile (εNdi = +0.9 to 
+1.5), which allows for an upper mantle origin, but interaction 
with the granitic magma may have affected the isotope 
composition of the mafic magma. 

In situ oxygen (SIMS) and Hf (LA-MC-ICP/MS) isotope 
analysis of zircon from the rapakivi granite reveals a juvenile 
isotope signature (δ18O = 3.9±0.7 ‰, 2σ, n=39; εHfi = 
+3.5±2.4, 2σ, n=21) comparable to the juvenile Nd isotope 
composition. The relatively low δ18O values may reflect 
granite source enrichment by recycled oceanic crust. 
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Microorganisms are key players in all global nutrient 

cycles and therefore have a large impact on the environment. 
In order to understand how environmental changes affects 
microorganisms and vice versa it is necessary to identify the 
microorganisms and especially their metabolism. So far only a 
small percentage of microorganisms has been be cultured or 
can be  cultured by standard techniques. This leaves the need 
for new, culture-independent techniques in order to 
characterize microbial communities in situ. 

 Recently, it has been shown, that the deuterium to 
hydrogen (D/H) ratio of fatty acids reflects the core 
metabolism of microorganisms in culture [1] and the results 
from the first environmental studies seem to confirm this 
conclusion [2]. 

Here, we present the hydrogen isotopic composition of 
fatty acids extracted from cultures of environmental relevant 
microorganisms and different environmental samples. The 
culture results fit with previous results from Zhang et al. 
(2009) with fatty acids from heterotrophic organisms being 
substatially enriched in deuterium relative to the culture 
medium, photoautrophic organisms being depleted, and 
chemoautotrophic organisms being the most depleted in D. A 
seasonal study of the hydrogen isotopic composition of fatty 
acids from suspended particulate matter in the North Sea 
reveal the most D depleted fatty acids during the spring algal 
bloom and, to a certain degree, the autumn algal bloom. The 
most D enriched signal was meassured during the winter 
period. This fits with the dominance of photoautotrophic 
organisms during the algal bloom and dominance of 
heterotrophic  microbes during the rest of the year.  

 
[1] Zhang et al (2009), PNAS 106, 12580-12586 [2] Osburn et 
al (2011), GCA 75, 4830-4845 
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High-sensitivity, low-background, multi-collection noble 
gas mass spectrometers are increasingly populating the earth 
sciences community and are on the threshold of 
revolutionizing our understanding of geochronology systems. 
40Ar/39Ar measurements on the ARGUS VI mass spectrometer 
routinely provide age precision of ~0.1‰ for typical Cenozoic 
sanidines, but also yield unprecedented precision across the 
full range of geochronology samples. The combination of quiet 
and responsive Faraday collection coupled with ion-counting 
measurements provides incredible dynamic range, 
accommodating the multitude of isotopic compositions 
encountered in 40Ar/39Ar geochronology. Recent installation of 
prototype 10T Ohm Faraday amplifiers provided by Thermo 
Scientific extend the useful range for Faraday detection by a 
factor of 2-3 compared to 1T Ohm amplification. The 10T 
Ohm amplifiers are used effectively for ion beams as small as 
~10,000 cps before it becomes advantageous to make 
measurements in ion counting mode.  Coupled with 
exceptionally low mass-spectrometer background values (i.e., 
mass 36 of 7E-21 moles) the ARGUS VI can measure 
previously unrecognized scatter related to experimental and 
geological processes.  For instance, neutron flux variations 
across 2 mm irradiation pits are detectable and result in 
variable apparent ages that are solely artifacts of irradiation. 
Samples irradiated in a highly restricted geometry still have 
measurable age scatter that we suggest is related to geological 
complexities at the sub per mil level. This scatter currently 
challenges our ability to unambiguously evaluate the accuracy 
of ultra-high precision measurements because strong cases can 
be made for accepting the mean, the young, or the old 
population. Age spectrum measurements ubiquitously display 
complex patterns on single crystal sanidines of all ages, further 
contributing to the difficulty in formulating accurate geological 
interpretations. We are confident that conceptual models for 
accurate age assignment will be developed, but currently we 
lack the tools to fully utilize the power provided by ultra-high 
precision argon isotope measurements. 
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Dynamical models of planetary accretion indicate that 
Earth was assembled from a wide range of precursor materials 
whose source regions were distributed throughout the early 
solar system (e.g (O'Brien et al., 2006)). Models of their 
assembly into the planet rely on timing constraints from short-
lived radioisotope systems (182Hf-182W,107Pd-107Ag), constraints 
on physical conditions (pressure, temperature, oxygen 
fugacity) from metal-silicate element partitioning (W, Mo, Co, 
Ni, Cr, V, Si etc), and orbital parameter constraints from 
impact modelling. One class of current models invokes multi-
stage core formation with the last stage corresponding to 
oxidized, volatile-rich material added during the moon-
forming impact. This leads to the question of whether or not 
convection in the core would mix material from different 
periods of core formation or if there might be long-lived 
domains of different composition corresponding to the 
different compositions accreted to the growing Earth.  

We show from recent inversions of outermost outer core 
travel times that a compositionally distinct layer exists at the 
top of the core. The volume of this layer is approximately the 
size of the core of Mars. Thus, this outer core layer could 
plausibly be remnant core material from a Moon forming 
Mars-sized late impactor. We present a model for wavespeeds 
with varying amounts of S and O in liquid iron that suggests 
that the layer contains up to 3 wt% enrichment in S (and 1 wt% 
enrichment in O) relative to the bulk composition of the liquid 
core. This supports the idea that materials accreted at the latest 
stage of Earth formation were both more oxidized and sulfur 
rich, physically documenting the early-earth process that 
formed the core and set trace element abundances in the 
mantle. 
 
[1] O'Brien, D.P., Morbidelli, A., Levison, H.F., 2006. 
Terrestrial planet formation with strong dynamical friction. 
Icarus 184, 39-58. 
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One of the most interesting geochemical features of 

oxygen minimum zones (OMZs) is the persistent maxima in 
Fe2+ that coincides with a secondary nitrite maximum (SCM) 
at the top of the OMZ, just below the anoxic/oxic interface, 
which is a surprising feature. We suppose that Fe3+is used by a 
process, possibly involving anammox, as a terminal electron 
acceptor. The SCM also coincides with a zone of high 
microbial density. Elucidation of the processes involved in 
Fe2+ accumulation will require a combination of mechanistic 
studies, and high resolution depth profiles over different types 
of OMZs, to see what the variables are Differences are 
particularly acute in OMZs, where the oxycline is shallow 
enough to observe a deep chlorophyll maximum (DCM).  In 
this presentation, we have the opportunity to compare data 
from the Mexican OMZ sampled in 2012, and the US 
GEOTRACES EPZT cruise of 2013. Both cruises included 
stations which exhibit a DCM. The observed differences could 
result from the preferential drawdown of nitrite relative to 
Fe2+  by species like Prochlorococcus, which must use nitrite. 
Each cruise also included stations within the coastal shelf and 
had extremely high Fe concentrations. It appears under these 
conditions, that Fe2+ is decoupled from nitrite and more 
strongly associated with benthic sources of Fe. 
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Closed-system forsterite hydration leads rapidly to the 
formation of secondary talc, serpentine, brucite and Fe-oxides 
(magnetite, hematite), oxidation of Fe2+ and the splitting of 
H2O into molecular hydrogen [1, 2]. The amount of hydrogen 
generation depends on how much of the released Fe2+ that is 
oxidized and incorporated into the secondary minerals. This 
amount is not always easy to trace, and the potential for 
hydrogen generation may therefore be difficult to predict.  

We suggest to use trace metals released from olivine to 
track the rate and amount of Fe2+ released, and to compare this 
to the amount of hydrogen generated. In our first experiments 
we used the release of Zn2+ from Fo96 (Åheim mine, Norway) 
and estimated the concentration (mole fraction) in the olivine 
to be approximately 260 ppm. In our low-temperature batch 
experiments (30, 50, and 70°C) we observed a rapid initial 
leaching of Zn2+ followed by a linear release (Fig. 1a). 
Molecular hydrogen was suggested to form at the highest 
temperature, also with an initial rapid generation followed by a 
linear increase in the batch reactors (Fig. 1b) [3]. In the next 
step, we will use Henry´s  law, aqueous solution and head-
space volumes, the measured hydrogen concentraion, and the 
estimated released Fe2+ to estimate the fraction of Fe2+ oxidized 
and incorporated into the secondary minerals. 

 
 
 
  

 
 
 
 
 
 

 
Fig. 1. Batch olivine hydration experiment: (a) Zn2+ 
concentrations; and (b) gas-phase hydrogen concentration. 
 
[1] Hellevang, H. 2008. Int. J. Astrobiology 7, 157; [2] 
McCollom, T.M., Bach, W. 2009. GCA 73, 856; [3] Neubeck, 
A., et al accepted. Planet. Space Sci. 
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Many bio-essential trace elements, like Fe, Cu and Mo, 
form extremely insoluble sulfide minerals, which in principle 
could starve anoxic microbial ecosystems of critical 
micronutrients. This outcome is forestalled in part by 
formation of complexes that are soluble in sulfidic waters.  
Inorganic ligands responsible for preserving solubility include 
sulfides, poly-sulfides and thioanions.  The last have been 
largely over-looked.  New experimental data [1] as well as 
earlier studies [2] are used to explore how competition of Fe2+ 
and Cu+ for MoS4

2-, as well as competition of MoS4
2- and HS- 

for both metals would be resolved in sulfidic waters.  
Thiomolybdate ligands have little effect on Fe solubility but 
significant effect on Cu in euxinic seawater.  As(III) thioanions 
[3] will have a greater effect owing to their greater solubility, 
despite the tendency of As(III) to be oxidized to As(V) at 
intermediate H2S concentrations.  Thioanions have greatest 
impact at H2S concentrations near oxyanion-thioanion 
equivalence points, which for various thioanion-forming 
elements range over several orders of magnitude.  Higher 
sulfide favors HS- over thioanion ligands.  Inorganic clusters 
structurally related to the MoFe7S9C cluster in nitrogenase are 
conjectured to have helped catalyze prebiotic syntheses of 
life’s organic building blocks.  The new data lend no support to 
the existence of such 3-D clusters as stable dissolved species.  
Instead linear Fe-Mo-S complexes are found.  However the 
data hint that cuboidal clusters containing Mo(IV) occur as 
solids that might have been important as heterogeneous 
catalysts. 
 
[1] Helz, G.R.; Erickson, B. E.; Vorlicek, T. P. (2014). 
Metallomics, in press, DOI: 10.1039/c3mt00217a [2] Helz, 
G.R. and Erickson, B.E. (2011) Environmental Toxicology and 
Chemistry, 30, 97-102. [3] Clarke, M.B. and Helz, G.R. (2000) 
Environmental Science and Technology, 34, 1477-1482. 
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The 1959 Kilauea summit eruption was dominated by high 
lava fountains of gas-rich, primitive magma, erupted in 17 
phases over 36 days. Euhedral rims on olivine, in direct contact 
with glass, vary significantly in forsterite content, at constant 
melt composition, in all samples but those erupted in phases 
10-17.  Ferric/total iron of glass in seven 1959 scoria samples 
was analyzed using XANES to test the hypothesis that the  
variable Fo content reflects variation in oxidation state of iron 
in the coesixting melt. 

XANES analyses for 7-14 points on glass in each sample 
show significant variations in ferric/total iron, which explain 
much of  the variation in Fo. Two processes are involved: first, 
ferric/total iron variation in early-erupted samples is positively 
correlated with sulfur content of the glass (a proxy for extent 
of degassing).  Melt inclusions in phase 1 olivines are high in 
sulfur (1240-1500 ppm S), with 18.0-18.5% of the iron present 
being ferric.  Matrix glasses are degassed (S<267 ppm) with 
lower fractions of ferric iron (mostly 12.6-14.5%), though one 
outlier point has 11.5% ferric iron.  Interstitial glasses within 
clumps of olivine crystals locally show intermediate levels of 
sulfur and ferric iron.  The pattern suggests that (1) the 1959 
magma was significantly reduced by sulfur degassing during 
the eruption and (2)  primitive Kilauea melts have ferric/total 
iron  ≥ 18%.       

The second process is progressive interaction between the 
melts and atmospheric oxygen, which result in higher ferric 
iron contents. Detailed XANES traverses show gradients in 
ferric iron content of 0.155 to 0.638 over distances of 100-150 
micrometers in thin, visibly reddened matrix glass bordering 
the scoria. The matrix glasses in late-erupted samples are 
relatively oxidized, with most having 13.7-24.3% ferric/total 
iron [in spite of their being thoroughly degassed (S<134 ppm)], 
presumably because of exposure to air and re-cycling of 
oxidized scoria and lava from drainback. One final observation 
is that, of 60 XANES determinations made, none shows the 
10% ferric/total iron that has traditionally been assumed to 
represent the oxidation state of fresh Kilauea magma. 
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The Paleoproteriozoic  Malanjkhand granitoid pluton 
hosting the giant Cu+Mo+Au deposit in Central India is 
located in the northernmost peripheral part of tha Baster craton 
at the critical intersection of the ENE-WSW trending Central 
Indian Suture/Shear and the N-S aligned Kotri - Dongargarph 
Rift zone.The pluton constitute an integral part of the Kotri rift 
basin and represents the last episode of felsic to acid 
magmatism related to rift tectonics of Kotri’s extensional 
environment. 

Integrated observations of this study unequivocally 
confirm that the pluton is composed principally of two 
granitoid-phase which are geochemically distinctive, yet inter-
related- an older, grayish, mafic-facies (Pipardhar-type) which 
is hosting the mineralized quartz vein/lode and is intrusive into 
the former. Detailed geochemistry and metallogenic 
specialization of the identified granitoid-type has been worked 
out. 

The overall observations of the study contradict the 
contention of the advocates of porphyry view that both the 
grey and pink varieties of granitoid are similar and do not 
represent separate intrusions. The generation  of pink felsic-
facies granites by potash metasomatism or wall rock alteration 
, both of which are irregular and non-pervasive on the deposit 
scale , as advocated by them, is ruled out. 

Broadly common I-type and peraluminous characters, calc-
alkaline affinity,available geochemical data and late-to post 
collisional tectonic setting of both the granitoid types, reveal 
their comagmatic nature and derivation primarily from a mixed 
magma produced by anatexis at mantle depths as a result of 
upper mentle – deep lithospheric interaction . The pulsative 
nature of release effect of the ore-forming fluids from the 
fractionated granitic melts of this magma possibly accounts for 
the observed diversity of paragenetic assemblages of ores in 
the deposits . The overall observations support the “volcanic  
affiliation” of ore- forming fluids, the ore deposional process 
being an integral part of the evolutionary cycle of Kotri belt’s 
rift related activity. The geothermobarometric studies indicate 
medium temperature of formation of the younger pink granites 
in the range of 200-250 degree centigrade at approximately 
2.75-Kb pressure. 

The sources and generation of parent magma, granitic 
melts and ore-forming fluids and metallogenesis, applicability 
of porphyry model etc. have been discucssed. 
 
Keywords : Malanjkhand pluton, Kotri lift, Granite 
magmatism, Geochemical identities, Metallogenesis.  
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Introduction 

Steep, mountainous rivers draning recently uplifted 
lithology on high standing islands within the Inter Tropical 
Convergence Zone export a disproportionately high amount of 
sediment given their small area; up to 20% of global export in 
3% of the total exorheic land area [1]. Typhoons strongly 
influence climate in this region, leading to increased sediment 
discharge, hyperpycnal flow, and efficient deposition of 
terrestrial particulate organic carbon in marine sediments. If 
this material escapes menthic remineralization – as is expected 
due to the lack of a continental shelf – typhoon mediated 
export of plant-derived POC is a net atmospheric CO2 sink. 
Results and Discussion 

Here, we report results from high-resolution (~hours) 
sampling on the LiWu River, Taiwan, during three sequential 
typhoons in 2008. Using a combination of bulk carbon isotopes 
(δ13C, ∆14C), vascular plant biomarker concentrations and 
δ13C, and ramped pyrolysis radiocarbon analysis [2], we 
describe the source and age of exported POC over a range of 
discharge conditions. We show that previous results [3] 
indicating an increase in biospheric POC export during 
typhoons is an oversimplification; pre-aged soil OC 
complicates export. We offer an updated view of steep, 
mountainous rivers as a negative feedback loop to increased 
atmospheric CO2. 
 
[1] Milliman and Syvitski (1992) J Geol 100, 525-544. [2] 
Galy and Rosenheim (2012) Geophys Res Lett 39. [3] Hilton et 
al (2008) Nat Geosci 1, 759-762. 
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The nitrogen (N) cycle of the west Antarctic Peninsula 
(WAP) is susceptible to global change. Close coupling of the 
polar marine N and carbon cycles dictates that changes in N 
biogeochemistry can modulate air-sea CO2 exchange and 
therefore exert a direct ocean-climate feedback. Recent 
atmospheric and ocean warming, sea ice declines and glacial 
retreat are impacting on the chemical and biological systems of 
the WAP in complex non-linear ways, with both advantageous 
and deleterious effects. 

Unlike the high nutrient low chlorophyll (HNLC) open 
Southern Ocean, the WAP continental shelf experiences high 
chlorophyll concentrations and substantial nutrient drawdown 
in summer, particularly in coastal regions. We used a suite of 
biogeochemical and isotopic data gathered over a five year 
time-series in the WAP coastal ocean to examine changes in 
the seasonal cycling of N and other nutrients in response to 
ongoing climate change. Annual changes in N cycle processes 
were compared to sea ice, physical oceanographic and 
biological changes to elucidate the controls on and 
consequences of N cycle changes in the WAP coastal ocean. 

We found that N exhibits distinct seasonality dominated by 
new nitrate-based production during a short yet intense 
summer growing season facilitated by favourable light and iron 
conditions, and subsequent remineralisation and export of 
organic matter. This seasonal cycle, also demonstrated by P 
and Si, is closely linked to sea ice dynamics and their effect on 
upper ocean stratification, as well as variability in the 
Circumpolar Deep Water nutrient source. Marked interannual 
variability in N cycle processes was consistent with sea ice 
changes, and suggests that low ice conditions can lead to 
reduced nutrient utilisation and organic matter  production. 
This has the potential to modify nutrient budgets both 
regionally and further afield via large-scale ocean circulation. 

In light of the predicted continuation of sea ice declines at 
the WAP, the findings of this study give important insights 
into future climate-induced changes in polar marine nutrient 
cycles, ecosystem functioning and CO2 uptake. Ongoing work 
will quantify these changes as they occur and unravel the 
complex mechanisms that are crucial to predicting future 
interactions between key physical, chemical and biological 
changes underway in this climatically-sensitive region. 
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Magmatism migrated progressively westward across 
western North America in the early-late Cenozoic in response 
to Farallon slab rollback. Best known for the ignimbrite flareup, 
rollback magmatism (RM) generated voluminous, mostly 
felsic to intermediate rocks from the Great Basin, through the 
Southern Rocky Mountains, Mogollon-Datil, and Trans-Pecos 
Texas volcanic fields, to the southern Sierra Madre Occidental, 
Mexico. Despite relatively regular westward progression, RM 
had major similarities and distinct differences in composition 
and eruptive style. RM began with intermediate or effusive 
activity by ~47 Ma (GB, TPT, SMO), ≥40 Ma (MD), and 38 
Ma (SRM). Proportionally minor caldera-forming, felsic 
ignimbrites erupted as early as 46 Ma (GB, SMO). The 
ignimbrite flareup (~500-600 calderas, mostly in the SMO; 
~600,000 km3 total erupted volume of silicic magma) began 
~37 Ma, migrated southwestward in all fields, but ended or 
transitioned to variably different magmatism at different times. 
Most ignimbrites and all intermediate rocks are calc-alkaline 
with an arc geochemical signature; peralkaline ignimbrites 
erupted in SRM (25 Ma), TPT (37-32 Ma), and the northern 
SMO (30 Ma). Major ignimbrite episodes correlate across 
SRM, MD, and TPT, but gaps in caldera magmatism in those 
fields (31.4-29.3; 26.8-25.1) were times of major activity in the 
GB. Distinctive HFSE-enriched ignimbrites erupted in the GB 
at ~25 Ma. Intermediate magmatism accompanied the 
ignimbrite flareup but in different proportions in different 
fields. The ignimbrite flareup ended early in the east (28 Ma, 
TPT; 25 Ma, MD; 23 Ma, SRM) but transitioned to additional 
peralkaline rhyolites (southern GB ~16-7 Ma; northern SMO 
~12 Ma) related to development of a slab window or major 
extension. In the GB, caldera-forming eruptions ended at the 
northeast edge of the Walker Lane at 19 Ma, but intermediate 
volcanism continued westward into the ancestral Cascades arc. 
Petrogenetic interpretations of RM magmatism should consider 
its considerable variability in space and time. 
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Thermodynamic modeling is a common tool to understand 

water-rock interaction processes. Inverse modeling is 
commonly used for understanding alteration processes which 
lead to the actual fluid and/or rock composition; in contrast, a 
forward modeling approach can be used to predict reaction 
processes. In the context of CO2 sequestration, we apply 
thermodynamic forward modeling to predict mineral reactions 
which are induced by the acidification of the aquifer. 

The quality of modeling results depends on both the 
careful definition of boundary conditions and on the quality of 
thermodynamic data. The selection of relevant thermodynamic 
data is challenging because most available data cover only a 
small temperature and pressure range and have been 
extrapolated to the range of interest. Furthermore, 
thermodynamic properties for certain mineral phases (e.g. 
smectite) are lacking and thus need to be estimated [1]. Each 
thermodynamic database combines data from different sources 
which in comparison enhances the variety of results.  

Within the four year FP7 ULTimateCO2 project (2011-
2015) we used available thermodynamic data for minerals and 
aqueous species to undertake forward modeling of solubility 
experiments of clay minerals (e.g. illite). The results were 
compared to published experimental data from the 
GaMin’11(e.g [2]) and COORAL projects. Aluminum species 
are often reported to have a significant influence on mineral 
dissolution [e.g. 3, 4, 5]. Our first results imply that aqueous Al 
has only a minor influence on mineral reactions compared to 
other aqueous species such as K.   

Furthermore, comparison between experimental results and 
modeling indicates that increasing aqueous Mg-concentrations 
over time are controlled by ion exchange reactions rather than 
mineral (Mg-illite) dissolution.  
 
[1] Wolery and Jove-Colon (2007) YMP Technical Report. [2] 
Black & Haese (2012) CO2CRC Report No: RPT12-3839. [3] 
Shock et al (1997) GCA 61, 907-950. [4] Tagirov & Schott 
(2001) GCA 65, 3965-3992. [5] Blanc et al (2012) Applied 
Geochemistry 27, 2107-2116 
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Remote sensing of aerosols and their gas-phase precursors 

affords several new opportunities for improving our 
understanding of their sources and impacts.  To begin with, we 
present recent work examining constraints on sources of black 
carbonaceous aerosol using MODIS aerosol optical depth and 
absorbing aerosol optical depth from the OMI instrument.  
Different approaches for reconciling differences between the 
remote sensing algorithms’ representation of aerosol and the 
assimilation model (GEOS-Chem) are discussed.  We show 
that several recent emissions inventories for SE Asia appear to 
be broadly underestimated. We next consider top-down 
constraints on ammonia from current (TES and IASI) 
instruments. Such satellite constraints indicate large 
underestimates of ammonia emissions in California, consistent 
with constraints from airborn field campaigns. We also 
consider the potential to learn more about the mechanisms 
driving ammonia fluxes from new (CrIS) and future (geo-
stationary) retrieval opportunities.  Lastly, we present a novel 
application of MODIS aerosol optical depth for improving our 
estimate of human exposure to fine aerosol, and show that the 
combination of this technique with adjoint sensitivty modeling 
provides a valuable perspective on the health burden associated 
with emissions of aerosols and their precursors.  
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Arsenic uptake and speciation in the terrestrial plant lettuce 

(Lactuca sativa) and in the emergent plant common 
cottongrass (Eriophorum angustifolium) were studied in 
cultivation experiments followed by chemical analysis and 
speciation determination by HPLC-AAS and As K-edge 
XANES and EXAFS spectroscopy. Plants were cultivated for 
7 days in unsaturated and water-saturated alum shale-derived 
soils and water-saturated mine tailings-impacted sediments, 
containing up to 470 mg As/kg.  

EXAFS measurements of alum soil indicated As…O 
scattering lengths of 1.68Å and four nearest neighbors; the 
spectra were compared with EXAFS for HAsO4

2-(aq) standard 
solutions and confirmed that arsenic was present in the soil as 
inorganic arsenate, most likely as an adsorbed complex. The 
0.1M HCl - extractable As, which was loosely-bound and thus 
available to plants, was in the range of about 1/100 of total As 
in soil. When treated with nitrogen in order to remove oxygen, 
the arsenite content increased and arsenate decreased with 
about 25%; however, this low level of arsenite could not be 
resolved in the EXAFS spectra.  

For cottongrass grown in alum shale soils, arsenic is 
present in roots and shoots in multiple oxidation states and 
coordinates with multiple ligands. Model fits to the k3-
weighted EXAFS spectra of cottongrass roots and shoots 
indicate As O scattering lengths of ca. 1.78Å with 3.5 nearest 
neighbors, corresponding to oxygen bonding with both As(III) 
and As(V). Furthermore, a scattering length of ca. 2.2Å is 
resolved from model fits of the k3-weighted EXAFS spectra, 
agreeing with the bond length for As(III) S scattering. The 
presence of As-S species is confirmed by other studies that 
indicate that As(III) is often bound with reduced sulfur in a 
phytochelatin complex. 

For cottongrass,  ∼10% of total plant As was translocated 
to the shoots and, independent of As speciation in soil, both 
arsenate and arsenite were detected in the shoots. When 
arsenite was present in the soil, plant roots contained 
significantly more arsenate than arsenite.  
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We studied stable isotope composition of secondary 

carbonates from Calchaqui valley, Cordillera Oriental 
(Argentina). These sediments formed sinter-like calcareous 
beds up to 0.2 m tick. U-series dating of these sediments 
indicated ages 15.0-8.0 kyr. The stable isotope of carbon and 
oxygen exhibited atypically enrichment in heavy isotopes: δ13C 
= +3‰ till +5‰ and δ18O = +2‰ till +4‰, which is 
significantly higher than in Pleistocene and Holocene 
secondary carbonates in the region [1]. We considered several 
hypotheses of such isotope geochemistry: (1) very low 
crystallization temperatures, (2) unusual isotopic composition 
of parental water, or (3) relatively high evaporation. 

The strongest excursions from mean isotope composition 
(lower δ13C and higher δ18O) were dated on 11.0-10.3 kyr 
(Younger Dryas) and 9.0-8.2 kyr (‘8.2-episod’) indicating 
cooler and humid climate in these periods.  
 
[1] Gibert et al (2009) Jour. Sed. Res. 79, 554-567. 
. 
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The development and improvement of various 

measurement methods allows the analysis of ever smaller 
samples with increasing accuracy and sensitivity. It creates 
new possibilities for structural and chemical characterisation of 
materials even at nanometric resolution. In addition to these 
advantages, there are also pitfalls that can be formulated as 
questions concerning whether the results of nano-sample 
analyses are characteristic of the original material i.e. layers, 
rocks or other larger objects.  The present study discusses the 
isotopic analyses (radiocarbon (AMS) dating and stable 
Carbon isotopic composition) of dark layers occurring within 
the speleothems found in Domica Cave (Slovakia) and Rečiška 
Pečina Cave (Slovenia). The occurrence of soot aggregates 
formed by burning fragments of wood was confirmed by high-
resolution transmission electron microscopy (HRTEM) studies. 
Chemical pre-treatment was necessary for sample purification 
and effective extraction of carbon soot. The radiocarbon age of 
“clean” soot aggregates was shifted towards younger values 
compared with the lower-purity samples. Finally, an 
experiment involving burning of modern wood was performed. 
The radiocarbon content and Carbon stable isotopic 
composition in different combustion products was compared 
and discussed. 
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The oxygen fugacity (fO2) determined by analysis of 

planetary basalts provides a mechanism to infer the redox 
states of planetary mantles. Whereas the Earth’s interior may 
be readily investigated, studies of other terrestrial planet 
interiors rely on planetary samples, especially meteorites. 
Nevertheless, comparative studies provide insights into 
planetary interior formation and evolution. 

The fO2 of basalts and other eruptives on Earth, coupled 
with constraints on mantle source redox conditions (e.g., bulk 
V/Sc [1]) demonstrate that the range of asthenospheric fO2 is 
relatively restricted and that the fO2 of eruptives is influenced 
by tectonic setting (review by [2]). 

Although biased towards young, relatively 
unaltered/unweathered igneous eruptives [3], the ~50 
shergottites (martian basaltic meteorites) provide constraints 
on the redox conditions of their mantle sources. In general, the 
REE and radiogenic isotope geochemistry of the shergottites 
can be explained by early (~4.5 Ga) formation of incompatible 
element enriched and depleted reservoirs in their mantle 
sources (review by [4]). Correlative with long-term 
incompatible element enrichment is higher fO2 [e.g., 5]; in 
general, the correlation holds (often represented by La/Yb vs. 
fO2). However, olivine-bearing shergottites (those with olivine 
phenocrysts or oikocrysts) trace a trend with steeper slope in 
La/Yb vs. fO2; furthermore, bulk V/Sc correlates with fO2, with 
olivine-bearing shergottites forming a distinct suite relative to 
the remaining basaltic shergottites. These observations suggest 
that the olivine-bearing shergottites are derived from a distinct 
set of mantle sources.  

Taken with recent results of in situ analysis of Gusev 
basalts [6], it is apparent that Mars’ mantle may be 
characterized by early-formed ‘redox reservoirs’ that have 
escaped remixing. The Earth and Mars thus represent 
contrasting examples of planetary interior evolution. 

 
[1] Lee C.T.A. et al (2005) J Petrol., 46, 2313-2336. [2] Herd 
C.D.K. (2008) Rev. Mineral. Geochem., 68, 527-553. [3] 
Walton E.L. et al (2008) GCA, 72, 5819-5837. [4] McCoy T.J. 
et al (2011) PNAS, 108, 19159-19164. [5] Herd C.D.K. (2003) 
M&PS, 38, 1793-1805. [6] Schmidt M.E. et al (2013) EPSL, 
384, 198-208. 
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The Tagish Lake meteorite fell January 18 2000 onto a 

frozen lake surface northern British Columbia, Canada. 
Samples of the meteorite were recovered within a week of the 
fall and kept frozen and untouched by hand. As the meteorite is 
a unique and especially carbon-rich carbonaceous chondrite 
[1], the circumstances of its fall and recovery represent a 
unique opportunity to gain insights into the origin and 
evolution of organic matter in the early Solar System.  

The pristine nature of Tagish Lake requires a special 
facility in which the meteorite may be processed while 
minimizing oxidation and/or loss of volatile organic 
components. We have established a facility that consists of a 
state-of-the art Ar gas glove box, housed within a -20 °C 
controlled environment chamber. The Ar gas is purified with 
an MB 20 G gas purifier (MBraun, Inc.) and continually 
recirculated. A Class 1000 clean room serves as a room 
temperature anteroom and source of clean air for the chamber. 
Samples may be studied or processed in either an inert 
atmosphere (in the glove box) or in cold air (in the chamber), 
depending on the nature of the sampling required.  
Establishing baseline contaminant levels 

We have carried out a suite of tests in order to establish the 
baseline levels of compounds of interest, before the facility is 
used to process Tagish Lake specimens. Some significant 
findings include the diminishing of volatile compounds (e.g., 
styrene and aniline) in the glovebox atmosphere under normal 
operating conditions (-15  to -20 °C) relative to room 
temperature, and poor elasticity of HypalonTM gloves under 
standard operating conditions [2]. However, the facility has 
now been successfully used to sample previously unstudied 
Tagish Lake specimens.  

The cryogenic facility at the University of Alberta is 
unique. Beyond enabling more detailed study of the Tagish 
Lake meteorite, the facility provides insights into the use of 
cryogenic methods in the curation and handling of pristine 
planetary samples. 

 
[1] Grady M.M. et al (2002) M&PS, 37, 713-735. [2] Hilts 
R.W. et al. (2013) M&PS, 48 (Suppl.), Abstract #5317. 
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While numerous studies exist on the petrology, structure 

and geochemistry of serpentinites, geochronological analysis 
remains elusive because they lack minerals with well-
established dating techniques. With technological advances in 
radiogenic isotope analysis in the past decade, it is now 
possible address the timing of serpentinization by dating the 
growth of magnetite that forms as a direct result of the 
breakdown of olivine and pyroxene in the presence of water. 
This study presents a (U-Th)/He-based method that is tailored 
for analyzing magnetite formation in serpentinites.  

Although magnetite (U-Th)/He dating has been proven as a 
viable geochronometer in basaltic to intermediate volcanic 
rocks [1], refinement of the technique has highlighted the 
importance of screening magnetite to ensure suitability for 
dating in light of skeletal or complexly intergrown magnetite. 
The application of High Resolution X-Ray Computed 
Tomography (CT) provides a non-destructive method to 
visualize the internal structure of a sample in 3D. Internal 
visualization is critical for opaque minerals to screen for 
inclusions or intergrowths that can affect parent and daughter 
nuclide distribution, and diffusion domain size. CT scanning of 
individual grains and whole-rock specimens was coupled with 
thin section and Scanning Electron Microscope (SEM) Energy 
Dispersive Spectroscopy (EDS) analyses in order to fully 
characterize the petrographic context of magnetie in 3D and 
assess their suitability for (U-Th)/He dating. Refined 
laboratory techniques for He extraction, grain dissolution and 
U, Th measurement greatly improve the recovery of low [U], 
[Th] and [He] in ultramafic samples.  This method is piloted 
with a case study using magnetites from serpentinites in an 
exhumed high-pressure, low-temperature metamorphic terrane 
on Syros Island, Greece. Magnetites from this unit reveal 
reproducible middle Miocene ages in agreement with zircon 
(U-Th)/He cooling ages. The ability to temporally constrain 
serpentinization with magnetite (U-Th)/He has the potential to 
not only provide an additional t-T constraint on the 
exhumation of HP-LT terannes, but to address a critical gap in 
the current understanding of the role of serpentinization as a 
thermal, mechanical and chemical process that progressively 
modifies the mechanical nature of plate boundaries. 
 
[1] Blackburn (2007) EPSL 259, 360-371. 
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The Chilean Frontal Andes (28°- 31°S) comprises a vast 
number of late Paleozoic – Triassic granitoids which give 
information about the last stages of Pangea assemblage. 
Previous studies determined two tectonic configurations during 
this time: subduction related compressional setting (late 
Carboniferous – Late Permian) and non-subduction post-
collisional extensional setting (Late Permian – Triassic). 
However, new O-Hf and Re-Os isotopic data along new U-Pb 
SHRIMP ages in zircon, and whole rock major and trace 
geochemistry have shown that this model should be modified. 
δ18O values indicate a strong change in the tectonic 
configuration approximately 270 Ma (earliest middle Permian) 
and thus, units can be divided into 2 mayor groups: late 
Carboniferous to earliest middle Permian and middle Permian 
to Triassic. The oldest group shows slightly low values of εHfi 
with high δ18O, indicating an supracrustal component and the 
addition of less radiogenic continental-like material, which 
along significant residence time (TDM2: Mesoproterozoic) can 
be interpreted as magmas formed at depth in a subduction-
related continental arc with normal-to-thickened crust, and 
contaminated with supracrustal material and/or oceanic 
sediments transported through the subducted slab to the 
mantle-wedge. Subsequently, middle Permian – Triassic rocks 
show a wider range of εHfi values with relatively low, mantle-
like δ18O and low γOs, with some samples caracterized as A-
type granites, indicating a source of magmas without the 
addition of supracrustal material for some plutons, whilst for 
others, a slight input. This data can be interpreted as rocks 
formed as the result of melting of an old thinned mafic in an 
extensional setting due to changes in the slab configuration 
during the last stages of Pangea assemblage.  
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Current levels of atmospheric CO2 and CH4 are the highest 

since records began and still increasing, mostly due to 
emissions from anthropogenic activities. These emissions have 
modified the biogeochemical cycling of C and are believed to 
impact the Earth’s climate. Modification of the surface 
environment has had major impact on greenhouse gas 
emissions, notably roads, gas distribution pipelines and 
landfills. Long-term monitoring of near-surface air masses can 
be used to discern trends in CO2 and CH4, and identify sources. 

CO2 and CH4 since 2000 at the suburban RHUL site vary 
on daily, seasonal and annual time scales. Daily cycles vary 
with daylight and temperature, which influence the degree of 
vertical mixing and surface fluxes. Fossil fuel use and 
combustion processes are higher during weekdays than at 
weekends and this is clearly observed in the CO2 record. 
Analysis of air mass back trajectories and meteorological data 
for eight wind sectors shows that the highest mixing ratios of 
both gases are recorded for the E and NE sectors, representing 
anthropogenic emissions from the London conurbation. The 
lowest mixing ratios were recorded for the S and SW 
‘background’ sectors.  

An averaged annual CO2 increase of 2.45 ppm yr-1 from 
2000 to 2012 represents a higher rate of increase than the 
observed global trend due to high regional anthropogenic 
emissions. Over the same period the CH4 mixing ratio 
remained relatively steady, despite a sharp increase in the 
global growth rate since 2007, reflecting a decrease in regional 
emissions due to better landfill and gas distribution practices.  
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Coccolithophorid algae play a key role in the biological 
pump and therefore the oceanic uptake of atmospheric CO2, as 
they are the main drivers of the carbonate counter pump. 
Future responses of coccolithophorid algae under elevated 
atmospheric CO2 concentration scenarios are unknown, as 
most studies to date have focused on short-term laboratory 
experiments. It is of key importance to understand the interplay 
between this algal group and atmospheric CO2 concentration 
on geological timescales, especially when CO2 concentrations 
were higher than today.  

Bolton and Stoll (2013) [1] reported the long-term 
appearance of stable isotope vital effects in coccolithophore 
calcite in the Caribbean Sea (ODP site 999) over the last 15 
Ma. These authors infer, based on an inverse model, that δ13C 
vital effects appeared as a result of the reallocation of carbon 
(HCO3

-) from calcification to photosynthesis after ~7 Ma in 
response to decreasing aqueous CO2 concentrations in tropical 
waters. Here, we model various proxy datasets from the same 
ODP site using a model of cellular cabon fluxes. We evaluate 
the interplay between CO2 concentrations and coccolithophorid 
physiological responses from 14 to 4 Ma. Our simulations 
reveal that under specific scenarios (e.g. decreasing CO2 
concentrations with time and variable growth rates), only a 
large change in the relative allocation of HCO3

- to 
photosynthesis versus calcification affects the carbon isotope 
fractionation during calcification (ɛcal) after 7 Ma. In contrast, 
substantial effects on the carbon isotope fractionation during 
photosynthesis (ɛp) only occur when CO2 concentrations 
decrease in combination with an increase in algal growth rates 
and a substantial amount of HCO3

- diverted to the chloroplast. 
Our model reveals a high sensitivity of ɛp to growth rate 
changes. This highlights the importance of taking into account 
algal physiology when reconstructing pCO2 from the 
geological record, and undescores the limitations of the 
alkenone δ13C paleobarometer. 

 
[1] Bolton & Stoll (2002), Nature 500, 558-562.  
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Releases of carbon dioxide (CO2) and methane (CH4) from 
tundra soils are likely to change as Arctic environments adapt 
to changing climate. Understanding geochemical controls on 
these shifts in microbial CO2 and CH4 production is important 
for modeling land-atmosphere climate feedbacks. In this study, 
seasonal patterns of aqueous geochemistry were evaluated by 
sampling surface and pore waters from the Barrow 
Environmental Observatory (BEO) in northern Alaska. Water 
samples collected in early and late summers were analyzed for 
concentrations of solutes and dissolved gases. Dissolved 
organic carbon (DOC) was investigated with a suite of 
analytical techniques including X-ray absorption spectroscopy.  

Soil pore waters were characterized by sharp vertical 
gradients with solute concentrations increasing with depth. In 
both surface and soil pore waters, DOC and ferrous Fe(2+) 
were dominant ionic species. Fe-DOC complexes were highest 
in saturated organic horizons, suggesting that microbial 
reduction of DOC-complexed ferric species may serve as a 
primary electron acceptors driving organic respiration in 
oxygen-limited areas. Pore waters also contained abundant 
carboxyl-containing organic molecules, including acetate and 
formate which can serve as substrates for methanogenesis and 
anaerobic Fe(3+) reduction. Indeed, both methanogenesis and 
Fe(3+) reduction were observed in complementary incubation 
studies of these tundra soils.  

Dissolved CO2 concentrations decreased during the 
summer and increased only slightly with depth; however, CH4 
concentrations increased significantly with depth and were 
highest near maximum thaw depth in late August. 
Additionally, CH4 increased with increasing Fe across nearly 
all pore waters, indicating that hot spots of Fe reduction and 
methanogenesis were collocated. Results of this work will help 
elucidate sources, rates, and geochemical controls of C fluxes 
from tundra soils and can be integrated with modeling efforts 
to predict feedbacks to warming climate. 
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The relative importance of lignin toward stabilized soil 
organic matter has been a subject of much debate, with early 
paradigms based on presumed recalcitrance replaced by more 
recent studies in surface soils that suggest turnover times 
similar to bulk organic matter. A primary tool in these studies 
has been alkaline CuO oxidation in which soils are subjected to 
high temperatures and 2N basic conditions, which is assumed 
to extract all lignin from mineral soils. However, we conducted 
an experiment using plant litter leachates sorbed to various 
minerals to demonstrate that even the hot alkaline conditions 
of CuO oxidation are insufficient to extract all lignin. This 
irreversible lignin (determined by difference) is almost 
certainly more stable than the measured lignin in previous 
turnover studies, and compositionally quite distinct from either 
the parent litter leachates or what can be measured on the 
sorbed systems. Further, our optical characterizations of the 
leachate (carbon-specific absorbance in the UV range as a 
proxy for aromaticity) indicate that lignin may be more 
broadly representative of aromatic compounds in general, and 
perhaps all surface active compounds. This has clear 
implications for deep-soil organic carbon as sorption of 
dissolved organic matter leached from upper layers is a 
primary mechanism for building up and stabilizing deep-soil 
carbon stores, namely that lignin and other aromatics may 
become increasingly important toward soil organic matter 
stabilization with depth, even if we cannot directly measure 
them. 

 



 Goldschmidt2014 Abstracts  

 

980 

980 

Validation of extraction and clean-up 
methods for compound-specific 
carbon stable isotope analysis of 

organochlorine pesticides in complex 
matrices 

SARA HERRERO-MARTÍN1*, NATALIJA IVDRA1,2,  
SARAH HEINICKE1 AND ANKO FISCHER1,2 

1Department of Isotope Biogeochemistry, Helmholtz Centre 
for Environmental Research (UFZ), Permoserstrasse 15, 
D-04318 – Leipzig, Germany 

2Isodetect GmbH, Deutscher Platz 5b, 04103, Leipzig, 
Germany  
(*correspondence: sara.herrero-martin@ufz.de) 

 
Compound-specific stable isotope analysis (CSIA) has 

demonstrated to be an efficient tool to understand sources and 
transformation processes of various pollutants in the 
environment. However, complex matrices such us soils and 
biota have been barely investigated by CSIA yet due to 
challenges for sample preparation and chromatographic 
separation of target compounds from interfering substances. 

Therefore, efficient extraction and clean-up procedures, 
which do not impart changes on the isotope ratio of the target 
compounds, need to be applied for accurate and precise isotope 
analysis. We performed a comprehensive evaluation of pre-
treatment methods for CSIA of Hexachlorocyclohexanes 
(HCHs), p,p’-Dichlorodiphenyl-trichloroethane (DDT) and 
their chlorinated metabolites in soil and in fish oil samples.  

As regards to soil samples, we evaluated user- and 
environmentally friendly extraction methods including the 
Quick, Easy, Cheap, Effective, Rugged and Safe procedure 
(QuEChERS), Ultrasonic Assisted Extraction (USE) and 
Focused Ultrasonic Extraction (FUSE), as well as clean-up 
methods including sulfuric acid and Florisil® clean-up 
proceds. All optimized methods showed to be compatible with 
CSIA, with good recoveries and negligible changes in carbon 
isotope ratios of the target compounds.  

In the case of fish oil samples, we tested a lipid oxidation 
procedure using sulfuric acid, followed by solid phase 
extraction (SPE) clean-up with silica, and pre-concentration of 
the organic extract by solvent evaporation. The recoveries of 
the target compounds were higher than 60 % and the induced 
isotope effects are under evaluation. 
This study will provide the analytical pre-requisite to apply 
CSIA for identification of sources, assessment of degradation 
of HCHs, DDT and their chlorinated metabolites in 
contaminated soils, and for evaluation of bioaccumulation in 
the food chain.  
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One major challenge for application of compound specific 

isotope analysis (CSIA) is the analysis of trace levels of 
organic compounds in environmental matrices. Hence, 
efficient extraction and pre-concentration techniques have to 
be integrated with gas chromatography (GC)-  isotope ratio-
mass spectrometry (IRMS). 

In this study, the novel coupling of a headspace 
autosampler (HS) with a programmed temperature vaporizer 
(PTV), allowing large volume injection of headspace samples, 
is combined with CSIA. This automatic, fast and solvent free 
strategy provides a significant increase on the sensitivity 
maintaining the simple headspace instrumentation.  

The method was optimized for the multi-element isotope 
analysis (δ13C and δD) of volatile organic groundwater 
pollutants (methyl tert-butyl ether (MTBE), benzene, toluene, 
ethylbenzene and o-xylene (BTEX)), and for carbon isotope 
analysis of chlorinated benzenes and ethenes. It was possible to 
inject up to 5mL headspace sample with no significant isotopic 
effects. The increment on sensitivity was at least 20 times from 
static-HS analysis. The Detection Limits (DLs) for δ13C were 
from 2 to 60 μg/L, which is within the same order of 
magnitude, or slightly higher than the best reported by Purge 
and Trap (P&T) [1]. To the best of our knowledge, this is the 
first study reporting DLs for δD of BTEX (60-100 μg/L). The 
DL for δD of MTBE was 50 μg/L, which is in the same order 
than previously reported by P&T [2]. With the objective to 
further increase the method sensitivity, we are testing the 
multiple injection of up to 6 aliquots of headspace sample with 
very promising results. 

The environmental applicability of the HS-PTV-GC-IRMS 
method was evaluated by the analysis of groundwater samples 
from different contaminated field sites. 
 
[1] Jochmann, M.A., et al Rapid Communications in Mass 
Spectrometry, 2006. 20(24): p. 3639-3648; [2] Kuder, T., et al 
Environmental Science & Technology, 2005. 39(1): p. 213-
220. 
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A variety of phases preserve a record of volatile elements 
present during the evolution of a rock that may otherwise be 
lost during eruption or exhumation. Examples include trapped 
melt inclusions in volcanic materials, their nominally 
anhydrous hosts (at trace levels), and hydrous minerals such as 
apatite, amphibole, and mica. The crystal structure of 
cordierite includes channels that are known to contain high 
(relative to nominally anhydrous minerals) concentrations of 
H2O, CO2, and N2 (as well as noble gasses and sodium). We 
explored select samples, finding a large range in the H, C, and 
N signals by secondary ion mass spectrometry (SIMS). These 
signals were quantified via samples characterized by FTIR [1] 
and synthetic SiAlON glasses. Lake Co. An62 served as a 
blank. 

SIMS analyses used a primary beam of O- (10nA; impact 
energy of 21.5 keV) focused to ~20 µm in diameter. Positive 
secondary ions were accelerated to 9000V. High mass 
resolution was used to remove all interferences on 14N+. E-
probe analyses used routine techniques. 

The results show a range in Mg/(Mg+Fe) from 0.62 to 
0.95. Most cordierites were low in Na2O (<0.4 wt.%) except 
for one high sodium sample containing nearly 2 wt.%. The 
H2O contents ranged from 0.9 to 2 wt. % and the CO2 
concentrations varied from 0.07 to >2 wt. %. All 
measurements for nitrogen (as elemental N, ppm) were greater 
than the background as defined by Lake Co. plagioclase, and 
ranged from tens of ppm to nearly 200 ppm. 

Nitrogen is bimodal in cordierites. We observe either a few 
tens of ppm or >100 ppm N. Given the limited sample suite, 
nitrogen is apparently positively correlated with CO2 (except 
for one sample from a sapphirine-bearing, meta-anorthosite 
rock from Fiskenaessat, Greenland), and negatively correlated 
with H2O. Bulk analyses of cordierite also show ~bimodal 
behavior: <10 or 100-350 ppm N [2]. 

Our measurements of natural silicate glasses (rhyolite 
obsidian & basaltic glass) show undetectable N (<30ppm). 
Experimental glasses (containing some trapped air in the 
capsule?) contain N well above background. We suggest that 
most experimental samples contain nitrogen, but cannot 
comment on the role of this element in high P, T experiments. 
 
[1] Am Min 75 (1990) 71 [2] Chem Geol 281 (2011) 211 
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We present the first isotopic evidence for giant impactor 
material in lunar rocks. The Moon presumably formed from 
the debris of a giant collision between two proto-planets 
(‘giant impact hypothesis’). Most numerical models of the 
collision predict that the Moon dominantly formed from 
impactor material. Thus, the Moon should inherit the isotopic 
composition of the impactor. So far, however, no isotopic 
difference between the Earth and the Moon has been resolved. 

 
We have measured the triple oxygen isotopic composition 

of APOLLO basalts using an improved protocol [1]. We show 
that the Δ17O isotopic compositions of lunar APOLLO basalts 
is elevated by 12 ± 3 ppm relative to the Earth. We also show 
that enstatite chondrites (EC) comprise an even higher Δ17O of 
51 ± 6 ppm relative to the Earth. Thus, EC cannot be the sole 
building blocks of the Earth. Instead EC may resemble the 
composition of the giant impactor. If so, the Moon may be 
composed of ~40% impactor material, consistent with recent 
numerical models of the collision [2,3].  

 
In an alternative scenario the lower Δ17O composition of 

the Earth could reflect a late veneer with low Δ17O. Addition 
of 0.5% carbonaceous chondrites would be sufficient to lower 
the Δ17O of silicate Earth by 12 ppm. 
 
[1] Pack and Herwartz (2014) EPSL 390, 138-145 [2] Ćuk and 
Stewart (2012) Science 338, 1047-1052. [3] Canup (2012), 
Science 338, 1052-1055.  
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The Radiochemistry Annex, a new state-of-the-art 

laboratory to facilitate the application of advanced analytical 
methods to the study of samples containing radionuclides, has 
been established at EMSL, the Environmental Molecular 
Sciences Laboratory, a U.S. Department of Energy Office of 
Biological and Environmental Research user facility located at 
Pacific Northwest National Laboratory in Richland, 
Washington. It supports world-class research in the biological, 
chemical and environmental sciences to provide solutions to 
the U.S.’s environmental challenges. EMSL's distinctive focus 
on integrating computational and experimental capabilities, as 
well as collaborating among disciplines, yields a strong 
synergistic scientific environment.  

Critical determinants of radionuclide mobility are 
oxidation state, chemical speciation, and formation of surface 
and aqueous complexes. Understanding how environmental 
conditions impact these determinants is key to predictive 
modelling of radionuclide fate and transport in environmental 
systems as well as stability of wasteforms. Unfortunately, the 
application of new advances in molecular characterization to 
radiochemistry, particularly in the area of evaluating the 
importance of interfacial processes, has lagged behind other 
areas of environmental science due the need for dedicated 
equipment and facilities for such studies, and the fundamental 
difficulties of observing molecular level processes for 
radionuclides that are often present in very minor amounts in 
the interfacial region of bulk wastes or geologic materials.  

A major objective of EMSL’s Radiochemistry Annex is to 
provide a specialized environment where scientists can apply 
advanced experimental resources for imaging and spectroscopy 
to studies of radionuclides in environmental samples and waste 
forms. The user facility consists of approximately 6000 sq ft of 
lab space for NMR, EPR, XPS spectroscopies and AFM, EMP, 
FIB/SEM, SEM, and TEM imaging. Together with NWChem, 
EMSL’s premier computational modelling code, users are able 
to address radionuclide systems from both experimental and 
computational vantage points. An overview of research 
projects and science areas ideally suited to the capability will 
be provided as well as modes of user access. 
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The focus on ecosystem stress and climate change is 
currently relevant as researchers and policymakers strive to 
understand the ecosystem consequences of climate change. 
Successful development of chemical/molecular profiles that 
link soil microbiology with soil carbon to ascertain soil 
vulnerability and resilience to climate change would have great 
impact on assessments of soil ecosystems in response to global 
climate change. Additionally these integrated signatures could 
be used to support the design of sustainable agricultural and 
food/energy crop security practices.  

It is known that the structure and function of the native 
microbial community is intimately linked to soil carbon by 
both the deposition of new soil carbon and respiration of 
existing soil carbon as part of the terrestrial ecosystem carbon 
cycle. We are in the process of developing tools to assess the 
vulnerability of the soil carbon reservoirs to changing climate 
conditions and the impact on microbial community structure 
and function by integrating the key chemical and molecular 
signatures of the microbial community and soil carbon 
chemistry.  

We demonstrate this approach using a 17 year reciprocoal 
transplant experiment in which soil cores were relocated 
between cooler-moister and hotter-drier conditions along an 
elevation gradient in Eastern Washington State. We have 
recently re-sampled this experiment to determine the long-term 
effects of this environmental change on the carbon 
biogeochemistry using high resolution mass spectometery of 
soil organic matter and on the microbial community using 
genomic and enzyme assays and present unique perspective of 
how long-term climate manipulation can impact the microbial 
and soil carbon aspects of ecosystem robustness. 
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Naked forearcs, such as in the Izu Bonin Mariana system, 
are a unique window into the structure and development of the 
crust. JAMSTEC Shinkai diving in the S. Mariana forearc 
retrieved three amphibolites from an area dominated by 
peridotite. In this study, we explore the geochemistry and 
geochronology of these rocks and recover information about 
their origin and path to the collection site. This information has 
ramifications for the tectonic evolution of the IBM system and 
the fate of crust in oceanic terranes. 

The recovered samples are a garnet amphibolite and two 
epidote amphibolites.  The epidote amphibolites have trace 
element compositions similar to enriched MORB, whereas the 
garnet amphibolite is either a residue after melting or crystal 
cumulate.  There is little to no evidence for the involvement of 
sunducted fluids in the genesis of any of these samples. Sm-
Nd, Lu-Hf, and 40Ar-39Ar ages of the garnet amphibolite 
indicate ascent and cooling at 25 Ma. The high Lu/Hf ratio in 
the garnet amphibolite result in anomalously high bulk rock 
176Hf/177Hf  ratios. Comparing the Hf and Nd isotopic values to 
those of oceanic basalts suggests a Mesozoic model age of 
original crystallization. This rock has an Al-in-hornblende 
peak pressure of 1.5 GPa. 

We interpret the amphibolites to be the foundered and 
metamorphosed remains of crustal roots from Cretaceous-aged 
terranes around the IBM that ascended due to complex mantle 
dynamics in the S. Mariana Forearc around 25 Ma, coeval with 
the opening of the Parece-Vela Basin.  
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Most eucrites have basaltic composition and represent lava 

flows or shallow intrusions from a differentiated parent body, 
possibly asteroid 4 Vesta.  Chronological information of 
eucrites provide important constraints of the evolutional 
history of the eucrite parent body (EPB).  Although many 
isotopic studies have been conducted by several kinds of 
geochronometers using decay systems with long-lived and 
short-lived radioisotopes to understand the processes of 
accretion, core formation, mantle differentiation, and the 
formation of primary basalts on the EPB [1-4], the exact time-
scales for eucrites petrogenesis are still unclear.   

In this study, systematic isotopic analyses of Sr, Ba, Ce, 
Nd, Sm and Gd were performed on eight eucrites for better 
understanding of differentiation on the EPB.  87Sr, 138Ce, 142Nd, 
and 143Nd   include radiogenic components, and their isotopic 
variations correlate with Rb/Sr, La/Ce and Sm/Nd elemental 
ratios, respectively.  Most previous Ba isotopic studies of 
meteorites focused on the variation of r- and s-process 
nucleosynthetic components due to additional inputs in the 
early solar system.  135Ba and 137Ba isotopes are sensitive to s- 
and r-process variations, and often have deficits and/or 
excesses in chemical separates in carbonaceous chondrites due 
to the existence of presolar grains. However, in case of 
eucrites, there are no isotopic variations of all Ba isotopes. Sm 
and Gd isotopic compositions of the eucrites show the 
variations of 149Sm- 150Sm and 157Gd- 158Gd caused by neutron 
capture reactions due to cosmic rays irradiation.  These Sm and 
Gd isotopic shifts correspond to the neutron fluences ranging 
from 3.2 to 6.1x1015 n cm-2.  Systematic isotopic data obtained 
in this study provide a hint to understand the evolution 
processes of differentiated meteorites.  
 
[1] Lugmair and Shukolyukov (1998) GCA 62, 2863-2886. [2] 
Misawa et al (2005) GCA 69, 5847-5861. [3]Srinivasan et al 
(2007) Science 317, 345-347. [4] Quitté et al (2011) GCA 75, 
7698-7706.  
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Leakage of volatiles from the mantle to the surface in 
faulted regions of the crust can be recognised and quantified 
using He-isotopes [1]. Here, we report He-isotope and 
abundance results of 2 new  regional surveys of groundwaters 
and geothermal fluids along the San Andreas Fault System 
(SAFS) targeting (a) southern California (Coachella Valley, 
San Bernardino and the Salton Sea) and (b) central California, 
between Hollister and Parkfield. Together with prior results 
from Big Bend [2], we now have extensive coverage of the 
SAFS over segments of the fault characterised by different slip 
rates. All He data are accompanied by CO2 data (δ13C and 
abundances) enabling calculation of mantle CO2 fluxes to the 
surface. 

The highest 3He/4He values in southern California obtained 
in close proximity (± 5 km) to the fault trace are 2.2RA (Salton 
Sea), 1.7RA (San Bernardino) and 0.97 RA (Coachella) whereas 
the highest value in central California is 1.3 RA. The CO2/3He 
ratios at all locations are generally  > 1011, with δ13C being 
variable, from -7 to -16 ‰ (vs. VPDB). All fluids are 
supersaturated in He and CO2. 

The coupled He-CO2 systematics reveal that mantle-
derived volatiles are emitted throughout the strike of the SAFS. 
Mantle-derived CO2 constitutes 0.5-1.5% of the total CO2 
whereas up to 25% of the total He is mantle-derived. Using the 
approach of Kennedy et al. [3], we calculate mantle fluxes of 
both species. In southern California, CO2 and 3He fluxes (in 
mol/yr/km) at all fault segments are low: < 200 and  < 0.3, 
respectively, in comparison to the Big Bend and the Hollister 
and Parkfield segments. However, there is an intriguing 
positive correlation between mantle CO2 and 3He fluxes and 
fault activity, as gauged by slip rate, particularly for the 
southern segment of the SAFS. We discuss the possibility that 
super hydrostatic pressure at depth along the fault – maintained 
by high CO2 fluxes – increases permeability which, in turn, 
influences the variations in seismicity seen  along the strike of 
the fault.    
 
[1] Hilton, Science, 2007; [2] Kulongoski et al Chem. Geol., 
2013; [3] Kennedy et al Science, 1997. 

 
. 
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The soil carbon stock of the northern high latitudes is 

approximately double the carbon content of the pre-industrial 
atmosphere, and represents atmospheric carbon dioxide (CO2) 
sequestered during the Holocene and Pleistocene [1]. Erosion 
can mobilise this biospheric organic carbon (OC) and supply it 
to rivers [2]. If a fraction escapes oxidation during fluvial 
transport, its delivery to marine sediments in the Arctic Ocean 
may act as a CO2 sink over geological timescales. However, 
the source, flux and fate of particulate OC in major rivers at 
high latitudes is very poorly constrained. Here we address this 
issue in the Mackenzie River Basin, the main contributor of 
clastic sediment to the Arctic Ocean [2]. Collecting sediments 
across river depth profiles, we measure radiocarbon (Δ14Corg), 
stable isotopes (δ13Corg) and element ratios (N/C) to determine 
the source of bulk particulate OC. Rock-derived OC is an 
important component (~20%), and we use an end-member 
mixing analysis to isolate its contribution. After doing so, we 
find that erosion mobilises significantly aged biospheric OC. 
The youngest biospheric OC transported by rivers has resided 
in the basin over several millennia (3-4 ka), while the oldest 
pool (6-8 ka) corresponds to the age of rapid peatland 
expansion [1] and suggests widespread erosion of ancient soil- 
and permafrost-derived OC in this basin. By comparison, large 
Eurasian Arctic rivers mostly transport dissolved OC which is 
young (<60 yrs) [3] and so we find that the Mackenzie River 
dominates the delivery of ancient, soil-derived biospheric OC 
to the Arctic Ocean. Sediment cores offshore suggest that the 
ancient terrestrial OC delivered by the Mackenzie River is 
preserved efficiently in marine sediments [4]. Rather than 
acting as a CO2 source, erosion of Arctic soils during high 
latitude warmth may act to sequester CO2 over 104-105 years. 
 
[1] MacDonald et al 2006, Science, 314; [2] Macdonald et al 
1998, Mar.Geol. 144; [3] Raymond et al 2007, Global 
Biogeochem. Cycles, 21; [4] Goñi et al 2013, J Geophys. Res. 
Oceans, 118.  
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The Tagish Lake meteorite consists of several different 

lithologies that exhibit varying degrees of parent body 
hydrothermal alteration. Through leeching regimens with polar 
and weakly polar solvents, and by employing GC-MS 
techniques, we found within the extracts several different 
classes of soluble organic compounds, ranging from highly 
polar monocarboxylic acids, amino acids and phenols, to 
essentially non-polar aliphatic and aromatic hydrocarbons. The 
differences in both the concentrations and the classes of 
soluble polar organic species across the four lithologies studied 
are likely the result of varying degrees of oxidative 
hydrothermal alteration of primordial insoluble organic matter 
(IOM). The amino acids found in the water extracts, by 
contrast, are probably derived from small precursor molecules, 
such as aldehydes and ketones, via aqueous-based reactions 
within the parent body, as per the Strecker-cyanohydrin 
synthesis, [e.g., 1]. Monocarboxylic acids, which are present in 
relatively high abundances in our Tagish lake specimens, could 
have served as the construction material for pre-cellular 
membranes on the early earth, while amino acids, via 
polymerization,could have produced the essential proteins 
needed to generate primitive celluar machinery . 
 
[1] Botta, O., and Batta, J.L. 2002. Surveys in Geophysics, 23, 
411-467 
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Movement of intermediate waters play an important role in 
global heat and carbon transport in the ocean and changes in 
their distribution are closely tied to glacial-interglacial climate 
change. Coupled radiocarbon and U-Th measurements on 
deep-sea Desmophyllum dianthus corals allow for the 
reconstruction of past intermediate water circulation rates.  We 
present a time series of Antarctic Intermediate Water 
radiocarbon from over 30 corals spanning 30 ka through the 
Holocene, encompassing the transition into the Last Glacial 
Maximum and the last deglaciation.  Corals were collected 
south of Tasmania from water depths between 1450 and 1700 
m.  Uranium series calendar ages were measured by MC-ICP-
MS on the Neptune. Radiocarbon was measured by AMS at 
the Keck Carbon Cycle Accelerator Mass Spectrometry 
Laboratory at UC Irvine. 

Preliminary data from the Antarctic Cold Reversal and 
Heinrich Stadial 1 show abrupt transients where intermediate 
waters appear to age around 190 radiocarbon years in a 
timespan of roughly 40 calendar years, as shown by top-
bottom age differences in single corals. Changes of this 
magnitude are likely due to the rapid movement of a water 
mass front during times of abrupt climate change. An extended 
record back through the LGM will not only help put these 
abrupt changes in context and add to existing deglacial 
Southern Ocean and North Atlantic records, but will also 
provide a view into how the ocean operated during a quasi 
steady-state other than the modern circulation. 

 



 Goldschmidt2014 Abstracts  

 

992 

992 

Holocene changes in the Southern 
Hemisphere westerly winds using 

marine sediment cores from 
southwest New Zealand 

JESSICA L. HINOJOSA1*, CHRISTOPHER M. MOY1, 
CLAUDINE H. STIRLING1, GARY S. WILSON1 

AND TIMOTHY I. EGLINTON2 
1University of Otago, Dunedin 9010, New Zealand 

(*correspondence: jess.l.hinojosa@gmail.com) 
2Geological Institute, ETH Zurich, 8092 Zurich, Switzerland 
 

The Southern Hemisphere westerly winds are an important 
component of the global carbon cycle due to their influence on 
Southern Ocean CO2 flux. In addition, the winds drive mid-
latitude storm tracks, thereby controlling moisture balance over 
much of the Southern Hemisphere, including the South Island 
of New Zealand. Fiordland, New Zealand is an ideal locale to 
investigate Holocene changes in westerly wind behavior: It sits 
at the northern margin of the wind field maximum, is sensitive 
to latitudinal and strength fluctuations of the winds, and holds 
numerous fjord sub-basins with high sedimentation rates (up to 
3 mm/yr).  

Due to the strong positive relationship between wind speed 
and regional rainfall, reconstructions of past precipitation and 
fjord circulation can inform us of past westerly wind behavior.  
These processes can be observed through changes in the rate of 
organic carbon delivery from land: When precipitation is high, 
more terrestrial organic carbon is delivered to the fjords, while 
low precipitation shifts the balance toward accumulation of 
marine organic carbon. In addition, weaker winds can cause 
restricted basins to experience local anoxia. Geochemical 
characterization of modern surface sediments in the fjords 
shows that in the current climate regime, the region may be 
exporting up to 2.9 x 106 kg C yr-1 of >50% terrestrial organic 
carbon.  

Here we present downcore geochemical results from 
selected sub-basins in Fiordland that resolve westerly wind 
behavior in the second half of the Holocene. We reconstruct 
precipitation patterns using the concentrations and isotopes of 
carbon and nitrogen and lipid biomarker concentrations, which 
provide information on the source environment of organic 
carbon in the sub-basins. Additionally, we explore the 
application of redox-sensitive trace metal concentrations and 
uranium ‘stable’ isotopes (238U/235U) to constrain past 
periods of restricted water mass movement.  The resulting 
record of wind variability adds an important regional 
component to the hemispheric climate processes occuring over 
the last 5,000 years.  



 Goldschmidt2014 Abstracts  

 

993 

993 

Lowermost Cambrian phosphorites 
from the Malyi Karatau, Kazakhstan 
DOROTHEE HIPPLER1, 3, CHRISTOPH HEUBECK2, MICHAEL 

STEINER2 AND GERHARD FRANZ3 
1Graz University of Technology, Institute of Applied 

Geosciences, Rechbauerstrasse 12, 8010 Graz, Austria 
(dorothee.hippler@tugraz.at) 

2Freie Universität Berlin, Institute of Geolological Sciences, 
Malteserstrasse 74-100, 12249 Berlin, Germany 
(cheubeck@zedat.fu-berlin.de, michael.steiner@fu-
berlin.de) 

3Technical University Berlin, Department of Mineralogy, 
Ackerstrasse 76, 13355 Berlin, Germany 
(gerhard.franz@tu-berlin.de) 

 
The Precambrian-Cambrian (PcC) boundary represents one 

of the most pivotal intervals in Earth’s history, as global 
changes in tectonics, climate and chemistry of atmosphere and 
oceans induced the worldwide Cambrian Radiation and a 
concomitant ecosphere revolution. These events, moreover, 
correlate with the occurrence of the first widespread “giant 
phosphorites”, which are believed to represent a promising 
environmental archive of P cycling and availability. However, 
so far, neither the source of phosphate nor the formation 
mechanisms of these ore deposits are well understood. 

Sedimentary successions of the Malyi Karatau 
(Kazakhstan) offer unique insights because phosphorites and 
phosphate-bearing sediments of terminal Neoproterozoic and 
Early Cambrian age document widespread phosphogenesis 
amid rapid biodiversification. We investigated samples from 
several sections along a NW-to-SE transect for their 
sedimentary facies and geochemistry.  

The Malyi Karatau sedimentary apatites consist of 
carbonate fluorapatite (CFA), are mainly crypto- to 
microcrystalline, and appear pseudo-isotropic under x-nicols. 
Phosphate mineralization occurs (1) as phoslithoclast 
packstones and grainstones; (2) as phoslithoclast rudstones; 
and (3) as stratiform, microbially mediated phosphatic 
bindstones. Grain size, sorting and sedimentary structures 
suggest a very shallow, high-energy nearshore depositional 
environment. The variability in redox-sensitive trace metal 
enrichment indicates changes in redox conditions at the 
seawater-sediment interface. REE abundances largely display a 
seawater pattern, supporting a model of early phosphatization 
of carbonates from pore fluids related to ocean water. The 
deposition of overlying and concordant Fe-Mn carbonates 
during the Early Cambrian marks the termination of 
widespread phosphogenesis. 
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The Precambrian-Cambrian time interval represents one of 

the greatest phosphogenic episodes in Earth’s history with 
giant and well-preserved phosphate deposits occurring on the 
Yangtze Platform (South China). We investigated 
concentrations of rare earth elements (REE) and yttrium of 
shallow and deep-water sedimentary phosphate deposits of the 
Ediacaran Doushantuo Formation and the Early Cambrian 
Zhongyicun Formation by using LA-ICP mass spectrometry. 
The aim is to examine the temporal and spatial variability of 
seawater chemistry in conjunction with the conditions of 
phosphate formation and the evaluation of the extent of 
diagenetic modification. The REE+Y patterns of shallow-water 
phosphate deposits exhibit the evolution from flat shale-like to 
gently inclined seawater-derived patterns, with the Early 
Cambrian phosphate deposits revealing distinct negative Ce- 
and positive Y-anomalies indicative for oxygenated surface 
waters. REE+Y patterns of phosphate deposits of the deep-
water facies are flat to highly enriched in MREE, which is 
manifested in variably pronounced concave-down patterns. In 
detail, the patterns display different Ce-anomalies, as well as 
small positive Eu-anomalies. We propose that REE+Y patterns 
of Ediacaran and Early Cambrian sedimentary phosphate 
deposits can inherit both primary and secondary signatures 
reflecting either seawater composition or diagenetic 
modification and fluid flow. The combination of imaging 
techniques and in-situ LA-ICPMS thereby enables a more 
sophisticated examination of the potential sources and 
processes than whole rock determinations. Placing the results 
in stratigraphic order and assuming the Ce-anomaly to be a 
proxy for seawater composition and oxygenation, analog to 
what is known for carbonates, our results point to evolving 
depositional niches with surface waters enriched in oxygen. 
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Chemical and isotopic (D, 18O) compositions of  50 

shallow groundwater and 6 river water samples in the central 
part of Toyama City were analyzed to examine their water 
quality, origins and water flow in order to obtain baseline 
geochemical data for application of groundwater to geothermal 
heat pump (Geo-HP). The isotopic results show that the 
groundwaters are of meteoric origin and a mixture of a big 
river waters (Joganji River) and precipitation. The chemical 
and water temperatures of shallower groundwaters are of a Ca-
HCO3 type and 10 to 150C for most of samples and a part of 
them (close to Jintsu River and Kureha hill) is of Na-HCO3 
type and 100C, respectively, which may be reflected by Kureha 
active fault. The δD and δ18O values of groundwaters are -
70.1 to -49.2 ‰ and -11.6 to -8.6 ‰, respectively. Those of 
two river waters are   -66.9 to -62.0 ‰ and -10.3 to -9.4 ‰ for 
the Jintsu River and -66.5 to -64.8 ‰ and -11.1 to -10.9 ‰ for 
the Joganji River. The δ18O values of precipitation in this area 
are -12.8 to -6.5 ‰. These results suggest that the shallow 
groundwaters in the study area are largely affected by 
infiltration of the Joganji River and precipitation. In the coastal 
area, the δ18O values of groundwaters are lower than those of 
other area. This may be due to infiltration of precipitation 
which fall on the slope of Tateyama Mountains (3,000 m 
altitude). For the safety use of Geo-HP, scaling components 
such as Fe and CaCO3 are discussed by calculation of their 
saturation indices. This result shows that open-type Geo-HP 
can be applied to most area but only closed-type Geo-HP can 
be used in some part due to scaling of Fe-hydroxide. 
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Cytometry is the quantitative analysis of cells and cell 

systems.  Cytometry measures optical properties of cells, and 
most often uses fluorescence to measure specific antigen 
molecules, intracellular ions and DNA/RNA using antibodies, 
indicator dyes, or nucleic acid-specific probes.  Advantage of 
the cytometry are the analysis speed, detection sensitivity, the 
ability to measure many parameters simultaneously, and the 
ability to sort individual cells, and therefore, mechanism or 
process of elemental metabolism could be precisely evaluated 
based on the extensive number of cells (e.g., Bendall et al., 
2011; Bodenmiller et al., 2012).  This approach can also be 
applied to understand the solar system evolution based on the 
numerous number of age data.  In recent ten years, we have 
demonstrated the unique study approach using the distribution 
pattern of sample ages based on the series of precise age data 
collected from large number of samples (i.e., age-cytometry) 
[e.g., Rino et al., 2004; Iizuka et al., 2006; Iizuka et al., 2009; 
Iizuka et al., 2010].  With the high-time resolution age data 
obtained by present analytical technique using the LA-ICPMS, 
further precise and quantitative discussion could be made on 
the solar system evolution through the age-cytometry.  
Moreover, the LA-ICPMS technique has further advantages of 
imaging analysis for samples with various sizes, ranging from 
<10 microns to >10 mm.  Because of high capability for 
quantitative imaging of ultratrace-elements, together with high 
analytical capability to measure large-sized samples, the newly 
developed high-resolution and high-throughput age 
determination system using a LA-MC-ICPMS has a potential 
to become a significant tool to promote the age-cytometry.  In 
this presentation, we will demonstrate new analytical technique 
using LA-MC-ICPMS for the high-resolution and high-
throughput age determinations from various geochemical 
samples.  

 
[1] Bendall et al (2011) Science 332, 687-696. [2] Bodenmiller 
et al (2012) Nature Biotech. 30, 858-867. [3] Rino et al (2004) 
Phys. Earth Planet. Inter. 146, 369-394.  [4] Iizuka et al 
(2006) Geology  34, 245-248. [5] Iizuka et al (2009) Chem. 
Geol. 259, 230-239. [6] Iizuka et al (2010) Geochim. 
Cosmochim. Acta 291, 189-200.  
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In this study 32 clay samples from 10 mining fronts were 

analysed regarding the rare earth elements (REE) content and 
mineralogy. These materials are used for ceramic coatings in 
the Santa Gertrudes Ceramic Pole, São Paulo, Brazil, 
considered as the biggest ceramic pole in Latin America. The 
mines comprehend the Corumbataí Formation mudstones from 
Paraná Sedimentary Basin. The samples were analyzed as a 
whole and along each mine profile to evaluate the variation of  
REE concentration, mineralogy and weathering effects. The 
results show a differentiation into two main groups: 1) lower 
portion; and 2) upper portion. The samples from the lower 
portion of all mines present a fractionation pattern 
characterized by a continuous depletion in light REE from La 
to Sm (La/SmN = 3.77 ± 0.27), followed by a negative anomaly 
in Eu (Eu/Eu* = 0.024 ± 0.003) and a regular decreased 
distribution of heavy REE from Gd to Yb (Gd/YbN = 1.51 ± 
0.14). The upper portion samples present a similar distribution 
pattern as described before and REE rations La/SmN = 3.50 ± 
0.58, Eu/Eu* = 0.014 ± 0.003, Gd/YbN = 1.72 ± 0.19, however, 
the concentration of REE in the upper portion (ΣREE = 857 
ppm ± 99) is higher than in the lower portion (ΣREE = 539 
ppm ± 53). After the analysis of each profile from lower to 
upper portions, seven mines front were identified featuring a 
REE concentration increase with progressive weathering, 
probably due to a rapid reprecipitation and loss of major 
elements that are easily remobilized. Two of the upper samples 
present the highest contents in REE, which is attributed to the 
presence of kaolinite and destruturated layers of expansive clay 
minerals in Pieroni and Christofoletti 2 Mines respectively, 
indicating the more advanced weathering state of these 
samples. In three mines front (Cruzeiro 1, Partezani 1 and 
Tute) no significant enrichment in REE was noticed along the 
profiles, so the fractionation pattern remains in the same order 
of magnitude, thus implying in a higher resistance of these 
rocks to the weathering, due to a higher amount of non clay 
minerals within the benches or depth of the bench within the 
profile. 
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To investigate the physicochemical processes of minerals 
during and after slip of the 1999 Taiwan Chi-Chi earthquake, 
we analyzed the mineral assemblages in the Chelungpu fault 
by using quantitative X-ray diffraction together with scanning 
and transmission electron microscope observations. In the 
primary slip zone, we found markedly low contents of quartz 
and clay minerals and large amounts of amorphous particles 
ranging in size from submicrometer to several tens of 
nanometers. Milling and heating experiments with host-rock 
samples indicated that these mineralogical changes are due to 
comminution and frictional heat during slip. Moreover, the 
changes may affect slip behavior through a mechanism such as 
thermal pressurization assisted by clay-mineral dehydration. In 
addition, preservation of a high amount of amorphous fine 
particles can potentially be used to identify the slip zone of the 
latest earthquake on not only the Chelungpu fault but also on 
other faults. 
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The 2011 Great East Japan Earthquake and resulting 

Tsunami caused severe accident in the Fukushima Dai-ichi 
nuclear power plant (FDNPP). As a result, large amounts of 
radionuclides have been released in the environment, in which 
131I of 150 PBq and 137Cs and 134Cs of 15 PBq were emitted in 
the atmosphere and 137Cs and 134Cs of 3.5 – 16.2 PBq were 
directly released in the ocean as liquid effluents during the 
period of March to early April 2011[1]. Major radioactivity 
contaminated area spread out about 50 km of northwest from 
the FDNPP. Dominant radionuclides contaminating land and 
ocean except short-lived radionuclides are radiocesium, 
although 90Sr is considered to be a potential contaminant to the 
ocean. Radiocesium deposited on land surface is tightly bound 
into soil mineral. Therefore, there is lesser migration of 
radiocesium on land and from land to ocean via river, and its 
transfer from soil to plant decreased with time. Highly 
radioactivity contaminated area has been still remained. 
Furthermore, higher atmospheric deposition of radiocesium 
(around 1 kBq m-2 month-1) has continued in the area near the 
FDNPP. As a result, evacuation of residents in major 
contaminated area has continued now, although Japanese 
government has conducted decontamination of radioactivity in 
highly contaminated area. On the other hand, concentrations of 
radiocesium in surface seawater of the western North Pacific 
decreased with time. However, the high concentrations of 
radiocesium in surface water near the FDNPP (around 1 kBq 
m-3) were observed in the late 2013. The monitoring data 
suggest that both atmosphere and ocean releases of 
radiocesium from the FDNPP have continued in the late 2013, 
although release amounts of radiocesium are relatively small. 
 
[1] Povinec, Hirose & Aoyama (2013), Fukushima Accident: 
Radioactivty Inpact on the Environment, Elsevier. 
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The Fukushima Dai-ichi Nuclear Power Plant (FDNPP) 
accident in March 2011 resulted in release of a large amount of 
radioactive materials into the atmosphere. As a result, the 
radioactivity in atmospheric samples in the East Japan 
increased drastically after the accident. Although the 
radioactivity decreased gradually since the accident, it is still 
higher than the level before the accident, mainly contributed by 
radioactive Cs. It is thought that the recent main source of the 
radioactive Cs in the air is resuspended soil dusts.  However, a 
possibility of the existence of other sources of radioactive 
materials in the air after June 2011 was suggested [1]. In this 
study, we discuss chemical forms of radioactive Cs in airborne 
particulate matters (APM) using the results of sequential 
extraction experiments conducted on APM samples collected 
near Tokyo.   

The weekly APM samples collected with a high volume air 
sampler at Kawasaki City, Kanagawa, located 242 km south-
southwest from the FDNPP, were subjected to this study. First, 
the contents of radioactive Cs (134Cs and 137Cs) in the APM 
samples were determined by gamma-ray spectrometry. We 
then performed the four-steps sequential extraction using 
Milli-Q water with ultrasonic vibration, Milli-Q water with 
shaking, 1 M ammonium acetate, and 0.11 M acetic acid in this 
order as extractants on the selected APM samples. The 
contents of radioactive Cs in the supernatants were determined 
by gamma-ray spectrometry. 

The results of the extraction experiments reveal that more 
than 50 % of radioactive Cs was extracted with Milli-Q water 
with ultrasonic vibration (the first step) from the APM samples 
collected between September 2011 and August 2012. In the 
case of contaminated soil samples due to the FDNPP accident, 
Milli-Q water extracted practically no Cs from the soils; only 
extractants containing ammonium salts could partially extract 
Cs [2]. Those results suggested the existence of sources of 
radioactive Cs in the APM samples other than the resuspended 
soil dusts. 
 
[1] Hirose K. Appl. Radiat. Isot, 81, 325-329, 2013 [2] Hirose 
M. Abustracts in APSORC 13 5th Asia pacific Symposium on 
Radiochemisry, 125, 2013 
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The inventories of volatiles in the bulk silicate Earth and 

mantle following the violent events of accretion and 
differentiation remain a significant puzzle.  Despite the appeal 
of the late veneer hypothesis, evidence has accumulated that 
both inventories remember volatile addition and differentiation 
that preceded late addition events.  This evidence includes 
interior reservoirs of nebular rare gases and the high BSE C/N 
ratio, which has been attributed either to core formation or to 
atmospheric blow off.  The latter seems more likely because 
experiments to date suggest that C is more siderophile than N.    
Additional challenges are to understand Earth’s H and C 
inventories, including their fractionations relative to chondritic 
sources and between surface and interior reservoirs.   The high 
H/C ratio of the BSE can originate either by C sequesteration 
in the core or loss to space of a massive CO2–rich atmosphere 
(accompanied by retention of a liquid ocean), but neither fully 
explains the comparatively C-rich residual mantle.  This has 
lead to ideas about carbon pumps depositing C-rich phases 
during magma ocean (MO) solidification. 

An important factor not fully incorporated in previous 
models is the residual melt trapped during MO solidification.  
Layered mafic intrusions demonstrate that crystal-liquid 
separation during segregation of cumulates is imperfect and 
that trapped liquid fractions increase with solidification rate.  
MO lacking solid carapaces crystallize more rapidly than 
layered intrusions   We have simulated MO solidification 
coupled to an atmospheric degassing model with a gray-body 
greenhouse, incorporating compaction of cumulates.  Mean 
trapped liquid fractions are approximately 6-8%, with greater 
values at the MO base and through the transition zone, where 
solidification is rapid.  If the total volatiles delivered to Earth 
were chondritic and much greater in mass (~X 10) than the 
current inventory (as required by massive loss scenarios), 
much of the current mantle inventory of H and C could have 
been sequestered as trapped liquid.  Such scenarios always 
produce mantle H/C greater than the surface reservoir (the 
opposite of the modern situation), but coupled to a subsequent 
epsiode of (CO2-rich) atmosphere loss, may plausibly account 
for much of the major volatile distribution on Earth. 
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The presence of the actinide elements in the geosphere 

poses a long-term environmental concern due to the toxicity 
and long half-lives of several isotopes. Therefore, 
understanding the mechanisms responsible for enhancing or 
retarding the mobility of the actinides in the environment is 
important for risk management. The environmental fate and 
transport of the actinides is particularly influenced by 
interfacial reactions such as adsorption and reduction. 

The acid-base properties and hydration/dehydration 
mechanisms of corundum (α-Al2O3), γ-alumina (γ-Al2O3), and 
gibbsite (γ-Al(OH)3) were previously studied [1].  The results 
showed that surface acidity follows the trend corundum > 
gibbsite > γ-alumina. This is presumably related to a difference 
in surface sorption sites ≡AlOH, ≡Al2OH, and ≡Al(OH)2, 
where the greater proportion of aluminum at the surface leads 
to higher surface acidity. Therefore, metals that act as Lewis 
acids should preferentially sorb to γ-alumina. However, the 
relationship between sorption affinity and surface acidity has 
not been explicity established. The objective of this work was 
to examine actinide interactions with aluminum (hydr)oxide 
minerals with the intent of being able to characterize binary 
actinide-mineral systems based on fundmental 
thermodynamics. 

Batch sorption experiments were used to monitor the 
amount of Eu(III), Th(IV), and Np(V) sorbed to corundum, 
gibbsite, and γ-alumina as a function of time, pH, and ionic 
strength. In addition, high-resolution transmission electron 
microscopy (HRTEM) imaging was used to identify possible 
surface precipitates and monitor for morphological changes in 
the solid phases. Batch sorption data and HRTEM observations 
were used to develop preliminary surface-complexation 
models describing actinide sorption to aluminum (hydr)oxide 
mineral phases. 

This research supports the eventual investigation of 
plutonium sorption to aluminum (hydr)oxide minerals where, 
based on previoius research [2-3], surface-mediated reduction 
and strong inner-sphere surface complexation is expected. 
 
[1] Yang et al (2007) J. Colloid Interface Sci. 308, 395-404 [2] 
Hixon et al (2013) J. Colloid Interface Sci. 403, 105-112 [3] 
Hixon et al (2010) Radiochim. Acta 98, 685-692 
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We examined the oxygen isotopic composition of biogenic 

carbonates and the abundances and carbon isotopic 
composition of n-alkanes obtained from three sediment cores 
from Lake Ontario in order to: (i) assess how environmental 
changes affected the hydrology of Lake Ontario, and (ii) 
evaluate changes in organic productivity since the last 
deglaciation. Lake Ontario’s unique history allows for the 
evaluation of impacts arising from glacial meltwater input, 
hydraulic closure and Holocene warming. During the glacial 
period, the average lakewater O-isotope composition (inferred 
from ostracode valves) was –17.5‰ (VSMOW), thus 
indicating significant contributions of glacial meltwater. 
Higher abundances of mid-chain length n-alkanes (C23 and 
C25) with C-isotope compositions of –32.5‰ (VPDB) initially 
record allochthonous input of Sphagnum mosses from the 
periglacial environment. Emergence of a tundra woodland as 
the glacier retreated is recorded by an increase in long-chain 
(terrestrial plant) n-alkanes (C27, C29, C31). Subordinate 
amounts of short-chain n-alkanes (C17 and C19) during the 
glacial period reflect only limited autochthonous production of 
algal organic matter. Re-routing of Upper Great Lakes at the 
glacial to post-glacial transition led to hydraulic closure of 
Lake Ontario (~12,300-8,300 cal BP) [1]. Progressively higher 
lakewater O-isotope compositions (to –7‰) ensued, first 
because of the loss of glacial meltwater input, and then 
because of increased evaporation and the rising oxygen 
isotopic compositions of precipitation. Nearly equal 
abundances of all n-alkanes during the period of hydraulic 
closure indicate organic matter derived from several sources. 
The C-isotope composition of most n-alkanes increased by 
~1‰, and likely indicates overall higher terrestrial and 
lacustrine productivity. By 8,300 cal BP the climate 
transitioned from cold/dry to warm/dry [2]. There is little 
change in the lakewater O-isotope composition (–7‰) at this 
time. However, an increase in the abundance of terrestrial 
(≥C27) n-alkanes and their C-isotope compositions (–31‰ to –
29‰) signifies greater allocthonous input and increased 
terrestrial productivity. Upper Great Lakes water returned to 
Lake Ontario at 5,300 cal BP. A progressive decrease (~2‰) 
in all aquatic n-alkanes C-isotope compositions after this time 
suggests a shift in the nature of the lacustrine carbon pool.     
 
[1] Anderson & Lewis (2012) J. Paleolimnol. 47, 513-530. [2] 
Edwards et al (1996) Quat. Res. 46, 211–218.  
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Tungsten (W) was recently classified by the EPA as an 
emerging contaminant. The EPA did this in response to W 
being implied as a possible factor in childhood leukemia cases 
in Fallon, Nevada. An increase in W research has resulted from 
these cases, as W may have previously unrecognized 
toxicological effects [1][2]. Field studies have shown that W is 
mobile in the environment [3], but there is still a paucity of 
knowledge about the actual behavior of W and the processes 
that control W transport. By analyzing the occurrence of W in 
Fallon sediments, it was possible to understand how W 
becomes mobilized after deposition.  

To characterize W in sediments several techniques were 
used including total digestions, sequential extractions, water 
soluble extractions, and solid state W speciation using 
synchrotron methods. From these approaches a conceptual W 
mobilization pathway was constructed following the deposition 
of metallic W from air particulates onto sediments. Tungsten 
metal is oxidized forming WO3. Once WO3 comes into contact 
with water, WO4

2- is formed and released. Our results show 
less W associated in the exchangeable phase with increasing 
depth and greater association with Mn-oxide with increasing 
depth. These results suggest that as WO4

2- migrates downward 
through the soil, it is sequestered by oxide phases through 
surface sorption reactions. Tungsten speciation is highly 
variable, and poly-WO4

2- species are less likely to be 
sequestered through sorption reactions. This leads to two 
potential pathways where WO4

2- is sequestered or  
polymerized, remaining mobile. 

 
[1]Witten et al (2012) Chem-Bio Interactions 196, 87-88. [2] 
Strigul et al (2005) Chemo 61, 248-258. [3] Johannesson & 
Tang (2009) J. Hydro 378, 13-28.  
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The Deparment of Energy (DOE) monitors numerous 
former mill sites where bioremediation represents a potential 
approach for addressing groundwater contamination by 
uranium (U) and other aqueous metals. Bioremediation studies 
at DOE’s Rifle, CO (USA) site have explored conversion of 
soluble U(VI) to insoluble U(IV) through organic carbon 
(acetate) addition, with work repeatedly demonstrating the 
ability to lower groundwater U concentrations through 
stimulation of iron and sulfate reducing bacteria. Ores milled at 
Rifle were enriched in numerous redox sensitive metals 
including arsenic (As),  with ferric oxides present in sediments 
acting as strong sorbents for arsenate (As(V)). Pathways 
accompanying bioreduction of U can result in reductive 
dissolution of oxide sorbents and hence release of As(V) to 
groundwater. 

Such As releases have been repeatedly observed at Rifle 
during acetate injection, with the increases most pronounced 
when sulfate reduction is the primary form of metabolism. 
Although dissolution of sorbents is expected to account for 
some fraction of the increases, the close correspondence 
between elevated As and sulfidic conditions warranted analyis 
to assess the contribution of thiolated forms. To assess this 
possibility, speciation studies are being used to characterize As 
species present during various stages of the bioremediation 
process (‘chronospeciation’). 

Using ion chromatography-inductively coupled plasma-
mass spectrometry (IC-ICP-MS), As species are determined by 
comparison with retention times of prepared standards 
including arsenite, arsenate, mono-, di-, tri-, and tetra-
thioarsenate. Groundwater samples obtained during sulfidic 
conditions when As concentration exhibited a 5-fold increase 
above pre-acetate injection values showed predominance of 
thioarsenic species, with di- and tri-thioarsenates the most 
abundant. The change in the coordination environment of the 
thiolated forms relative to those of arsenate or arsenite may 
explain the abrupt increase in groundwater As, as desorption 
from oxide surfaces is enhanced following exchange of As-O 
for As-S bonds occurs. Evaluation of U bioremediation success 
must therefore take into consideration the possibility of 
creating redox conditions favorable for the release of 
secondary contaminants. 
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A quote from the Basic Energy Sciences Advisory 

Committee of the US Department of Energy probably says it 
all:  “One of the fundamental challenges facing science in the 
21st century is understanding systems away from equilibrium.”  
This is not to say that important advances have not been made, 
particularly in the last century, in understanding systems that 
wonder from equilibrium.  Great progress in both quantum and 
classical kinetics and dynamics is well known.  Yet 
understanding and predicting behavior in non-equilibrium 
systems, especially systems far from equilibrium, is especially 
perplexing.  And in the Earth sciences, systems far from 
equilibrium, and systems that never reach equilibrium, abound.  
In the world that can only be described and understood by 
delving into the field of nanogeoscience, we “see” that non-
equilibrium situations are common, yet we have not figured 
out a convenient way to parameterize, quantify, and predict 
them on the macroscale.   

This talk will present several key examples from our 
laboratories of what is described above, including, but not 
limited to:  1) the discovery of the growth of Mn3O4 nanowires 
from nanohematite catalysts [1];  2) Mn2+(aq) oxidation 
promoted are various rates by different sizes and shapes of 
nanohematite particles, emphasizing the distortion of surface 
binding environments [2,3];  3) the polyphasic nature of the 
mineral schwertmannite, and its transformation to goethite [4];  
4) the varying non-oxidative dissolution rates of nanogalena 
from crystal faces that are adjacent to both bulk and confined 
solution [5,6]; and 5) the influence of size, morphology, 
surface structure, and aggregation state on the reductive 
dissolution of nanohematite, including the influence of newly 
discovered “deep” penetrating nanopores within the 
nanohematite [7,8]. 

 
[1] Veeramani et al (2013) ACS Sustain. Chem. Eng 1, 1070-
1074. [2] Madden & Hochella (2005) Geochim. Cosmochim. 
Acta 69, 389-398. [3] Madden et al (2006) Geochim. 
Cosmochim. Acta 70, 4095-4104. [4] French et al (2013) 
Amer. Mineral. 97, 1469-1482.  [5] Liu et al (2008) Geochim. 
Cosmochim. Acta 72, 5984-5996. [6] Liu et al (2009) Env. Sci. 
Technol 43, 8178-8183. [7] Echigo et al (2012) Geochim. 
Cosmo. Acta 90, 149-162.  [8] Echigo et al (2013) Amer. 
Mineral 98, 154-162.  
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Just as the industrial revolution changed the world, so too 
has the information technology (IT) revolution. And the 
molecular biology revolution is in the process of doing the 
same.  Now, we are beginning to clearly recognize the 
nanotechnology age as a revolution that will one day be 
comparable to the impact of the industrial, information, and 
molecular biology ages.  The growth of nanoscience and 
nanotechnology over the last 15 years is truly staggering.  
Research publications currently number in excess of 80,000 
annually.  Worldwide, government sponsored research in 
nanoscience exceeds $8 billion annually.  Even more is spent 
in industrial research.  Important nanoscience and technology 
conferences are found somewhere in the world on a weekly 
basis.  Nevertheless, for various reasons for which I can only 
speculate, the Earth and environmental sciences lag behind this 
fervor.  In part due to this, the very large Next Generation 
National Nanotechnology Infrastructure Network, funded by 
the US National Science Foundation, has specifically 
stipulated that the Earth and environmental sciences should be 
involved.  For those who are already involved in 
nanogeoscience and nanobiogeoscience, as well as the 
technological aspects of these fields, results have so far been 
promising to compelling to revolutionary.  One can start with 
the fact that all matter in the universe, except most of the H 
and the noble gases, has at some time existed in a one-, two-, 
or three-dimensional nanomaterial.  A good example is the 
Eagle Nebula, only 6,500 light-years from Earth, which 
consists of pillars of gas and dust several light-years in length. 
Here, stars are born each with an accompanying disk-like 
cloud of dust and gas (mostly hydrogen) that will eventually 
form a solar system. The dust contains a vast assortment of 
nanomaterials as determined by astronomical observations. On 
Earth, throughout the continents, atmosphere, and oceans, 
nanomaterials abound, move, react, and influence all things.  
They behave differently than their bulk equivalents, often 
dramatically differently.  This large piece of the Earth’s puzzle 
will slowly be filled in over the next several decades.  
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Global soil C stocks (2 × 1018 gC) are large enough that 
minor climate-induced changes in the size of the soil C pool 
would constitute a major climate feedback.. The mechanisms 
for differences soil C cycle response to climate change are not 
well understood. To address this, we examined organic carbon 
(SOC) stocks at the USDA CO2 gradient facility (in Temple, 
TX) and  the Oak Ridge Free Air CO2 enrichment (FACE) site. 
The ecosystems include tallgrass prairie and hardwood forest, 
and  soils types include 4 soil orders (Mollisol, Alfisol, 
Vertisol, and Ultisol). Atmospheric [CO2] range from 270 to 
480 ppm in the grassland and [CO2] was enriched to 550 ppm 
in the hardwood forest. Temperature and precipitation were not 
manipulated . In addition to measuring C stocks, we to we use 
13C nuclear magnetic resonance to study the chemical structure 
and composition of SOC. Molecular proxies such as 
lignin/nitrogen ratio and alkyl/O-alkyl ratio were used to assess 
changes in the relative stability and extent of decomposition of 
SOC at different atmospheric [CO2]. Early results suggest that 
[CO2]-induced changes in the organic chemistry of SOC 
suggest that soil genetic factors could play an important role in 
the soil C storage potential under different climate regimes. 
Understanding the molecular basis for carbon preservation 
mechanisms in distinct soil orders could inform efforts to 
model C cycle-climate feedbacks of the geologic past and the 
near future. 
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Deep ultraviolet excimer laser microprobes have been 

employed for high spatial-resolution geochronology and 
thermochronology for two decades, but few of those 
applications involved extraterrestrial materials. At Arizona 
State, we are conducting a variety of laser microprobe studies 
of such materials with a special emphasis on the rock products 
of bolide impact. ‘Impactites’ are brecciated, poly-lithologic 
rocks that contain varying quantities of impact melt in the form 
of glass or its crystalline equivalent. Rarely are the melt 
domains in these rocks free from clasts of the target rocks, and 
this characteristic complexity frustrates attempts to acquire 
geologically meaningful 40Ar/39Ar ages. Ultraviolet laser 
microprobe ablation enables extremely precise targeting of 
melt domains in thin section at practical spatial resolutions (on 
the order of tens of microns for high-precision dating) 
unparalleled by other microanalytical techniques ranging from 
physical sampling to spot fusion with lasers of longer 
wavelength. In this contribution, we review our recent 
experiences thus far with in situ laser microprobe 40Ar/39Ar 
dating of impactites. Informed by work on samples from 
comparatively simple meteorite impact sites on Earth (e.g., 
Mistastin, Labrador, Canada), our studies of Apollo 17 impact 
breccias reveal a complex, polygenetic impact record spanning 
more than a billion years of lunar history. Thin sections of 
some lunar impactite samples contain a single, easily datable 
melt phase, while others contain multiple phases of melt with 
statistically distinguishable 40Ar/39Ar ages. In some cases, we 
find evidence for partial resetting of the argon isotopic 
systematics of an older melt component by subsequent impact 
events. Studies in progress are focussed on additional samples 
from the Apollo archive, as well as a variety of brecciated 
meteorites of varied provenance. 
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The water solubility of condensable organic vapors is 
largely unexplored, and its effect on the atmospheric lifetime 
of secondary organic aerosols (SOA) is yet to be quantified. 
We apply the Generator of Explicit Chemistry and Kinetics of 
Organics in the Atmosphere (GECKO-A) to calculate Henry’s 
law constants for oxidation products from major SOA 
precursors, and derive a simplified parameterization for use in 
3D models. Results show a strong negative correlation 
between Henry’s law constants and saturation vapor pressures, 
and indicate that chemically processed organic compounds are 
typically highly soluble.  

Model simulations over the USA in summer, suggest that 
dry and wet deposition of condensable organic vapors leads to 
major reductions in SOA, decreasing surface concentrations by 
~60% for biogenic and ~45% for short-chain anthropogenic 
precursors, for the volatility conditions considered. Losses via 
dry and wet removal of gases dominate over direct particle 
removal, dry or wet. Implications on SOA global budget and 
lifetime are also presented. 
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Serpentinizing systems have potential to provide biological 
communities with long-lived sources of hydrogen or reduced 
carbon, but also present challenges in the form of elevated pH, 
carbon limitation, and potentially elevated temperatures.  
Serpentinzed fluids in nature span orders of magnitude in 
hydrogen concentration and several units of pH, and the two 
do not always co-vary.  Thus, the biological potential of 
serpentinizing systems may vary strongly across the range of 
naturally occuring conditions. 

We modeled the effects of parent and alteration mineral 
composition, fluid composition, water:rock ratio, and 
temperature on biological potential for H2-utilizing 
methanogenesis, as defined by a cellular energy balance.  
Geochemists Workbench was used to model equilibrium fluid 
chemistry across a range of input conditions, and the results 
were numerically coupled to a cell-scale reaction-transport 
model that calculates the energy yield available in 
methaongenic metabolism.   

The modeled ratio of metabolic energy generation:demand 
is shown to vary by up to three orders of magnitude across the 
range of conditions considered, and peaks in an intermediate 
range of water:rock ratio.  Calcium and iron content in parent 
minerals strongly affect pH and hydrogen generation, 
respectively, and these are the primary factors underlying the 
observed variation.  Calculated cellular energy balance for a 
range of naturally occurring serpentinized fluids spans a 
comparably broad range. 
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Soil organic matter (SOM) and mineral constituents 

interact closely at the submicron scale forming the soil 
structure and providing biogeochemical interfaces. Soil 
structure itself plays a key role for carbon stabilization, 
microbial activity but also soil fertility and pollutant transport. 
However, the interaction mechanisms, the structural 
organization of the submicron structures and their evolution 
with time are still not fully understood. 

A great chance to study soil evolution and thus the 
evolution of soil structures are glacial retreats. To understand 
the complex interplay between SOM and minerals during 
initial soil formation the foreland of the Damma glacier 
(Switzerland) was intensively investigated [1, 2].  

To visualize the differentiation of the spatial distribution, 
heterogeneity and structural organization of SOM and minerals 
with time, clay sized fractions from the soil chronosequence 
investigated by Dümig et al. 2012 [2] were analyzed using 
scanning electron microscopy and nano-scale secondary ion 
mass spectrometry (NanoSIMS). 

NanoSIMS provides spatial information about 
elemental/isotopic distributions at the submicron scale. Soils 
architecture was revealed by imaging the spatial distribution of 
organic (e.g.: 12C, 12C14N) and mineral (e.g. 28Si, 27Al16O, 
56Fe16O) constituents. 

We were able to show the formation of heterogeneous 
micro-scale soil structures within a very short timeframe after 
the glacial retreat. The older the soils were, the higher was the 
spatial heterogeneity and thus complexity of the formed micro-
aggregates. In contrast to the bulk data, the idea that 
ferrihydrite has a great influence on the formation of the 
organo-mineral associations could not be certified. 
Furthermore our data points towards a rather strong interplay 
between SOM and minerals containing Al. 
 
[1] Dümig et al (2011) Geoderma 163, 83-94, [2] Dümig et al 
(2012) Geochim. Cosmochim. Acta 85, 1-18 
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The central Himalaya in Nepal comprises one of the 

Earth’s highest topographic relief. This mountainous barrier 
leads to an efficient blocking of moisture of the north- and 
northwestward propagating Indian monsoon system. South of 
the orographic barrier, mean annual rainfall ranges up to 
5m/yr, while north of the barrier rainfall drops to < 0.5 m/yr. 
This steep climatic and topographic gradient results in strong 
hydrological and vegetation constrasts along major 
transhimalayan rivers, such as the Arun in eastern Nepal.  

Associated to the hydrological gradient is a strong gradient 
in the isotopic composition of local stream water, allowing to 
trace water sources within the catchment. In this study we 
employ D/H ratios of 213 stream water samples and 23 river 
transported leaf wax n-alkanes samples, which are 
representatiative of plant material. We combine these with 
several river gauge station data and remotely sensed 
precipitation (TRMM), evaporation and temperature (both 
MODIS) data to decipher geographic sources of organic 
matter. 

Our data indicate that a large proportion of the Arun's 
water drains from the Tibetan plateau and is derived from 
snow- and glacial meltwaters. Snowmelt is derived from 
precipitation during the winter westerlies. Leaf wax n-alkane 
D/H ratios from river sediments along the Arun river show 
substantial D-depletion, corresponding to waxes synthesized 
by plants in the higher-elevation Himalayas and/or the Tibetan 
Plateau north of the orographic barrier. 

The dominance of Tibetan Plateau sourced leaf wax n-
alkanes in river bank sediments in the downstream sections 
along the Arun suggests an unexpectedly high organic matter 
supply from the Tibetan Plateau in the eastern Nepalese 
Himalaya, in contrast to the Plateau’s sparse vegetation cover. 
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The 3.6-3.9 Ga Itsaq Gneiss Complex (IGC, southern West 
Greenland) and the 3.45 to 3.64 Ga components of the Ancient 
Gneiss Complex (AGC, Swaziland) are typical high-grade 
gneiss terranes exhibiting up to 90 % of tonalite-trondhjemite-
granodiorite (TTG) components as well as fragmented 
greenstone belts. However, concerning their geochemical 
composition, the TTGs and the greenstones in both terranes 
differ significantly. Whereas the Hf-in zircon isotopes from 
TTGs of the IGC preserve a signature of continuous reworking 
of Hadaean/Eoarchaean mafic protocrust up to the 
Mesoarchaean (Naeraa et al., 2012), most TTGs of the oldest 
unit of the AGC, the Ngwane gneisses, have strongly variable 
Hf-in-zircon isotopic compositions ranging from juvenile 
values of up to +2 to strongly negative values to -4 at ca. 3.64 
Ga. The Hf-isotope signatures of the Ngwane gneisses either 
reflect reworking of older  mafic/felsic crust by the addition of 
juvenile (mantle-derived) components or felsic crustal melting 
in the presence of zircon. The latter interpretation is also 
supported by the major and trace element geochemistry of the 
Ngwane gneisses. 

Typical greenstone fragments within both gneiss 
complexes are tholeiitic amphibolites. The IGC tholeiites 
exhibit arc-like PRIMA-normalized trace element patterns and 
are interpreted to be the source rocks of the TTGs. In contrast, 
the amphibolites of the AGC do not show arc patterns, and 
greenstone remnants such as the Dwalile Greenstone Belt 
contain komatiites and tholeiitic amphibolites that reveal  
crustal contamination with slightly older felsic crust. 

Altogether, these differences may have resulted from 
exposed palaeo-crustal levels in each gneiss complex. Whereas 
the IGC clearly exposes lower-to-middle Archaean crust with a 
comparatively simple history of reworking, the AGC exposes 
ancient middle to upper crustal levels and reflects a highly 
complex reworking history, culminating in cratonization at 
about 3.1 Ga ago. 
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A well-dated stalagmite from Bukkit Assam Cave, Gunung 
Buda National Park, Borneo shows high growth rates (average 
~100 µm/yr) and extends from 12 ka to recent times. The rapid 
growth rates allow high resolution reconstruction of 
environmental conditions in the Western Pacific Warm Pool 
(WPWP) throughout the Holocene. Speleothem δ18O at the site 
primarily reflects the strength of regional atmospheric 
convection and resulting precipitation[1], with higher δ18O 
values indicating drier conditions. A decadal-scale δ18O time 
series resolves a trend consistent with increasing precipitation 
from the early to mid Holocene, maximum precipitation 
between 6 and 3 ka, with drier conditions thereafter, consistent 
with published low resolution speleothem records from 
Gunung Buda [2]. Subannually-resolved sampling between 
U/Th-dated horizons at 8130±60 yrs BP and 8360±86 yrs BP 
reveals a 0.7‰ increase in δ18O beginning at approximately 
8225 yrs BP.  High δ18O persists until ~8190 yrs BP, yielding a 
duration of 30-40 years for the isotopic excursion. This result 
suggests reduced precipitation beginning at ~8225±105 yrs BP 
(±2σ), within age error of the 8.2 kyr event recorded in 
Greenland (8210 ±50 yrs BP [3]). The global 8.2 kyr event is 
associated with reduced Atlantic overturning circulation; the 
isotopic enrichment reported here is consistent with 
enrichments in Borneo stalagmites synchronous with reduced 
Atlantic overturning during Heinrich events [2,4].  Our results 
are also broadly consistent with work showing dryer events in 
East Asia and Oman beginning between 8.3 and 8.2 ka [5]. 
This new record, when combined with records of precipitation 
change from both sides of the Pacific, provides information on 
ITCZ migration and zonal variation in the Pacific across the 
8.2 ka event.  
 
[1] Moerman et al (2013) EPSL 369-370, 108-119. [2] Partin 
et al. (2007) Nature 449, 452-455. [3] Vinther et al (2006) J. 
Geophys. Res. 111, D13102. [4] Carolin et al Science 340, 
1564-1566. [5]Cheng et al (2009) Geology 37, 1007-1010. 
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Spatially correlated zoning of P and elements such as Al 

and Cr has been observed in both synthetic and natural olivines 
[1, 2] from numerous rock types, including the plate spinifex 
komatiites of Gorgona Island [3] and may provide information 
on crystal growth processes. To evaluate the physical 
parameters governing the incorporation of P, Al, and Sc (an 
ƒO2 insensitive proxy for Cr3+) in spinifex olivines, we 
performed isothermal and cooling-rate experiments on a haplo-
komatiite (in CaO-MgO-Al2O3-SiO2; 29 wt% MgO) doped 
with 0.4–0.5 wt% each of P2O5, Sc2O3, and MnO. Experiments 
were conducted in a 1-atm gas-mixing furnace at QFM. 
Isothermal experiments were run at temperatures of 1500 
(~liquidus)–1425°C for 2–17 hours (h). Charges in the 
cooling-rate experiments were held at 1510°C for 2–4 h before 
being cooled to < 1400°C at a rate of 5°C/h or 20°C/h. 

Runs contained olivine (ol) and glass (liq). Average 
microprobe analyses from the isothermal experiments yield 
apparent DSc (Sc in ol)/(Sc in liq) of 0.13–0.14 (by wt). At 
1495–1450°C, ol-liq DP is 0.14–0.17; in the lowest-T 
isothermal experiment, P appears to be heterogeneously 
distributed in the ol (DP = 0.24 ± 0.14; 1σ); this run also 
experienced the largest P-loss to the furnace atmosphere 
(~50%; loss in the other runs: 6–18%). No spinifex ol (as 
defined in [4]) was generated in these experiments; however, 
bladed ol produced in the 20°C/h run display spatially 
correlated sector zoning in P and Sc broadly similar to features 
observed in P and Cr in Gorgona komatiitic ol [3]. The 5°C/h 
experiments contain some olivines that display high-P zones 
parallel to crystal edges. Melt inclusions in ol in both sets of 
cooling experiments are surrounded by ol regions low in P and 
Sc relative to the enriched regions. Individual ol spot analyses 
and average far-field glass compositions yield apparent ol-liq 
DSc’s of 0.11–0.13 (5°C/h) and 0.10–0.22 (20°C/h). 
Corresponding DP values are 0.16–1.25 and 0.08–2.05. These 
results demonstrate that, compared to the isothermal 
experiments, dramatic enrichments in P in ol relative to +3 
cations can occur at moderate cooling rates.  

 
[1] Milman-Barris et al (2008) CMP 155, 739–765 [2] 
McCanta et al (2008) GCA 72, A610 [3] Hofmann et al (2008) 
GCA 72, A385 [4] Arndt (2008) Komatiite. 
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The Roseobacter clade has been shown to be influential in 
the marine carbon, nitrogen, and sulfur cycles, but little is 
known as to how they influence the cyling of trace metals. 
Here we present case studies from bioinformatic genome 
mining and genetic analyses that point to molecular 
mechanisms of how the Roseobacter clade might influence the 
cycling of metals in their environments. We surveyed 42 
marine Roseobacter genomes for the presence of uptake 
systems for oxidized, reduced, and chelated metal species. 
Systems for the acquisition of inorganic Mn, Fe, Co, Ni, Cu, 
and Zn were identified using sequence homology searches. 
Specific metal-chelates were assigned to predicted transporters 
and related components using sequence homology searches, 
genome neighborhood analysis, and Markov sequence 
clustering. We also report an unexpected putative role for 
tripartite ATP-independent periplasmic transporters in 
assimilation of metal chelates, particularly siderophores. 
Further, we describe the functional characterization of an outer 
membrane receptor required for heme uptake in a particular 
Roseobacter strain, Ruegeria sp. TM1040, by insertional 
inactivation of a predicted TonB dependent transporter. 
Collectively, these findings refine the our knowledge of the 
specific metal compounds encountered and potentially utilized 
by microbes in marine environments. 
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We investigated the geochronological and geochemical 

signature of zircon grains extracted from a 1,000 km2-wide 
anatexite that crops out in the Araçuaí Orogen (SE Brazil), 
using LA-ICP-MS technique. It consists of a peraluminous 
migmatite made up Qtz + Kfs (±Pl) + Bt + Gt ± Sil ± Cd and 
Mz ± Rt as accessory phases. U-Pb SHRIMP ages were 
obtained in seven samples collected from different geographic 
localities, and are grouped at c. 597 - 595 Ma (northern 
domain), c. 585 - 582 Ma (central domain) and c. 575 - 572 Ma 
(southern domain). Internal structures of the analyzed zircon 
grains range in CL intensities, but are typically represented by 
igneous (oscillatory and parallel banding) growth zoning. No 
apparent recrystallization (metamorphic) rims were observed. 
Trace element signature obtained in the same dated grains 
shows quite uniform compositions (Lu/SmN 87 – 158; Tiav 7.3 
– 10.4 ppm; Nb 22 – 36 ppm; Hf 5.5 – 8.2%), with steep 
heavy-enriched REE patterns, positive Ce anomaly and 
negative Eu anomaly (0.018 – 0.041, av. 0.024). Their Th/U 
ratios are, however, mostly < 0.1 (av. 0.063). Temperatures 
calculated using Ti-in-zircon thermometer range from 710º to 
820ºC, similar to that obtained from Titani-in-quartz 
thermometer (750º - 800ºC).  

All data reported here indicate that the studied zircon 
grains are igneous in origin and, therefore, crystallized at 
minimum temperature of ~700ºC from the anatetic melt; 
consequentely, the U/Pb results represent their formation-ages. 
The unexpected low Th/U ratios can be explained by co-
crystallization of zircon and monazite, during cooling thermal 
conditions. 
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The deepest weathering reaction we have identified under 
the Susquehanna Shale Hills Critical Zone Observatory is 
pyrite oxidation. Cuttings of Rose Hill shale were investigated 
from one borehole from the ridge and four boreholes from the 
valley at the CZO. Pyrite concentrations are insignificant to 
depths of 23 m under the ridge and 8–9 m under the valley. 
Likewise, carbonate concentrations are insignificant to 22 and 
2 m, respectively. In addition, a 5–6 m-thick fractured layer 
directly beneath the land surface shows evidence for loss of 
illite, chlorite, and feldspar. Under the valley, secondary 
carbonates may have precipited. The limited number of 
boreholes and the tight folding make it impossible to prove that 
depth variations result from weathering instead of chemical 
heterogeneity within the parent shale. However, carbonate 
depletion coincides with the winter water table observed at ~20 
m (ridge) and ~2 m depth (valley). It would be fortuitous if 
carbonate-containing strata are found under ridge and valley 
only beneath the water table. Furthermore, pyrite and 
carbonate react quickly and many deep reaction fronts for 
these minerals are described in the literature. We propose that 
deep transport of O2 initiates weathering at SSHO and many 
other localities because pyrite commonly oxidizes 
autocatalytically to acidify porewaters and open porosity. 
According to this hypothesis, the mineral distributions at 
SSHO are nested reaction fronts that overprint protolith 
stratigraphy. The fronts are hypothesized to lie subparallel to 
the land surface because O2 diffuses to the water table and 
causes oxidative dissolution of pyrite. Pyrite-derived sulfuric 
acid (H2SO4) plus CO2 also dissolve carbonates above the 
water table. To understand how reaction fronts record long-
term coupling between erosion and weathering will require 
intensive mapping of the subsurface. 
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Ultramafic rocks in northern California host chromite ores 
associated with dunite and harzburgite in Glenn Counties and 
with serpentinite in Tehama County.  Historic mining activities 
can result in the increased mobilization of trace metals 
associated with these ultramafic rocks, potentially resulting in 
enhanced mobilization of Cr, Ni, and other trace metals into 
stream sediment, soil, and water.   

Water extracts yielded concentrations that are elevated 
above most natural background samples:  4-43 µg Cr(VI) kg-1  
for soil and waste rock (1120-16,000 mg Cr kg-1) associated 
with a dunite- and harzburgite-hosted chromite mining district, 
active through the 1940s. Stream water immediately down 
gradient from the mined site had 2 µg L-1 Cr, with 1µg L-1 

Cr(VI).  As chromite is poorly soluble, the water- extractable 
fraction of Cr is likely the effect of pore-scale redox processes 
rather than an outcome of bulk concentration. 

The watershed-scale effects of mining were not readily 
distinguished from the geologic influences on water chemistry.  
Low-order streams in an unmined watershed have <0.5 to 2.8 
µg Cr(VI) L-1, with total Cr concentrations of120 to 920 mg Cr 
kg-1 in the sediments.  An adjacent watershed with several 
small-scale historic mines had <0.5 to 1.7 µg Cr(VI) L-1 in 
low-order streams with total sediment concentrations of 1510 
to 4400 mg Cr kg-1, suggesting that mining impacts stream 
sediments more directly than water quality.   

With respect to stream biota, Cr uptake by stoneflies 
tended to increase with Cr(VI) concentrations in streams, with 
no notable correlative relationship between stream water  Cr 
concentrations and uptake of Cr in mayfly larvae or riparian 
spiders. This suggests that stoneflies may provide an effective 
indicator of Cr uptake into aquatic ecosystems. 
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The northern backarc of Payenia (34-35oS) east of the 
Andean Southern Volcanic Zone (SVZ) is dominated by alkali 
basalts erupted from small volcanic centres during the last 1 
Ma contemporaneously with the arc front volcanoes. In the 
northern backarc, incompatible element enrichment patterns 
are much like in the arc but with less enrichment of LILEs. 
They contrast with the OIB-type enrichment further south in 
Payenia. In detail, their trace element enrichment and Sr-Nd-
Pb isotopic compositions are distinct from SVZ arc magmas. 
They overlap with the adjacent backarc Nevado Volcanic Field 
but extend to greater enrichment in Th (higher Th/La) but also 
LREEs (higher La/Nb) relative to HFSEs. In addition to 
metasomatism by subduction-related fluids both sources show 
enrichment by subducted continental crust, the proportion of 
which increases northward. Variation of incompatible element 
ratios within volcanic centres indicates source inhomogeneity 
on a scale of few km. The pre-metasomatic SVZ mantle 
defined by Zr-Nb-Sm is more depleted than the northern 
backarc mantle. The northern backarc volcanoes are situated 
150-180 km above the east dipping Nazca plate. The melts 
were extracted just below the LAB around depths of 75 km 
and derived by small to moderate degrees of mantle melting. 
This mantle is expected to flow westward and either  this must 
have been enriched previously when a Miocene flat slab 
translated subduction east, or the melts originated deeper from 
the descending mantle wedge enriched from the subduction 
channel. 
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The ‘Here’s Your Chance’ (HYC) deposit is the largest 

sediment-hosted Pb/Zn/Ag deposit in Northern Australia. 
Organic matter (OM) associated with the deposit has been 
strongly affected by hydrothermal alteration, and possibly 
overprinted by non-indigenous hydrocarbons carried with the 
mineralising fluid. Novel organic geochemical techniques have 
been applied to highly mineralised samples to study the 
depositional environment of HYC and further investigate the 
effects of hydrothermal alteration on OM in ore deposits. 

A fraction of OM that was occluded within the 
kerogen/mineral matrix (Bitumen II) was isolated after 
hydrofluoric acid digestion. Bitumen II contained n-alkanes up 
to C38 with δ13C -32 to -34 ‰ and a predominance of even 
carbon numbers, attributed to the activity of sulfate-reducing 
and phototrophic sulfur bacteria during ore deposition. 
Combined with δ34S measurements of elemental sulfur and 
kerogen, these data fit a genetic model in which sulfate was 
carried with the mineralising fluid and reduced to sulfide by 
bacterial sulfate reduction.  

Micro-Scale Sealed Vessel pyrolysis (MSSVpy) was 
conducted on an unmineralised sample from the host Barney 
Creek Formation, to simulate the effects of hydrothermal 
alteration on HYC OM. The addition of lead and zinc sulfides 
had a significant effect on the alteration of OM, possibly due to 
retardation of organic isomerisation reactions on the sulfide 
metal surfaces. These novel organic geochemical techniques 
have demonstrated great potential in application to ore deposit 
studies.  
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Computational chemistry techniques (Monte Carlo and 
molecular dynamics simulations, quantum mechanical 
calculations) have emerged as a useful tool for obtaining 
detailed insights into the structure, thermodynamics, and 
kinetics of hydrated clay minerals and other geochemical 
systems [1]. These techniques are particularly powerful when 
they complement experimental techniques (spectroscopic, wet-
chemical, calorimetric, scattering or diffraction techniques). 
Combined experimental and computational investigations are 
steadily becoming more accessible as advances in the 
computational sciences expand the range of time and spatial 
scales that can be examined using in silico experiments (i.e. 
computer simulations). 

Here, we describe our recent applications of molecular 
dynamics (MD) simulations to complement experimental data 
on solute dynamics and microstructure in clay-water systems. 
We extend our previous MD simulations of the activation 
energy of ion diffusion in swelling clays [2] and predict the 
hydration behaviour of two smectites, the Wyoming type 
(USA) and the Kunipia-F type (Japan) montmorillonite, for a 
wide range of water contents (up to 60 w% H2O) and interlayer 
solutes (Li+, Na+, K+, Cs+, Ca2+, Mg2+, Cl-). 

Recent studies have shown that MD simulations in 
combination with 00l reflection modeling [3], can aid in the 
interpretation of experimental neutron scattering and powder 
X-ray diffraction profiles, significantly improving the 
atomistic understanding of the interlayer solute and water 
configuration. With this in mind, we also investigate the 
consistency of different force fields and water models with 
commonly used semi-empirical form factors (G2) for different 
hydration states. This comparison allows us to examine not 
only the unit cell structure but also the atom specific Debye-
Waller factors (B) obtained implicitly from the simulated 
density profiles.  

 
[1] Cygan, R.T., Greathouse, J.A., Heinz, H., Kalinichev, 
A.G., J. Mater. Chem., 19, 2470–2481 (2009). [2] Holmboe, 
M., Bourg, I.C., J. Phys. Chem. C., 118, 1001–1013 (2014) [3] 
Ferrage, E. et al J. Phys. Chem. C., 115, 1867–1881 (2011).  
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Cr stable isotopes record mass dependent fractionations 

that reflect changes in chromium oxidation state. Ellis et al. [1] 
showed that reduction of soluble Cr(VI) to Cr(III) during 
sedimentation is accompanied by a large isotope fractionation 
effect of 3.5‰, with light isotopes enriched in the produced 
Cr(III), thus leaving the residual pool of Cr(VI) enriched in the 
heavy isotopes. Extrapolation of these results to the oceanic Cr 
reservoir, where Cr(VI) is the thermodynamically favoured 
species under oxidizing conditions, leads to the hypothesis that 
drawdown of Cr(VI) in seawater during episodes of 
widespread anoxia should correlate with positive shifts in δ53Cr 
values in marine sedimentary successions, if the fractionation 
factor and the various Cr input fluxes remained constant. 

To test this hypothesis, we used a MC-TIMS method to 
measure δ53Cr values recorded in pelagic carbonate deposited 
in the Western Interior Seaway during Cretaceous Ocean 
Anoxic Event 2 (OAE 2). Our results show that the onset of 
ocean anoxia correlates with a decrease in sedimentary δ53Cr 
values, which is opposite to the model prediction. The 
discrepancy may be reconciled if the light Cr sedimentation 
flux, driving seawater to higher δ53Cr values during periods of 
increased ocean anoxia, were more than offset by a 
corresponding increase in the input flux of isotopically light Cr 
to the oceans. Indeed, anomalously high trace metal 
abundances reported in carbonate sediment deposited during 
OAE 2 (e.g., Cr, Co, Ni) have been interpreted to reflect 
elevated inputs from submarine eruption of the Caribbean large 
igneous province [2], which we propose sharply increased the 
influx of isotopically light Cr(III) to the oceans. 
 
[1] Ellis et al Science, 295, 2060. [2] Snow and Duncan, 
Paleoceanography 20, 3005. 
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Stable atmospheric boundary layers are associated with a 

decrease in boundary layer height and inhibited mixing which 
causes an increase in pollutant concentrations.  This 
phenomena is prevalent throughout the intermountain west 
where persistent cold air pools (CAPs) often last for days or 
weeks.  During the CAP events, particulate matter (PM) 
concentrations in the atmosphere accumulate and reach levels 
that are harmful to human health.  

Atmospheric models have a difficult time capturing the 
strength and evolution of the CAP therefore having an impact 
on both meteorological forecasting and predictions for 
pollutant transport and accumulation.  The atmospheric 
chemistry and physics during these events are complex and 
make it difficult to determine the meteorological and source 
impacts in the region.  Investigations of the physical processes 
leading to increased PM concentrations during CAP events 
have shown that it is difficult to quantify the transport 
behavior.[2]  Receptor modeling in Salt Lake City, UT 
indicates that secondary aerosols are a large contributor to 
elevated wintertime PM concentrations but the sources 
attributed to the secondary aerosol formation cannot be 
identified.[1] 

This paper will present observational data to quantify the 
turbulent mixing during CAPs in Salt Lake City and estimate 
the source impacts using a hybrid source oriented and receptor 
modeling approach.[3]  The benefit to this approach for source 
impact estimates is that the secondary species impacting the 
PM concentrations can be investigated by source type and the 
numerical results are adjusted to match the observed species 
concentrations.  Using this method, source impact estimates for 
a one month CAP period in the Salt Lake Valley indicate that 
on-road gasoline vehicles, coal combustion, livestock, and 
wood stoves contribute to increased PM2.5 concentrations. 

 
[1] Kelly et al (2013), JA&WMA, 575-590. [2] Silcox et al 
(2012), Atmospheric Environment, 17-24. [3] Ivey et al (2013), 
in ITM on Air Pollution Modeling, Miami, FL 26-30 August. 
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We conducted high pressure, high temperature experiments 
to determine the diffusivities of 17 trace elements (Y, Zr, Nb, 
La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Yb, Lu, Th, U) in 
rhyolitic composition silicate liquids.  Synthesis experiments 
were run to create a trace element rich glass and a trace 
element poor glass.  Diffusion couples were assembled by 
juxtaposing the two polished synthesis glasses against one 
another in a silver capsule.  All diffusion experiments were 
executed in a piston cylinder apparatus at 1 GPa pressure and 
temperatures ranging from 740-940º C.  Experiments at lower 
temperatures are currently underway.  

Concentration gradients that developed in the glasses were 
characterized using a laser ablation inductively coupled plasma 
mass spectrometer (LA-ICP-MS).  Diffusion coefficients were 
determined from concentration profiles.  Diffusivities exhibit 
Arrhenian behavior within experimental error.  Preliminary 
data suggest the highest activation energies are obtained for 
rare earth elements, with the largest activation energy acquired 
for Ce.  Values for the pre-exponential factor, Do, peak at Nd 
and are lowest for high field strength elements.  Calculated 
diffusivities indicate the potential for fractionation of heavy 
rare earth elements from light rare earth elements.  The 
database of diffusivities reported in this study are relevant to a 
variety of applications in igneous petrology. 
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Analyses of noble gas isotopes by multi-collector mass 

spectrometry substantially improve measurement precision and 
accuracy, with the potential to revolutionise applications to 
cosmo- and geo-sciences. Mass resolution and mass resolving 
power on the H2, Ax and L2 detectors of the Helix-MC noble 
gas mass spectrometer installed at the Australian National 
University are approximately 1,800 and 8,000, respectively. 
The high mass resolution of the L2 collector permits complete 
separation of the 36Ar peak from isobaric interferences 12C3 and 
partial separation of H35Cl. By adjusting the L2 collector 
position, interference-free 36Ar isotope analyses have been 
achieved. 

From a MD-2 biotite standard (collected from the GA1550 
Mt Dromedary site), we observed beam intensities for 40Ar, 
36Ar, H35Cl and 12C3 of 4826, 0.775, 0.027 and 0.024 fA, 
respectively. Corresponding 40Ar/36Ar and 40Ar/(36Ar + H35Cl 
and 12C3) ratios are 6,452 and 6,054, respectively. It is noted 
that a significant fraction of H35Cl released from MD-2 could 
not be completely removed by purification procedures, and this 
interference cannot be corrected by blank subtraction. It is 
stressed, however, that the very high proportion of radiogenic 
40Ar to total 40Ar released from MD2 biotite means that the 
correction of atmospheric Ar using either 36Ar or the combined 
36Ar + H35Cl and 12C3 peak, influences the estimation of 
radiogenic 40Ar by <0.3%. On the other hand, when 40Ar/36Ar 
ratios in samples, such as young basalts, are close to the 
atmospheric value, corrections for atmospheric 40Ar using 
interference-corrected 36Ar become more significant.  
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Heme b is the iron-containing prosthetic group of an 

important pool of iron proteins known as the hemoproteins. 
Hemoproteins are integral to numerous fundamental biological 
processes, including photosynthetic and respiratory electron 
transfer (e.g. cytochrome b6f, photosystem II, cytochrome bc1). 
Heme b abundance and nitrogen fixation rates were determined 
on baord the UK funded GEOTRACES cruise in the tropical 
Atlantic Ocean. Heme b concentrations in the Equatorial and 
tropical North Atlantic were generally lower than observed 
previously in the (sub)-tropical North Atlantic [1,2]. Heme b 
concentrations were particularly low in areas of high nitrogen 
fixation and Trichodesmium abundance, suggesting a potential 
trade off between cellular processes requiring hemoproteins 
and the high iron demand of the nitrogen fixing enzyme 
nitrogenase.  

We therefore investigated heme b abundance in two 
diazotrophs, Crocosphaera watsonii (WH8501) and 
Trichodesmium erythraeum (IMS101), grown under varying 
total dissolved iron concentrations (between 0 and 120 nmol L-

1). The Intracellular heme b content of Crocosphaera was 
significantly higher than for Trichodesmium. While nitrogen 
fixation  increased with iron availability in cultures of both 
Crocosphaera and Trichodesmium, cellular heme b abundance 
was observed to decrease in Trichodesmium. Low heme b 
content in Trichodesmium under iron replete conditons thus 
suggested optimisation of iron-protein pools in order to 
facilitate nitrogen fixation and is thus consistent with previous 
work showing that iron is primarily allocated to nitrogenase 
and photosystem I in this species[3].  
 
[1]Honey et al 2013, Mar. Ecol. Prog. Ser. 483:1-17 
[2]Gledhill et al 2013, Glob. Biogeochem. Cyc. 27:1-11 
[3]Richier et al 2012, PLoS ONE 7(5):e35571 
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The uptake and loss of radionuclides in the oyster 

(Crassostrea Gigas) commonly cultivated in Korean waters 
were studied under the laboratory conditions using radiotracer 
techniques to develop countermeasures against radiological 
emergencies, e.g. intrusion of elevated artificial radionuclides 
laden seawater from the offshore or atmosphere into the oyster 
rearing waters from the accidents occurred in the adjacent 
nuclear installations, such as Fukushima nuclear reactor 
accidents in 2011. 241Am, 109Cd, 57Co, 60Co, 123mTe, 
51Cr, 113Sn, 85Sr, 137Cs and 88Y radionuclides were 
selected and their concentration were arbitrary chosen to yield 
137Cs to be about 10.0 Bq kg-1 sufficiently high to resulting a 
fish meat exceeding Korean regulatory limit if we assume 
concentration factor for fish is 100. Three oysters were placed 
in each seawater tank at 12±1°C. Uptake rates in oyster’s 
tissue were determined at the fixed time intervals to 8 days and 
excretion rates were also determined at the fixed time intervals 
up to 12 days by placing radiolabeled oysters in the 
radionuclides free seawater tanks. Three uptake patterns were 
emerged: (1) initial exponential uptake and reached asymptotic 
concentration for 137Cs and 85Sr within several days, (2) 
continued linear uptake for 109Cd and 99Y, (3) initial rapid 
uptake with subsequent decrease in other radionculdies. All 
radionuclides except 85Sr and 109Cd in oyster’s tissue were 
decreased more than half by within 6 days, and 85Sr was 
completely removed from the tissue within 3 days, but 109Cd 
remained slightly decreased more than 10 days. Therefore, if 
there is an intrusion of radio-cesium and radio-strontium laden 
seawater from elsewhere, oysters should be harvested within a 
few hours or place oysters in the those radionuclides free 
seawater to decontaminate for 3 days would be options to 
counter radiological emergency occurred in the sea. 
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Organic aerosols are produced in CH4-rich reducing 

atmospheres, such as Titan, early Earth and exoplanets, but 
their production mechanisms are not well constrained. We 
conducted laboratory experiments to form organic aerosol 
analogues using a far UV (FUV) hydrogen/helium lamp 
(λ > 110 nm) and measured the aerosol production rate as a 
function of CH4/CO2 ratio in the reactant gas. The aerosol 
production exhibits a steep decrease when the CH4/CO2 ratio 
becomes less than unity. In order to interpret the experimental 
data, we also performed one-box photochemical calculations, 
including 791 reactions and 134 species up to C8 hydrocarbons. 
We found that the observed production rate is in a good 
agreement with polymerization reaction rates involving 
aromatic hydrocarbons (i.e., benzene), suggesting benzene is 
the key parent molecule controlling the aerosol production. On 
the other hand, polymerization reactions involving polyynes do 
not account for the experimental data, suggesting that they are 
not the limiting molecules. This implies that aerosol 
production rate in an early Earth atmosphere due to solar FUV 
would become significantly lower than a previous estimate 
which includes polymerizations of polyynes as the formation 
reactions of aerosols [1], resulting in an optically thinner 
aerosol layer. 

 
[1] Pavlov, Brown & Kasting (2001), JGR 106, 32267-23287 

Figure 1. Observed aerosol production rate and calculated 
reaction rates as a function of CH4/CO2 ratio. 
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Little is known about potential effects of seawater [Ca2+] 
and [Mg2+] oscillations on the trace metal and isotopic 
composition of calcareous foraminifers. Lacking other 
constraints, researchers have addressed differences in past 
seawater chemistry by scaling modern Mg/Ca vs. temperature 
(T) calibrations to past oceanic Mg/Ca. In contrast, stable 
isotope records have rarely been discussed in the light of 
changing seawater composition, but hypotheses can be posed 
based on existing inorganic calcite experiments. The higher 
vibrational energy associated with Mg incorporation in 
synthetic calcite is compensated by increased incorporation of 
18O and 13C, leading to an underestimate of δ18O-derived Ts in 
high-Mg environments.  

Prior to the mid Cenozoic, oceanic Mg/Ca ratios were 
much lower than present. Planktic foraminifers secrete low-Mg 
calcite and the impact of reduced seawater Mg/Ca on shell 
isotopic composition has never been quantified. We present 
results from culture experiments with planktic foraminifers, 
grown across a range of seawater Mg/Ca ratios, Ts and 
carbonate chemistry. Our results do not indicate a significant 
seawater-Mg/Ca effect on δ18O and δ13C in planktic 
foraminifers, but do reveal a large reduction in the T sensitivity 
of shell Mg/Ca when seawater Mg/Ca ratios are reduced. 
These data indicate that Mg/Ca vs. T calibrations derived from 
experiments in modern ocean chemistry cannot be applied to 
early Cenozoic foraminifera by scaling to paleo-seawater 
Mg/Ca composition, because such an approach likely 
underestimates climatically-controlled T variations at that 
time. 
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Quantitative Nanomechanical Peak Force® (PF-QNM) 

measurements by means of atomic force microscopy was used 
first-time to study polished glass surfaces. The PF-QNM 
technique allows for topography and mechanical property 
information to be measured simultaneously at each pixel. 
Young’s modulus, adhesion force, energy dissipation, and 
deformation of the international simple glass (ISG, 
representing a simplified version SON68 glass) were mapped 
in combination with a detailed roughness characterization. 

The ISG’s topography ranges from 0 to 84 nm (RMS = 
11.2 nm), adhesion ranges from 0 to 17 nN, and deformation 
ranges from 0 to 3 nm. Young’s modulus values with a 
frequency > 30 counts represent 95% of all the measurements 
collected and range from 21.8 to 84.3 GPa; with the average 
modulus being 53.2 ±15.8 GPa. Those preliminary results for 
the ISG suggest an average Young’s modulus that is within the 
experimental error of the modulus measured for SON68 glass 
(63-65.5 GPa) with conventional approaches [1,2]. 

Although the average modulus values are consistent with 
values generally reported for glass (~50 to 90 GPa), the wide 
distribution of measured values (standard deviation) suggests 
that surface roughness and technique error are impacting the 
measurements. Therefore, future PF-QNM measurements on 
glass will focus on reducing the distribution of measured 
modulus values by systematically quantifying the effect 
surface roughness has on force distance curves and by 
increasing the both the scan size and number of scan locations 
on the sample. 

Application of the PF-QNM technique will be extended to 
in situ glass corrosion experiments with the goal of gaining 
atomic-scale insights into altered layer development by 
exploiting the mechanical property differences that exist 
between silica gel (e.g., altered layer) and pristine glass 
surface. 

 
[1] Ougier-Simonin et al (2011). Int J Eng Sci 49(1), 105-121. 
[2] Chorfa et al (2010). Ceramic-Silikaty 54(3), 225-234. 
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Since the discovery of the “Taung Child” in 1924, the type 
specimen of Australopithecus africanus, in the Buxton-Norlim 
Limeworks near Taung, the age of the fossil and its 
environment of deposition have been debated. The exact 
geological context of the “Taung Child” was lost, but mined 
remnants of the fossiliferous deposits are preserved within the 
quarry, and have been interpreted as cave sediments that 
formed within the Plio-Pleistocene Thabaseek Tufa; either as a 
younger cave-fill or as contemporaneous carapace caves. We 
undertook uranium-lead dating, ground penetrating radar, 
sedimentological and palaeomagnetic analysis of the pink-
coloured deposit from which the Taung Child was derived and 
demonstrate that it is a calcrete, a carbonate-rich pedogenic 
sediment, that formed on the palaeo-landsurface. Our 
reinterpretation of the stratigraphy has implications for the 
dating, environment and taphonomy of the site, and increases 
the likelihood of future fossil discoveries within the Buxton-
Norlim Limeworks. We have been able to produce at least one 
U-Pb age for the site and will present a preliminary age 
estimate for the “Taung Child”. 
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An initial oxygen and carbon isotope study of the Buffalo 
Cave Flowstone [1] demonstrated precessional control over 
monsoon rainfall and vegetation (ratio of C3 to C4 plants) 
during the period of speleothem growth, 2.0 Ma to 1.5 Ma. We 
present a new high-resolution (~25 year interval) stable isotope 
record from this flowstone between 1.8 Ma and 1.7 Ma using 
an annual chronology. Automated annual band imaging and 
counting methods were used to produce a continuous 92,000 
year long record of annual rainfall amount. Quazi-regular 
cyclicities at El Niňo Southern Oscillation (ENSO) and Indian 
Ocean Dipole (IOD) frequencies give the first indications of 
how inter-annual variability in African rainfall changed over 
repeated precessional cycles. Intensification of the IOD signal 
at about 1.8 Ma coincides with the evolution and dispersal of 
early Homo at this time. 

 
[1] Hopley et al (2007). Earth Planet Sci. Lett. 256:419-432. 
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Melt δ18O is frequently calculated from analyses of 

individual minerals in volcanic rocks. Due to the large range in 
oxygen diffusivities in phases that comprise magma, 
disequilibrium is likely to arise among minerals in magmas 
that have experienced long intervals of pre-eruption storage. 
Minerals where diffusion is slow are more likely to preserve a 
record of oxygen isotopic fractionation at crystallization 
temperatures. With the recognition that many silicic magmas 
spend a significant portion of their pre-eruption history as 
crystal mush prior to remobilization and eruption, minerals 
with faster oxygen diffusivity will be affected to a greater 
degree and thus give erroneous results, particularly for long-
lived evolved magmas. 

We analyzed mineral phases from rhyodacite domes at 
Parinacota Volcano, Chile, where the crystallization T (700-
800°C) and pre-eruptive crystal residence times (<230 ka) are 
well constrained using several geothermometers and U-Th 
disequilibrium dating [1]. Calculated temperatures based on 
δ18O of mineral pairs (where diffusivities are different) are 
highly scattered and likely not meaningful.  However, if melt 
δ18O is calculated from the most retentive phase (titanite), 
temperatures obtained from pairing the other minerals with that 
model melt yield ranges in T that reproduce (a) initial 
crystallization conditions for minerals where diffusion is slow, 
and (b) lower eruption/cooling temperatures for minerals 
where diffusion is fast. 

We propose that in order to assure maximum accuracy of 
melt δ18O calculated from minerals in silicic magmas that 
experienced prolonged near-solidus storage, (a) closure 
temperatures for oxygen isotopic exchange should be 
calculated for all minerals based on typical grain sizes and an 
assumed cooling rate, in order to determine which mineral is 
most likely to already be closed to oxygen isotope exchange at 
crystallization conditions (e.g. zircon or titanite) and (b) 
crystallization temperature be independently determined, 
preferably on the same phases (e.g. via Zr-in-titanite or Ti-in-
zircon thermometry). Our analyses shows that quartz may not 
be a reliable mineral to detemine melt δ18O in silicic magmas.  
 
[1] Hora et al (2013) Goldschmidt Abstract Mineral. 
Magazine, 77 (5) 1320. 
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Silver is a moderately volatile, chacophile and slightly 
siderophile element.  The concentration of Ag in the bulk 
mantle and its elemental and isotopic behavior during melting, 
metasomatism, and magmatic differentiation is not well 
constrained.  To rectify this situation, we have begun a 
systematic study of Ag in mantle rocks.  Improved 
understanding of Ag in the mantle will help to better constrain 
Earth accretionary processes.  Silver may also ultimately serve 
as an important tracer of metasomatic and alteration processes 
affecting mantle rocks.  

Using isotope dilution, we have determined Ag 
concentrations in samples from several suites of well-
characterized peridotite xenoliths from the North China Craton 
(NCC) and Mongolia, and in peridotites from the Leka 
ophiolite, Norway.  The data display a broad correlation 
between Al2O3 and Ag contents, and are consistent with 
moderate incompatibility.  Peridotitic samples with Al2O3 of 1 
wt% or lower have Ag concentrations of 0.4-2.5 ng/g, while 
those with over 3 wt% Al2O3 have Ag concentrations of 8-18 
ng/g.  One Hannouba (NCC) sample has  50 ng/g Ag, and one 
Mongolian sample has 104 ng/g Ag.  Surprisingly, Ag 
concentrations show little or no correlation with other 
siderophile/chalcophile elements, such as Pd and Os.  Most of 
the spinel peridotite xenoliths examined have Os contents of 1 
to 2 ng/g, which is lower than the 3 to 4 ng/g typical of 
kimberlite-borne peridotites and orogenic peridototes.  The 
lower Os content of basalt-borne spinel peridotite xenoliths has 
been interpreted as a sign of sulfide removal, either into the 
host magma or through weathering [1].  The lack of a Ag-Os 
correlation, however, bring this explanation into question.  
Projection of the Ag-Al2O3 trend to a primitive mantle Al2O3 
composition suggests 10-12 ng/g Ag in fertile mantle, 
consistent with, but slightly higher than previous estimates 
[2,3].  Ocean ridge basalt glasses have 15-48 ng/g Ag [4], 
consistent with the evident moderate incompatibility of Ag 
during mantle melting. 
 
[1] Handler et al (1999) Geology 27, 75-78.  [2] McDonough 
(1995) Chem. Geol. 120, 223-253. [3] Palme & O’Neill (2003) 
in Treatise of Geochemistry 2, 1-38.  [4] Schönbächler et al 
(2010) Science 328, 884. 
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A recent advancement in the evolution of (U-Th)/He 

thermochronology has been the application of laser 
technologies for high spatial-resolution dating. Thus far, 
excimer laser microprobes have been used successfully to date 
high U+Th minerals such as monazite and zircon in prepared 
grain mounts [1-4], and to elucidate helium diffusion profiles 
in apatite [5]. As demonstrated by Tripathy-Lang et al. [4], the 
laser microprobe method is an especially powerful tool for 
detrital zircon dating; however, other detrital minerals may be 
amenable to this method as well. Here we report preliminary 
results of an ongoing study of the viability of laser microprobe 
(U-Th)/He dating of titanite. While titanite contains lower 
concentrations than zircon of parent isotopes and consequently 
less radiogenic 4He, its typically larger grain size also allows 
for these characteristics to be mitigated by the use of larger 
laser beam diameters during the ablation process. Using 
example analyses of a variety of titanite materials, we illustrate 
necessary adaptations of previously described protocols [1-4] 
for titanite dating, practical implications for sample selection, 
and the typical precision of derived (U-Th)/He dates. 
Ultimately, with judicious analytical protocols, integrated laser 
microprobe U/Pb and (U-Th)/He dating of detrital titanite can 
be a valuable tool for identifying the provenance of 
sedimentary successions and the exhumation history of the 
source region. 
 
[1] J.W. Boyce et al (2006) Geochim. Cosmochim. Acta 70, 
3031–3039. [2] J.W. Boyce et al. (2009) Geochem. Geophys. 
Geosyst. 10, doi: 10.1029/2009GC002497. [3] P. Vermeesch et 
al. (2012) Geochim. Cosmochim. Acta 79, 140-147. [4] A. 
Tripathy-Lang et al (2013) J. Geophys. Res. Earth Surf. 118, 
1-9. [5] M. C. van Soest et al (2011) Geochim. Cosmochim. 
Acta 75, 2409-2419. 
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The pelagic fluxes of barite and particulate organic carbon 
are spatially correlated, such that sedimentary barite 
accumulation rates have been used as a tracer of export 
productivity in the ocean [1]. However, pelagic barites undergo 
significant dynamical transformations en route to the seafloor, 
where their preservation can also be highly variable depending 
on the sedimentary environment [2]. Together, these two 
considerations can limit the utility of barites in 
paleoceanographic reconstructions [1; 2]. Stable-isotopic 
measurements of Ba (barium) in barites, δ138/134Babarite, should 
prove useful in addressing these concerns, as Ba-isotopic 
compositions will be sensitive to the dominant Ba source(s) 
and ambient conditions of barite precipitation in the water 
column, as well as the preservation efficiency of barites on the 
seafloor. Measurements of Ba stable-isotopic compositions in 
natural samples have proven extremely challenging owing to 
the relatively small variations expected in nature (< 200 ppm 
AMU-1; [3]) and the difficulties associated with isolating Ba 
from the other chemically-similar—and more abundant—
Group II metals.  

To address these issues, we developed a 135Ba-137Ba double 
spike MC-ICP-MS method to determine δ138/134Babarite in natural 
samples that achieves an external reproducibility of  ± 22 ppm 
AMU-1 (2 SD, n = 10). We have measured the first vertical 
profiles of pelagic δ138/134Babarite for a suite of particulate 
samples collected from the Southern Ocean via in situ seawater 
filtration. Our pilot data indicate that, for a given locality, 
pelagic δ138/134Babarite is essentially invariant with depth, 
suggesting that particle dynamics processes, such as particle 
(dis)aggregation, do not modify δ138/134Babarite and that ‘marine 
barite’ precipitation signals are preserved during export. We 
will examine pelagic barites that have been recovered from 
diverse ecosystems so as to test the effects of plankton 
community composition, organic carbon fluxes, and export 
efficiency on marine δ138/134Babarite, as well as the fidelity of 
core-top sediments to record pelagic δ138/134Babarite. 
 
[1] Paytan and Griffith (2007) Deep-sea Res. II, 54 (5-7). [2] 
McManus et al (1998) Geochim. Cosmochim. Acta, 62 (21-22). 
[3] Von Allmen et al (2010) Chem. Geol. 277 (1-2). 
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Iron (Fe) is the most abundant transition metal in marine 
phytoplankton, reflecting its importance for a range of 
biochemical processes such as photosynthesis and nitrogen 
fixation. The high cellular requirements for Fe, coupled with 
its low solubility and concentrations in seawater, render Fe a 
limiting nutrient in vast regions of the global ocean, which in 
turn makes Fe a potential controlling factor for changes in 
atmospheric pCO2 and thereby major oscillations in global 
climate. Dissolved Fe in seawater is primarily sourced from 
sparingly soluble continental mineral dust, submarine 
hydrothermalism, and sediment dissolution along continental 
margins. However, the relative importance of surface dust 
deposition, compared to the deeper marine Fe sources to the 
open ocean remains contentious. By exploiting the Fe stable 
isotopic fingerprint of these sources, it is possible to trace 
distinct iron pools through marine environments in 
sedimentary records through time. 

We have reconstructed the dominant central Pacific Fe 
sources over the past 76 Myr using Fe-isotopic measurements 
of Fe-Mn crust CD29-2. We find that dust is not the dominant 
Fe source in the central Pacific Ocean, as almost all of the data 
lies outside of the Fe-isotopic ranges defined by continental 
aerosol. Further, our record demonstrates that the average 
long-term Fe supply to the central Pacific has remained 
relatively constant over the past 76 Ma.  We hypothesize that 
the overall Fe-isotopic variability must reflect the influence of 
distant Fe sources, with distinct Fe-isotopic compositions, that 
have been transported over large distances (> 3, 000 km) 
within the ocean interior.  

These distal sources—most likely hydrothermal venting 
and sediment dissolution along continental margins—
ultimately control the Fe budget of the deep Pacific Ocean. As 
such, the importance of continental aerosol dissolution to 
marine Fe budgets may be significantly overestimated. This 
has important implications for the proposed feedbacks between 
the hydrological cycle, Fe supply, and global climate over 
Earth’s major climatic transitions, as our data suggest that the 
oceans’ Fe inventory depends on ocean stratification and redox 
state, rather than the ‘dustiness’ of the prevailing climate.  
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This contribution describes the characteristics and 
performance of a diode laser noble gas microfurnace system 
developed at UC Santa Cruz and modified for the Stanford 
Noble Gas Laboratory. Two modes of microfurnace operation 
for metal-encapsulated samples are outlined: (1) visible-light 
regulated, “near saturation pyrometry”; and (2) thermocouple 
regulated, high-precision, step-heating. Mode 1 is appropriate 
for routine extraction of radiogenic 4He for (U-Th)/He 
thermochronometry. Measurements performed on single-grain 
aliquots of apatite and zircon yield consistent and accurate (U-
Th)/He dates on laboratory standards, indicating that the laser 
achieves quantitative extraction without devolatilizing U, Th 
and Sm. Mode 2 has great potential for a wide variety of noble 
gas applications including helium diffusion experiments and 
40Ar/39Ar K-feldspar multi-diffusion domain analysis. Mode 2 
uses a proportional, integral and derivative (PID) process 
temperature controller and feedback from a chromel-alumel 
thermocouple to achieve better than ~ ± 1.0°C precision for 
setpoint temperatures from 50°C to 1150°C with < 3 second 
lag times between 50°C setpoint changes. Helium diffusion 
data presented for monazite standard 554 agree well with 
published values.  

Details regarding system design and controlling software 
are provided to aid construction of similar systems in other 
laboratories. 
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Rapid proliferation of LA-ICP-MS laboratories that engage 

in U-Pb analysis of zircon has resulted in data generation 
multiple orders of magnitude faster and easier than ever before.  
The analytical throughput and spatial resolution, however, 
comes at the expense of accuracy and precision.  While 
significant advances in data acquisition and processing and 
rigorous error propagation have been made over the past five 
years, age bias at the 1-3% level for well-known standards 
remains a common phenomenon[e.g., 1]. 

We hypothesize that radiation damage alters the laser 
ablation process and contributes to variability in laser-induced 
elemental fractionation producing the observed age bias in 
otherwise concordant zircon standards.  Allen and Campbell 
[2] showed that annealing of radiation damage produces up to 
3x improvement precision and accuracy. A basic 
understanding of photochemical processes that generate 
fractionation differences is an analytical imperative. To this 
end, we interrogate two potential processes responsible for this 
differential elemental fractionation. First, we expect that lattice 
disorder and laser absorption scale directly producing variable 
pit morphology, and consequently down-hole fractionation [3]. 
Second, the radiation damage may modulate the efficiency of 
phase separation of the ablated aerosol into high T zirconia 
rich in U and Th and silica rich in Pb [4,5] 

We couple LA-ICP-MS analysis with vertical scanning 
interferomtery for pit metrology, Raman spectroscopy for 
lattice damage characterization and (U-Th)/He dates to 
quantify retained alpha dosage. The experiments target a range 
of new untreated Sri Lankan gem zircons ranging from 15-
2000 ppm U [6] as well as other extant international standards. 
Our data reveal a strong correlation between lattice damage 
and pit depth and volume. Ongoing work seeks to illuminate 
the photochemical processes that occur in the ablation pit 
walls.  This contribution will examine whether damage-
matching is required to get beyound 1-2% accuracy threshold. 

 
[1] Klotzli et al 2009, Geostandards, 33, 5-15 [2] Allen and 
Campbell, 2012, Chem. Geol. 332, 157 [3] Horn et al 2000, 
Chem. Geol., 164, 281–301 [4] Kosler et al 2005, JAAS, 20, 
402-409 [5]  Kuhn et al JAAS, 20, 21-27 [6] Steely, Hourigan, 
Juel, in Review, Chem. Geol 

 



 Goldschmidt2014 Abstracts  

 

1042 

1042 

Subarctic Weathering and 
Carbonation of Serpentinized Dunites  

J. HÖVELMANN1*,2, H. AUSTRHEIM2, A. BEINLICH2,3,  
O.I. ULVEN2 AND B. JAMTVEIT2 

1Institut für Mineralogie, University of Münster, 48149 
Münster, Germany  
(*correspondence: j.hoevelmann@wwu.de)  

2Physics of Geological Processes (PGP), University of Oslo, 
0316 Oslo, Norway 

3Mineral Deposit Research Unit (MDRU), Department of 
Earth, Ocean and Atmospheric Sciences, The University of 
British Columbia, Vancouver, BC V6T 1Z4, Canada  

 
Weathering of ultramafic rocks has important 

consequences for element cycling, soil formation, and carbon 
uptake. Carbonate formation during breakdown of ultramafic 
minerals (e.g., olivine, pyroxene, serpentine, brucite) 
contributes significantly to the consumption of atmospheric 
CO2. However, ultramafic rock weathering also involves the 
release of asbestos and fluid mobile toxic Ni- and Cr-bearing 
compounds into agricultural land and drinking water. Element 
uptake and release during weathering is controlled by the 
different dissolution rates of the minerals involved, which in 
turn depend on the prevalent climatic conditions. The 
weathering of ultramafic rocks is mostly studied in tropical and 
temperate climate zones, where it usually results in the 
formation of deep laterites depleted in Ca, Mg and Si and 
enriched in Fe, Co, Cr, and Ni [1, 2]. However, besides recent 
investigations of the natural carbon uptake potential of 
ultramafic mine wastes in Canada [3], little is known about 
ultramafic rock weathering in the arctic and subarctic climate 
zones. Here we present new insight into chemical, physical and 
mineralogical processes taking place during saprolite 
formation at subarctic climatic conditions at the Feragen 
Ultramafic Body (FUB) in E-Norway [4]. The Weichselian 
glaciation constrains the age of the formed saprolite to less 
than 10 ka and its small thickness yields constraints on element 
mobility, vein growth, carbonation and mechanical 
fragmentation at the atmosphere-rock interface. The presence 
of abundant extracellular polymeric substances (EPS) and 
bacteria on surfaces of ultramafic rock debris further suggests 
that weathering reactions may have been enhanced by 
microbial activity. 
 
[1] Oze et al (2007) PNAS 104, 6544-6549. [2] Schwertmann 
& Latham (1986) Geoderma 39, 105-123. [3] Wilson et al 
(2011) Envrion. Sci. Technol. 45, 7727-7736. [4] Beinlich & 
Austrheim (2012) Chem. Geol. 332, 32-44. 
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Native-Fe is an uncommon phase in terrestrial rocks due to 

prevailing oxidizing conditions; however, native-Fe-bearing 
basaltic intrusions are known to occur in three localities: 1) 
Siberian trap intrusions, 2) Disko Island (Greenland), and 3) 
Bühl basalt (Germany). The presence of native-Fe within these 
basaltic rocks indicates formation conditions at abnormally 
low fO2 for basalitc magmas, below the IW buffer. 

We present new LA-ICP-MS, platinum group element 
(PGE), and trace-element data for native-Fe basalitc ores of the 
Dzhaltul intrusion, Siberia, in order to constrain the formation 
of these unusual PGE-rich ores. The Dzhaltul intrusion formed 
contemporaneously with the Noril’sk Ni-Cu-PGE sulfide ore 
deposit. The Dzhaltul native-Fe ores are composed of ~50 
vol.% metal, in decreasing order of abundance: kamacite 
(FeNi), cohenite (Fe3C), native copper (Cu), and minor troilite 
(FeS). Kamacite is the dominant carrier of PGEs with 
concetrations (ppm) of approximately: Pt-6.0; Pd-20.0; Os-1.5; 
Ir-1.0. Kamacite also contains high Sb, Sn, and Ge contents. In 
contrast, chalcophile elements (e.g., Au, Ag, Sn) are 
dominantly contained in native copper.  

In typical Noril’sk-style sulfide-rich deposits, PGE 
enrichment of the parent magma is interpreted to occur in 
lower crustal staging chambers, due to the assimilation of 
crustal material and resultant formation of immiscible sulfide 
liquids. We present a model for PGE ore formation, whereby 
PGE-rich magmas in the upper crust assimilate carbonaceous 
material, effectively reducing the magmatic fO2 to below the 
IW buffer. Siderophile elements partition into the metal phase, 
producing highly siderophile- and chalcophile-enriched, but 
sulfide-poor basaltic ores. The necessity for carbonaceous 
material in ore-forming processes provides important temporal 
and stratigraphic constraints, which will benefit future PGE 
exploration efforts. 
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Mercury contamination in aquatic environments presents a 

public health risk due to microbial production of 
methylmercury (MeHg), a neurotoxic and highly 
bioaccumulative compound. Because of the hazards associated 
with MeHg bioaccumulation, the presence of mercury in 
contaminated sediments is often a driver of risk at these 
settings. However, remedial action can be difficult to 
implement due to the lack of methods to determine mercury 
methylation potential in sediments. Our research attempts to 
address this need through investigations of the chemical 
speciation of mercury in benthic settings and bioavailability or 
inorganic Hg for anaerobic microbes that produce MeHg. 
Laboratory experiments with sediment microcosms were 
performed to demonstrate that microbial production of MeHg 
was not simply linked to the amount of dissolved Hg or the 
dissolved Hg speciation as predicted by equilibrium speciation 
models. Rather, an enhanced production of MeHg was 
observed when the microcosms were exposed to 
nanoparticulate forms of mercuric sulfides (HgS) rather than 
bulkscale HgS. These experimental data were used to develop 
a kinetic model of methylmercury production by incorporating 
rates of dissolved Hg complexation, HgS precipitation, and 
HgS dissolution into a framework that links Hg speciation and 
methylation. This model indicates that a larger dissolution rate 
of nanoparticulate HgS compared to bulk HgS could partly 
explain the enhancement of MeHg production. However, 
another process must also be involved, such as direct uptake of 
nanoparticles or immediate uptake of Hg dissolving from 
nanoparticles, to simulate the experiment data. We used this 
information to explore methods to assess the bioavailability of 
mercury in complex matrices. These efforts include the 
development of a thiol-leachable Hg measurement for 
sediments, where a thiol ligand is used as a proxy for a biotic 
ligand associated with methylating bacteria. We also tested 
diffusive gradient in thin-film (DGT) samplers to determine 
how dissolved and nanoparticulate forms of Hg may differ in 
response to these passive samplers. These studies aim to utilize 
recent advances in the understanding of mercury sulfide 
geochemistry as a basis for methods to quantify Hg 
methylation potential in contaminated sediments. 
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High-precision stable isotope measurements in gas-source 
isotope ratio mass spectrometry are carried out by repeated 
comparison of the composition of an unknown sample with a 
working gas, with a so-called dual-inlet (DI). Due to the design 
and established protocols used in dual inlet mas spectrometers, 
however, only 30 to 40% of the available sample gas can be 
measured, which is a major problem when sample size is 
limited. Here we present a new protocol allowing the 
measurement of a much larger portion of the gas sample. Our 
method is based on a single measurement of the sample for 
150 to 600 seconds immediately after the gas is released from 
the microvolume or the bellow, followed by a single 
measurement of the working gas for the same amount of time 
(WG). The isotope ratio calculation is carried out by 
comparison of the beam ratios of WG and sample at equivalent 
intensity of the major ion beam.  

Using three isotopically very different CO2 gases we show 
that the new protocol give results that are indistinguishable 
from the standard DI measurements for both large samples (50 
to 100 µmol of CO2) measured at quasi-constant beam sizes 
and for small samples (1.5 to 2 µmol of CO2) measured in 
micro-volume mode.  

Due to the greatly increased integration time and reduced 
idle time, this procedure allows for the measurement of smaller 
samples and/or for greater sample throughput while preserving 
precision. We suggest that other gases commonly used for 
stable isotope measurements with gas-source mass 
spectrometry would also benefit from this new protocol.  
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Guilaizhuang deposit is the largest gold producer in 

southwestern Shandong Province or Luxi Block, which 
exhibits a special Te-Au mineralization feature different from 
those in the adjoining Jiaodong Peninsula. Tongshi intrusive 
complex is the main igneous unit in this area, which composed 
of syenites and monzonites with crystallization age of ~180Ma, 
and considered to be a post-collisional magmatism. Syenites 
and monzonites also intruded into the carbonate sequence in 
the Guilaizhuang district, and cryptoexplored along an EW-
trending fault. The breccias resulted from the cryptoexplosion 
mineralized intensively, which were extensively cemented by 
fluorite and calcite. Consequently, the intrusive age of the 
syenite and monzonite should be the lower limit of the gold 
mineralization age, whereas the formation age of the fluorite 
and calcite can represent the upper limit. 

Zircons from the syenite and monzonite in the 
Guilaizhuang open-pit display a U-Pb dating age of 179-180 
Ma consistent with those in Tongshi intrusive complex, 
whereas Sm-Nd isochron constructed by fluorite-calcite 
mineral pair shows an age of 181 Ma. Based on these two ages, 
It is conclude that the gold mineralization age is probably at 
180 Ma, coeval with the intrusion of the Tongshi complex. 
Considering the tectonic condition at ~180 Ma in the eastern 
margin of the North China Craton (NCC), the Guilaizhuang 
gold deposit was just located in a post-collision setting 
between the NCC and Yangtze Craton (YC). Therefore, It is 
proposed that the extensional stress of the crust caused the 
decompressional partial melting of basement rocks which is 
considered to be the gold host in this region, and fluorine-rich 
fluids exsolved from the magmas and dissolved budget gold 
resource upwards migrating to shallow level. As temperature 
and pressure decreased, the gold was released from ore-
forming fluids, together with the fluorite and calcite as cements 
of the hydrothermal breccias. 

Conclusively, the Guilaizhuang deposit should represent a 
gold-forming event within the eastern margin of the North 
China Craton in the post-collisional setting between the NCC 
andYC during late Triassic to early Jurassic. 
 
This work was financed by Natural Science Foundation of 
China (41172083). 
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Liaohe River is one of the important rivers in the northeast 

part of China, and suffers from severe contamination of PAHs 
in the past years. The total concentrations of 16 PAHs in 
surface water and suspended particulate matter (SPM) in the 
20 major rivers of Liaohe River drainage basin were 
determined by GC/MS.  

The total PAHs concentration ranges from 0.41 to 
6.45μg/g (dry weight) in SPM, and 32.57 to 108.47ng/L in 
surface water, respectively. Two- and three-ring PAHs are 
predominated in water samples, the percentage of two-ring 
PAHs is highest with an average of 68.19％ in dissolved 
PAHs, while the percentage of three-ring PAHs is highest with 
an average of 66.28％ in SPM, respectively. 
 
 
 
 
 
 
 

 
Fig1 Source of PAHs in SPM 

 
The main sources (Fig.1) of PAHs in Liaohe River 

drainage basin are petroleum and fossil fuel combustion, which 
are related to complex energy structure of Liaoning province. 
 
This work was supported by the National Natural Science 
Foundation of China (Grant No. 40703021) and 
major national science and technology projects (Grant 
No.2012ZX07503-003-001) 
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The Kashi Sag is an area with abundant gas/oil shows in 

the Tarim Basin of China. Identificating the source of the oil 
and gas is important for petroleum exploration. We have 
conducted on molecular comparisons of oil sand extracts and 
two sets of potential source rocks from the Kashi Sag to 
appraise and predict the source of the oils and oil sands. The 
oil sand we studied is from the north limb of the Kelatuo 
Anticline.  

Sandy shale and coal are widely distributed in Middle and 
Lower Jurassic sections of the Kashi Sag, mainly in the Lower 
Jurassic Kangsu Formation and the Middle Jurassic Yangye 
Formation. Average TOC values of these strata are 1.43% and 
1.87% respectively. On the basis of total extract yields and the 
abundance of unknown compound “A” and total extractable 
hydrocarbons, these formations contain good source rocks. the 
average TOC of Lower Carboniferous shale in the Xilibili 
Profile is 0.82%. Lower extract yields of compound “A” and of 
total hydrocarbons indicate that it is an inferior source rock. 
Diahopane abnormally is high in the extracts of Middle and 
Lower Jurassic sandy shales and coals, with lower amounts of 
dibenzothiophene in the fluorene series, Similarities in the 
C21>C23 distribution pattern in tricyclic terpanes, triaromatic 
steroid and fluorene series provide elaborate evidence for oil-
source relation. As a whole, the molecular evidence 
demonstrates that Lower Carboniferous shale in the Xilibili 
Profile and the oil-sands of Kelatuo are strongly related. 
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Lake sediments provide an important archive for climate 

records that span the continental interior[1]. The novel organic 
proxy depended on branched GDGTs (Glycerol dialkyl 
glycerol tetraethers) was applied for estimation of past annual 
mean air temperature in lacustrine settings[2-4]. Here, we 
present the results of an integrated study of GDGTs in the 
water column of Huguangyan Maar Lake (HML), tropical 
Southern China. The vertical distribution of branched GDGTs 
was examined through in situ filtration of suspended 
particulate matter (SPM), and seasonal variability through a 
one-year time-series sediment trap deployment with one month 
resolution, which provides insight into the vertical and 
seasonal distribution of branched GDGTs production in HML, 
thereby placing constraints on the applicability of the 
MBT/CBT-paleotemperature  proxy in this and other similar 
systems. 

The results show that the branched GDGT-producing 
bacteria tend to live in the bottom of HML.The concentration 
and flux of branched GDGTs collected in winter were higher 
than those samples collected in other seasons, suggesting that 
bacteria producing branched GDGTs are thriving in winter  in 
HML. These results led us to conclude that the environmental 
conditions in winter are favorable for the growth of bacteria 
producing branched GDGTs and MBT/CBT-drived 
temperature might record winter temperature in HML.  

 
[1] Meyers (1997) Org. Geochem. 27, 213-250. [2] Weijers et 
al (2007) Geochim. Cosmochim. Acta .71, 703-713. [3] 
Tierney et al (2010) Geochim. Cosmochim. Acta .74, 4902-
4918. [4] Zink et al (2010) Org.Geochem. 41, 1060-1066. 
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Neoproterozoic strata are widely distributed in the Yangtze 

block. Paleoclimate in the Neoproterozoic has changed 
drastically. Information of paleoenvironment can be unveiled 
from the sedimentary rocks owning special textures, 
geochemical features to improve understanding in 
paleoenvironment and the evolution of life during 
Neoproterozoic. 

We report geochemical and Sr-Nd-Pb isotopic composition 
of sedimentary rocks of the Doushantuo Formation exposed in 
the Jiulongwan section, the northern Yangtze block. The 
Doushantuo Formation, being upper Neoproterozoic strata 
overlying the glaciations of the Nantuo Formation, can be 
divided into four rock units, from bottom to top, carbonates, 
black shale and dolomite interbedding, dolomite and thin layer 
of limestone interbedding, black shale. 

 Analytical results shows that sedimentary rocks from the 
Doushantuo Formation have high initial Sr and low initial Nd 
isotopic composition, indicating a mature old upper crust as the 
provenance. TDM values of the sedimentary rocks ranges from 
1.5 to 2.3 Ga and initial εNd (560 Ma) spans at -11.1 to -2.7, 
which are similar with the signature of sedimentary rocks of 
the Banxi Groups in the Yangtze block. Pb isotopic 
composition of the sedimentary rocks also indicates old crustal 
section as major material sources during the deposition. From 
bottom to top of the Doushantuo Formation, initial εNd values 
of the sedimentary rocks gradually decrease and TDM values 
increase, indicating change in crustal ages of the sources. 
Modal calculation using Sm-Nd composition shows that the 
Archean Kongling Complex has probably provided up to 60% 
material for black shales in the upper Doushantuo Formation. 
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A spatial association between organic matter and gold has 

been recognised for many years, leading to to speculation on 
the role that organic matter plays in the source, mobility, 
transportation and precipitation of gold. To investigate the 
effects of organic matter on gold transport, we examined rock 
samples distal to the Macraes Gold Deposit in New Zealand to 
investigate links between organic matter and the source of gold 
for the Macraes deposit.  

Petrographic analysis and acquisition of Raman spectra 
(Figure 1), facilitated identification of four kinds of organic 
matter (OM) with varying maturity and origins. In prehnite-
pumpellyite and pumpellyite-actinolite grade rocks, the lowest 
maturity OM1 coexists with framboidal pyrite. Well-
crystallized OM 2 is also found in low grade samples and may 
have been deposited by fluids from deeper in the sequence. At 
the highest metamorphic grades studied (greenschist),  well 
organised OM 3, interpreted as in-situ is interpreted to have 
formed from OM 1 with increasing temperature. The less-
crystallized OM 4, which is also found in greenschist facies 
rocks associated with veins, may have precipitated from 
metamorphic fluids and is of interest as such fluids may also 
have transported gold.   

Further analysis will focus on the gold distribution in 
organic matter. Results will contribute to a new understanding 
of ore-forming processes. 

 
 
 
 
 
 
 
 
 

 
 
 
Figure 1: Raman spectra of the four types of organic matter 
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Authigenic carbonates formed at marine hydrocarbon 

seeps provide a unique geological archive of past local 
environmental conditions and pore fluid geochemistry. Recent 
works on such carbonates revealed variable Ce anomalies and 
anomalous enrichments of some trace metals. However, the 
mechanisms accounting for such anomalies remain poorly 
constrained. Here, we characterize the rare earth element 
(REE) patterns of carbonate phases and the trace metal patterns 
of bulk carbonate rocks sampled at three hydrocarbon seeps 
located at Congo Fan pockmarks (CF) and the Gulf of Mexico 
sites AC645 and GB425. The analyzed CF, GB425, and 
AC645 carbonates yielded different REE patterns, displaying 
positive, no, as well as negative Ce anomalies. The covariation 
of molybdenum (Mo) with uranium (U), including authigenic 
Mo (Moauth) and U (Uauth) enrichments and (Mo/U)auth ratios 
proved useful to obtain new insight into the applicability of Ce 
anomalies to constrain past redox conditions. The results 
suggest: 1) the CF carbonates formed in a restricted sulfidic 
environment; 2) AC645 site apparently experienced 
intermittent oxygenation causing negative Ce anomalies; 3) 
environmental condition at the GB425 mud volcano site were 
variable. Interestingly, the GB425 carbonates show significant 
Mo, As, and Sb enrichments with the enrichment factor of As 
(AsEF) correlating well with the authigenic Fe fraction, 
suggesting that Fe-oxy-hydroxides played an important role in 
the absorption of Mo, As, and Sb in water column and their 
transportation to sediment. The combination of trace metal and 
REE geochemistry of authigenic carbonates used here is a 
powerful tool to better assess past variability of redox 
conditions and biogeochemical processes at marine seeps. 
 
Acknowledgment: This study was partially supported by 
NSFC (91228206) 
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Oil and gas in carbonate rock took an important role in the 

global oil industry, but it was very complicated and difficult 
for exploration in China, because there were so many special 
features for marin carbonate, such as older strata and deeper 
buried depth. Recently large scale gas field was found in 
Cambrian-Sinian in central Sichuan basin, it was new 
breakthrough in carbonate in China. 

According to tradional recognizing, source rock of 
Qiongzhusi group of lower Cambrian was main hydrocarbon 
source, with depth of 100-240m and widespread.But paleo-
uplift in central Sichuan basin was formed early and long-term 
inheritedly developed. Source rock in flank firstly matured and 
oil and gas gathered by the way of lateral migration for a  long 
time. Because top of paleo-uplift was far away from source 
rock, it was not favorable accumulation area. 

In the research, large-size erosional valley which crossed 
the entire basin from east to west was found, with the 
narrowest width of 50Km and the widest with of 200Km. 
Thicken source rock of Qiongzhusi formation was filled in 
valley, with the width of 300-400m and Toc of 1.1-4.8%. It 
was high quality sapropel-type source rock and traditional 
recognizing for distribution of source rock was changed . 

Furthermore, because valley was deep and source rock 
matured in early stage, hydrocarbon near source was favorable 
condition for large-size gas field in central Sichuan basin. 
 
Key words: Sichuan basin; Cambrian-Sinian; erosional valley; 
source rock of Qiongzhusi formation 
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238U-230Th-226Ra and 235U-231Pa disequilibria in arc lavas 

provide a unique tool to constrain the time-scale of material 
transferring from the subducted slabs to the mantle wedge and 
crust. There is an increasing consensus on observations of U-
series disequilibria in arc lavas. Most young arc lavas have 
(231Pa/235U) and (226Ra/230Th) > 1; majority of young lavas have 
(238U/230Th) > 1, while about one-third samples have 230Th 
excess. However, the origin of the disequilibria is still in 
debate with two main groups of models. First, U-series 
disequilibria are inherited from the subducted materials added 
to the mantle wedge (e.g. [1,2]), implying that the transfer 
time-scale is strictly within several τ1/2 of short-lived nuclides; 
and second, U-series disequilibria may reflect a long in-growth 
process during mantle melting [3,4]. 

In this talk, I will present a critical reappraisal on these two 
models. The inheritage model assumes that residual minerals 
can hold some U-series nuclides relative to the others during 
dehydration and partial melting of the subducted slab, 
producing U-series diseqilibria in hydrous fluids or 
sedimentary melts. However, there are difficulties to account 
for disequilibria between different parent-daughter pairs in a 
self-consistent scenario. On the other hand, the in-growth 
model emphasizes the “in-growth” of short-lived nuclides in 
melting. This model is complicated by the varible fO2, partition 
coefficients, subduction rates, melting rates, and porosities in 
the mantle wedge of global subduction zones, requiring more 
studies on geophysics, experimental petrology, and U-series 
analyses for primitive lavas. Finally, the correlations between 
U-series disequilibria and other geochemical data (such as 
Sr/Th and Ba/Th) have been used to understand the source 
effect on U-series disequilibria. However, such correlations are 
more likely to be produced by magma differentiation in the 
crustal level instead of the source effect, because most arc 
lavas are highly evolved. 
 
[1] Turner et al (2003) Rev. Mineral. Geochem. 52, 255–315. 
[2] Avanzinelli et al (2012) GCA 92, 308-328. [3] Huang et al 
(2011) GCA 75, 195-212. [4] Reubi et al (2011) EPSL 303, 
37-47. 
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Fibrous and coated diamonds usually contain fluid 
inclusions providing information about upper mantle fluids. At 
least three end-member fluids have been identified based on 
their chemical composition: silicic, saline (or brine) and 
carbonatitic1, suggesting different sources and reaction 
histories of the fluids involved in diamond formation.  

We have taken advantage of recent developments in 
aqueous solution chemistry at elevated temperatures and 
pressures to investigate the speciation and possible sources of 
aqueous fluids in diamonds. We used equilibrium constants 
linking minerals and aqueous inorganic and organic ions, 
complexes and neutral species predicted with the Deep Earth 
Water model2 to develop aqueous speciation-solubility models 
at 900 ºC and 4.0 GPa. We calculated the speciation of 
aqueous fluids in equilibrium with model eclogite and with 
harzburgitic peridotite in the system Na2O-K2O-CaO-MgO-
FeO-Al2O3-SiO2-H2O-CO2-H2-HCl assuming a logfO2 value of 
2 units below the quartz-fayalite-magnetite buffer3. 

We found that the calculated eclogitic and peridotitic fluids 
match the silicic and saline end-member fluid inclusion 
compositions, respectively. The calculated pH of the eclogitic 
fluid is strongly alkaline, resulting in high total dissolved silica 
in the presence of coesite and the aqueous silica species 
Si(OH)4

0 (60%), SiO(OH)3
- (21%) and Si2O(OH)6

0 (19%). 
However, the peridotitic fluid has a pH closer to neutral, and 
low total dissolved silica (mainly Si(OH)4

0) because of 
enstatite and forsterite. For both fluids, equilibrium with 
phlogopite was assumed, with Na calculated by charge 
balance, resulting in low predicted K concentrations in the 
eclogitic fluid, and high K and K/Na ratio in the peridotitic 
fluid, consistent with the published fluid inclusion analyses. 
This result suggests that K-rich aqueous fluids could be a 
characteristic feature of peridotite in the upper mantle, in 
contrast to hydrothermal fluids in the shallow crust.  

Overall, our results suggest that an aqueous, saline, K-rich 
fluid could originate from peridotite, and that an aqueous, 
silicic, low-K fluid could originate from the eclogitic parts of 
subducting slabs.   

 
[1] Klein-BenDavid et al (2007), GCA, 71, 723-744; 
Tomlinson et al (2006), Earth Plan. Sci. Lett. , 250, 581-595. 
[2] Sverjensky et al (2014), GCA, 129, 125-145. [3] Frost & 
McCammon (2008), Ann. Rev. Earth Plan. Sci. 36, 389–420. 
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The distributions of the long-lived thorium (Th) isotopes, 
232Th (t1/2 = 1.4×1010 years) and 230Th (t1/2 = 75,690 years), in 
the ocean have recently received more attention because of 
their potential for estimating detrital fluxes, including dust-
derived fluxes to the ocean both today and in the past. The 
main controls on the depth profiles of these two isotopes in the 
modern ocean continue to be debated due to limited modern 
seawater data. To further improve our understanding of 
sources, sinks and cycling of seawater Th isotopes, 
measurements of dissolved and particulate 232Th and 230Th 
were made across the subtropical North Atlantic along the U.S. 
GEOTRACES section occupied in 2010 and 2011. The section 
included a region of high Saharan aerosol flux, from Portugal 
to Mauritania, and from there via Bermuda to Woods Hole 
along Line W. 

In this study, high concentrations of dissolved 232Th were 
observed in shallow water of the stations closest to Sahara dust 
plume as expected for a dust supply of lithogenic material to 
the ocean, and near the coast of the western Atlantic basin, 
most likely due to lateral advections from continental shelves. 
In the East-West depth transect, significant removal of 232Th 
and 230Th was detected near the hydrothermal plumes, 
nepheloid layers, and continental margins, indicating strong 
scavenging of these two isotopes by particles. Short residence 
time of Th and high 232Th fluxes in the surface ocean were 
obtained at the sites close to the dust plume area and near the 
coast, suggesting significant influences of lithogenic input 
sources on seawater Th isotopes in the subtropical North 
Atlantic. A comparison of dissolved and particulate Th 
isotopes will be discussed in order to further constrain the main 
controls on the observed distributions of seawater Th isotopes. 
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Chemical and Re-Os isotopic study of the mantle rocks of 
ophiolites in the Bangong-Nujiang suture zone in central Tibet 
has provided a coherent picture for the evolution of  the 
Bangong-Nujiang Tethyan oceanic mantle from MOR to SSZ 
settings. 

Cpx-harzburgites and lherzolites in the Bangong Lake 
ophiolite were formed in a MOR setting. Suprachondritic 
187Re/188Os (up to 1.833) of bulk-rock and spinels in cpx-
harzburgites can be explained by mixing with high Re/Os 
melts. TRD ages (0.48-0.55 Ga) suggest these rocks represent a 
Pan-African lithospheric mantle beneath the Gondwana 
continent. High TiO2 in spinels and bulk rock imply the 
lherzolites were formed through a refertilization process. 
187Os/188Os (0.12113-0.12261) of bulk-rock lherzolite give TRD 
ages of 1.0-1.3 Ga, indicating the existence of 
Mesoproterozoic lithospheric mantle under spreading ridges. 

Mantle rocks in the SSZ-type ophiolites from Bangong 
Lake, Dongqiao and Nagqu reflect the complicated evolution 
of the Bangong-Nujiang oceanic mantle during the subduction 
stage. Most harzburgites from the Bangong Lake ophiolite give 
TRD ages of 1.2-1.7 Ga, possibly representing relics of a 
Mesoproterozoic lithospheric mantle. However,  three samples 
have both high Os contents (1.316-3.699 ppb) and high 
187Os/188Os (0.12603-0.12971), and may be Mesozoic oceanic 
lithospheric mantle. 187Os/188Os ratios of dunites and 
harzburgites from the Dongqiao and Nagqu ophiolites vary 
from 0.11740 to 0.13163 and give TRD ages up to 1.4 Ga, also 
suggesting the existence of a Mesoproterozoic lithospheric 
mantle which has experienced later melt percolation. 

We interpret the old mantle domains in Bangong-Nujiang 
ophiolite belt as relics of ancient sub-continental lithospheric 
mantle, which may have survived during the opening of the 
Bangong-Nujiang Tethyan ocean basin, and subsequently were 
incorporated into Mesozoic oceanic lithospheric mantle. 
 
This study was funded by the National Natural Science 
Foundation of  China (Grant no.40972056, 41172059) 
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Due to the unique conditions (e.g., high temperature, low 

pH and oxygen), acidic hot springs are considered as extreme 
environments, yet they contain abundant thermoacidophilic 
microorganisms capable of surviving and functioning under 
such conditions. This work was aimed to study the impact of 
environmental variables on microbial diversity, including 
temperature, pH, geochemistry, as well as mineralogy 
composition. Microbial communities in acidic hot springs from 
two different areas (Tengchong in China and the Philippines) 
were investigated and compared using an integrated approach 
that included geochemistry and next-generation sequencing. 
Regardless of large geographic distance, the archaeal 
communities in these hot springs were both dominated by 
phyla Crenarchaeota, Euryarchaeota, and unclassified 
Archaea; while Bacteria were mainly composed of phyla 
Aquificae, Firmicutes, and  Proteobacteria. In acidic hot 
springs of the Philippines (Temperature: 60–92°C, pH 3.72–
6.58), microbial communities were predominated by those 
related to sulfur metabolism, which are different from those in 
acidic springs of Tengchong (Temperature: 44-91°C, pH 2.34–
6.86). The results of this study improve our understanding of 
microbial diversity and community composition in extreme 
environments, and provide information for further 
investigation of early life evolution on earth. 
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The classical “Pb isotope paradox”, that major crustal and 
mantle reservoirs have Pb isotopes more radiogenic than bulk 
silicate Earth, requires a missing reservoir with sufficiently 
unradiogenic Pb [1].  This missing unradiogenic Pb has been 
argued to be in the lower continental crust or dissolved in the 
core early in Earth’s history, but granulite terranes are not 
sufficiently unradiogenic and the timing of core formation 
implied by Pb sequestration into the core is too young 
compared to that determined by 182Hf-182W systematics.  Here, 
we propose that the formation of continental crust requires the 
formation of a large complementary reservoir of sulfide-
bearing mafic cumulates, consistent with observations of 
sulfide-rich pyroxenite cumulates in volcanic arcs, where 
continental crust is forming today [2].  Because Pb strongly 
partitions into sulfides and U is negligible in these cumulates, 
the formation of continents over Earth’s history must have 
simultaneously generated a time-integrated unradiogenic Pb 
reservoir composed of sulfide-bearing cumulates, now 
recycled back into the mantle or stored in the continental 
lithosphere.  Because 4He are key products of the U-Th-Pb 
decay system, the generation of an unradiogenic Pb reservoir 
should lead to coupled He-Pb isotopic systematics.  We show 
that He is soluble in sulfide melts, such that sulfide-bearing 
cumulates would be enriched in both Pb and He relative to U 
and Th, “freezing” in 3He/4He, 206Pb/204Pb and 207Pb*/206Pb* 
(the ratio of radiogenic ingrowth of 207Pb and 206Pb since the 
Earth formation) of the ambient mantle at the time of sulfide 
formation.  Tapping of ancient sulfide-bearing cumulates may 
thus provide a simple explanation for why the high-3He/4He 
endmember in ocean island basalts (OIBs) is commonly 
associated with low-206Pb/204Pb and high-207Pb*/206Pb* [3, 4]. 
Therefore, the high-3He/4He, -207Pb*/206Pb* and low-206Pb/204Pb 
reservoirs in the OIB source may represent the complements of 
continent formation rather than primordial parcels of the 
mantle that have remained unprocessed through Earth’s entire 
history.  
 
[1] Allegre, C. J. (1968) EPSL 5, 261-269. [2] Lee, C.-T. A. et 
al (2012) Science 336, 64-68. [3] Class, C. & Goldstein, S. L. 
Nature 436, 1107-1112. [4] Jackson, M. G. et al (2010) Nature 
466, 853-856. 
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With more than 50% carbon (by weight), coal is a great 
source for hydrocarbons such as methane. Coal is recalcitrant 
and complex in structure. It is resistant to direct biological 
degradation. This study evaluated the influence of four 
chemical pretreatment agents (HNO3, catalyzed H2O2, KMnO4, 
NaOH) on the subsequent enzymatic conversion of 
subbituminous coal by a fungal manganese peroxidase (MnP) 
produced by the agaric white-rot fungus Bjerkandera adusta. 
The effects of the combined chemical and enzymatic 
treatments were analyzed by high performance size exclusion 
chromatography (HPSEC) and 3-dimensional excitation 
emission matrix fluorescence spectroscopy (3D-EEM). The 
nature of pretreatment agents and their applied concentrations 
had significant impacts on subsequent enzymatic conversion of 
coal. The 3D-EEM spectroscopic analysis provided new 
insight into the nature of the depolymerized and released coal 
constituents. Using the fluorescence spectra, it was possible to 
distinguish among humic-like, fulvic acid-like and 
aromatic/PAH-like substances. The fungal enzyme MnP had 
little effect on the untreated coal controls. Nitric acid (HNO3) 
was the most effective pretreatment agent as indicated by the 
HPSEC profiles, followed by catalyzed H2O2 and KMnO4. 
Low molecular weight aromatic fragments with sizes ranging 
from 1.1 to 6.2 kDa were released by all of the pretreatment 
agents used in combination with MnP. For KMnO4 and HNO3 
pretreated coal, all four EEM regions increased after MnP 
treatment. Chemical and enzymatic combined treatments of 
subbituminous coal is appropriate for enhanced 
depolymerization and results in chemically heterogeneous and 
complex liquefaction products. In conclusion, this may have 
important ramifications in the generation of liquid and gaseous 
fuels from coals that is an important approach to the 
development of nonpetroleum-derived fuel alternatives. 
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Microbes in terrestrial environments regulate many vitally 

important processes, including mediating greenhouse gas 
fluxes and contaminant remediation. In spite of their critical 
role, little is known about complex interactions among 
microbes, minerals, migrating fluids and dissolved constituents 
that emerge in heterogeneous terrestrial environments across a 
great range of scales. The new, Department of Energy 
sponsored ‘Sustainable Systems 2.0’ project aims to develop a 
predictive understanding of how the subsurface microbiome 
affects biogeochemical watershed functioning, how watershed-
scale processes affect microbial functioning, and how these 
interactions co-evolve with climate and land-use changes. The 
initial project investigations are being carried out at a Colorado 
River floodplain located in Rifle CO. This presentation will 
describe recent project advances: metagenomic analysis 
revealing the extraordinary genomic diversity of aquifer 
microbiomes and their roles in terrestrial system 
biogeochemical cycling; soil, vadose zone and groundwater 
biogeochemical monitoring revealing high spatiotemporal 
variability of DOC in response to hydrological pulses; 
approaches for quantifying organic-mineral associations; field 
redox manipulation responses; and progress in developing a 
genome-enabled watershed simulation capability. 
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Understanding microbial life in subsurface oil reservoirs is 
central to deep biosphere ecology, and to bioengineering 
interventions in areas such as souring control and enhanced 
residual oil recovery. The former can be achieved by 
stimulating nitrate-reducing bacteria, which combat the 
activity sulphate-reducing bacteria, and the latter may be 
achieved by stimulating microbial methane production. We 
investigated the microbiology of basal water and surface-
mined bitumen from an Athabasca oil sands reservoir (Alberta, 
Canada) in microcosms that were incubated for 3000 days 
under different redox conditions, with severely biodegraded oil 
sands as the only organic substrate. In all microcosms that did 
not receive nitrate, methane was eventually produced reaching 
maximum values of ca. 8,000 to 40,000 ppm, including in 
microcosms initially under aerobic or sulfate-reducing 
conditions. Microbial community analysis of reservoir basal 
water and 3000-day methanogenic cultures pointed to possible 
syntrophic partnerships (i.e., different Proteobacteria and 
methanogenic Archaea) that may be coordinating to catalyze 
methanogenesis from heavy crude oil. These results confirm 
that microbial communities in Athabasca oil sands are capable 
of utilising organic carbon present in severely biodegraded 
heavy oil as substrates for further biodegradation and 
methanogenesis over long (>1000 d) time scales. However, 
prospects for enhanced and cleaner energy recovery from oil 
sands via biogas production by one or more of the putative 
consortia identified might be limited by the already-
biodegraded nature of the bitumen ‘feedstock’, since methane 
production rates were slower than results from other reservoir 
systems containing less biodegraded oil. The bacteria and 
archaea identified here may rather highlight the microbial 
legacy of in-reservoir biodegradation and how biology and 
“life on oil” created the Alberta heavy oil sands over geologic 
timescales. 
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Magma mixing is recognized as a ubiquitous process at 

stratovolcanoes. However, the degree to which mixing occurs, 
influences bulk compositions, and its importance to the 
generation of intermediate magmas remains controversial. 
Here we present new temperature and fO2 data, determined 
from the compositions of coexisting iron-titanium oxides, from 
13 lavas ranging in composition from basalt to dacite. These 
data are paired with plagioclase chemistry, textural variations, 
and crystal size distribution data to elucidate magma mixing 
processes at Mutnovsky volcano, Kamchatka. 

Mutnovsky is an arc front volcano located in southern 
Kamchatka, and consists of four eruptive centers (Mutnovsky 
I-IV) that began forming ~80 ka. The three oldest centers, 
Mutnovsky I-III, erupted predominantly basalt and basaltic 
andesite, but also minor volumes of andesite and dacite. 
Mutnovsky IV erupted only basalt and basaltic andesite. 

Geochemical modeling results indicate that Mutnvosky 
basaltic andesite may be the product of fractional 
crystallization (FC) of basalt combined with assimilation of a 
dacitic component. Subsequent FC of 60% clinopyroxene, 
30% olivine, and 10% magnetite from the basaltic andesite 
geochemically reproduces the chemistries of erupted andesites. 
Trace element modeling of erupted dacites is consistent with 
partial melting of underplated basaltic material (i.e., no FC or 
AFC of a more mafic magma). 

New temperature data for Mutnovsky lavas are as follows: 
basaltic lavas ~1000°C, basaltic-andesites ~900°C, andesites 
~850°C, and dacites ~950°C. Plagioclase compositions (An#) 
fall into two distinct populations, An80±10 and An45±5. The An# 
for basaltic and dacitic samples each show one population, 
An80 and An45, respectively. Basaltic andesites and andesite 
samples each contain both populations of plagioclase, with a 
minor component of An50-70. Sodic plagioclase in the basaltic 
andesites and andesites shows dissolution/resorption textures, 
indicating disequilibrium. These new data are consistent with 
mixing of a basaltic and dacitic component to generate the 
erupted intermediate lavas at Mutnovsky. 
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When all channels of the DRI cloud condensaation nuclei 

(CCN) spectrometers are plotted bimodal distributions are 
often apparent (Fig) and simultaneous direct aerosol 
measurements (i.e., differential mobility analyzer, DMA) show 
identical shapes.  Hoppel minima between the modes have 
been used to estimate cloud supersaturations (S) but for a 
DMA this requires particle composition assumptions (usually 
ammonium sulfate) that are not needed with CCN spectra.  
Simultaneous DMA spectra can be transposed from size to S 
(critical S, Sc) by applying particle solubility in terms of kappa. 
The kappa value that provides a compatible overlay (Fig) 
reveals CCN solubility, which depends on compositiion; e.g. 
1.28 for NaCl, 0.61 for ammonium sulfate, lower values for 
organics.  Typical lower S inferred from Hoppel minima than 
from direct comparisons of CCN spectra with cloud droplet 
concentrations can reveal important cloud physics; i.e., smaller 
droplets may not participate in cloud processes that produce 
Hoppel minima.  Cloud S identifies the atmospheric particles 
that produce cloud droplets and thus which particles produce 
the indirect aerosol effect, which is the largest climate 
uncertainty. Detailed CCN spectra also provide better 
correlations with droplet concentrations when multiple 
regression analysis is used, which can also reveal the relative 
importance of vertical velocity versus CCN for determining 
droplet microphysics.  Detailed CCN spectra also provide 
better inputs for model predictions of droplet spectra to 
compare with measured droplet spectra.  Data from numerous 
aircraft field  projects around the world are analyzed with these 
new techniquies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:  CCN and DMA spectra under California coastal 
stratus cloud deck.   
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Modern society requires metals, metalloids and other 

mineral products to maintain industrial and domestic activities. 
The extraction of these products generates enormous quantities 
of mine wastes, because the economic commodities generally 
make up a small proportion of the material extracted. It has 
been estimated that several thousand million tonnes per year 
are currently generated; the same amount of Earth materials 
moved by global geological proceseses [1, 2]. Liquid mine 
wastes including basic (pH 8-12), circumneutral (pH 6-8) and 
acid mine drainage (AMD, pH 0-5) are also abundant and 
voluminous [3].  

Mine wastes impact on the Earth's surface environment in 
many ways. Large volumes of waste fill tailings ponds, form 
piles at mine sites and cause excessive sedimentation of rivers. 
Solid mine wastes contain potentially toxic components that 
can be leached into waters or taken up by plants and humans 
[4]. AMD can cause acidification of water bodies and death of 
organisms.   

Despite these environmental impacts, mine wastes are one 
of Earth's treasure troves of minerals and of spectacular 
mineral reactions. The wastes contain a wide range of primary 
sulphide and oxide minerals that consistute the economic ores 
[5]. When exposed to Earth surface conditions, these minerals 
can undergo biogeochemical dissolution reactions, yielding 
secondary oxyhydroxides, oxyhydroxysulfates and other 
complex phases [6]. Products of mineral processing in the 
mine wastes (e.g., cyanide and high-temperature roasting 
phases) can also undergo such reactions and yield such 
secondary phases. Despite decades of research on these 
processes and products, there is still a wealth of information 
yet to be discovered and understood, especially given the new 
types of mine wastes that are constantly being generated. This 
information is essential to enable geoscientists to contribute to 
new mine development and for environmental and human 
health protection.  

 
[1] Fyfe (1981) Science 213, 105-110. [2] Förstner (1999) In 
Azcue (ed) Environmental Impacts of Mining Activities: 
Emphasis on Mitigation and Remedial Measures. Springer, 
Heidelberg, pp 1-3. [3] Nordstrom (2011) Elements 7, 393-
398. [4] Plumlee & Moran (2011) Elements 7, 399-404. [5] 
Jamieson (2011) Elements 7, 381-386, [6] Kossoff et al (2012) 
Min. Mag. 76 1209-1228. 
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Vast amounts of mine wastes are produced from the 

extraction and processing of mineral and energy deposits. 
Tailings, the crushed rock and fluids remaining after 
processing of the source materials in mills, washeries or 
concentrators, are one of the most common types of solid mine 
wastes. Mine tailings are discharged directly to the surface 
environment, used as backfill underground, and stored in open 
pits or in tailings impoundments. Once in these environments, 
tailings can undergo complex biogeochemical redox 
transformations that impact on their mineralogy and 
metal(loid) speciation. 

Tailings minerals comprise gangue minerals, residual 
uneconomic sulphides and oxides, and secondary oxides, 
oxyhydroxides and oxyhydroxysulfates. Many of these 
minerals contain redox-active metal(loids) and other elements, 
including As, Cu, Fe, Mn, Sb and S, and they are therefore 
susceptible to redox transformations. Examples include the 
oxidation of arsenopyrite to As(V)-bearing Fe oxides and 
oxyhydroxysulfates in tailings deposited on floodplains 
following the 1998 Aznalcóllar tailings dam spill [1], the 
oxidation of stibnite to Sb(V)-bearing Fe oxides in Bolivian 
mine tailings [2] and the reductive dissolution of goethite-
containing mine tailings with concomitant release of As(III) 
[3]. Many tailings redox transformations are microbially-
driven. Bacterium GM1, for example, converts As(III) to 
As(V) from tailings stored underground in Yellowknife, 
Canada [4].  

Although considerable advances have been made in 
characterizing and understanding redox transformations in 
mine tailings, the characters of secondary minerals produced, 
the kinetics, pathways and magnitudes of metal(loid) 
speciation changes and in the identities and biochemistries of 
microbes involved still represent significant knowledge gaps. 

 
[1] Hudson-Edwards et al. (2005) Chem. Geol. 219, 175-192. 
[2] Kossoff et al (2012) Min. Mag. 76 1209-1228. [3] Paktunc 
(2013) Appl. Geochem. 36, 49-56. [4] Osborne et al (2010 
BMC Microbiol. 10, 205.  
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Bioaerosols are relevant for public health and may play an 

important role in the climate system, but their atmospheric 
abundance, properties, and sources are not well understood. 
Through a series of recent ground-based measurements we 
show that bioparticles are often closely correlated with 
atmospheric ice nuclei (IN) and that in some locations, but not 
all, the concentration of airborne biological particles increases 
significantly during rain. The peak in bioparticle concentration 
is typically ~3 µm and the greatest rain-induced increase of 
bioparticles and IN occurred in the size range of 2-6 µm, 
which is characteristic for bacterial aggregates and fungal 
spores. DNA analysis from a study in a N. American pine 
forest shows high diversities of airborne bacteria and fungi, 
including groups containing human and plant pathogens 
(mildew, smut and rust fungi, molds, Enterobacteraceae, 
Pseudomonadaceae).  Long-term measurements of fluorescent 
bioparticles show seasonal increases during summer and fall, 
with reductions of more than an order of magnitude during 
winter.  Our findings suggest that atmospheric bioaerosols, IN, 
and rainfall are more tightly coupled than previously assumed 
and that daily and seasonal patterns in bioaerosol emission are 
broadly consistent and predictable. 
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Isoprenoid (iGDGTs) and branched (brGDGTs) are lipids 
comprising the cell membranes of archaea and some bacteria, 
respectively. Several indices describe the relationship between 
GDGT distribution and environmental parameters: the TEX86, 
based on the relative abundances of iGDGTs, and the MBT 
and CBT, based on the relative abundances of brGDGTs. To 
date, the relationship between iGDGT distribution and 
environmental parameters in soils has only been rarely 
examined. In this study, brGDGTs and iGDGTs were analysed 
in 41 surface soils collected along two altitudinal transects, 
between 500 and 2800 m in Mt. Rungwe (SW Tanzania) and 
between 1900 and 3300 m in Mt. Kenya (Central Kenya). A 
linear correlation between the MBT/CBT-derived temperatures 
and the altitude (R2 = 0.83) was obtained by combining the 
results of the two transects. In addition, the MBT/CBT-derived 
temperature lapse rate (0.5 °C/100 m) fitted with the one 
determined from in situ measurements. This shows that the 
MBT/CBT is a robust temperature proxy for East Africa. In 
Mt. Rungwe soils, a linear correlation (R2 = 0.50) was found 
between TEX86 and altitude, likely reflecting the adiabatic 
cooling of air with altitude on iGDGT distribution. This 
suggests that TEX86 might be used to track temperature 
changes in terrestrial environments in addition to MBT/CBT 
indices. However, a lower correlation (R2 = 0.38) between 
TEX86 and altitude was obtained for Mt. Kenya samples. 
Therefore, additional studies are needed to better understand 
the environmental factors controlling the iGDGT distribution 
in soils and to assess the applicability of the TEX86 as a 
temperature proxy in these environments. 
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Branched GDGTs (brGDGTs) are increasingly used as 
paleotemperature proxies. Nevertheless, only a few studies of 
these bacterial membrane lipids were performed in terrestrial 
archives. In this work, brGDGTs were analysed in non-
calcified and calcified living and dead roots, surrounding 
soil/sediment as well as reference material distant from roots. 
Samples were collected from two forest sites near Sopron (NW 
Hungary) and from a loess-paleosol sequence located at 
Nussloch (SW Germany), where calcified roots are highly 
abundant (up to 200 m-2). In both sites, brGDGTs were more 
abundant in root samples and/or rhizosphere compared to 
reference material, suggesting that brGDGT source 
microorganisms are closely associated with the root surface. In 
addition, low concentrations of intact polar brGDGTs, 
presumably deriving from recently active microorganisms, 
were detected in Late Pleistocene sediments at Nussloch, 
showing that brGDGTs may also be produced in deep subsoils 
> 2 m. In the forest subsoil at Sopron and in those intervals of 
the Nussloch profile where the ancient roots were most 
abundant, GDGT-based temperatures from calcified roots and 
rhizosphere were lower than those from reference material, 
likely due to the post-sedimentary incorporation of brGDGTs 
related to deep-rooting source plants. In contrast, brGDGT-
derived temperatures do not seem to be influenced by the 
presence of roots in topsoil, likely due to the much higher 
density of roots in topsoil than in subsoil and to the 
equilibration of root and non-root signal. Therefore, brGDGT-
derived temperatures have to be interpreted with caution in 
terrestrial archives, especially when (calcified) roots are locally 
abundant (>> 50 m-2). 
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Fe(II)-catalyzed recrystallization of Fe oxides can enable 

trace element release from and incorporation into Fe oxides 
[1]. As(V) was observed to incorporate into magnetite during 
the reductive transformation of lepidocrocite [2] and 
ferrihydrite [3] to magnetite, but was not observed to 
incorporate into goethite and hematite in the presence of Fe(II) 
[4].  As(V) was also observed to decrease the rate and extent of 
Fe(II)-catalyzed transformation of ferrihydrite to more 
crystalline iron oxides [5]. Here we investigate the potential for 
As(V) incorporation during Fe oxide recrystallization and the 
effect of As(V) on Fe(II)-catalyzed recrystallization of 
goethite, magnetite, and ferrihydrite. 

We measured isotope mixing between aqueous Fe(II) and 
magnetite, goethite, and ferrihydrite in the presence of As(V) 
by reacting isotopically “normal” Fe oxides with 57Fe-enriched 
aqueous Fe(II). We observed increasing inhibition of isotope 
mixing with increasing concentrations of adsorbed As(V) 
above 100 μM. Low levels of As(V) coprecipitation (As:Fe 
mole ratios of 0.0005-0.0155) had little influence on the extent 
of isotope mixing in goethite or magnetite. XAS and chemical 
extraction data suggest that adsorbed As(V) may be 
incorporated during reaction with goethite when aqueous 
Fe(II) is present, and with magnetite when aqueous Fe(II) is 
present or absent. Our results show that adsorbed As(V) can 
inhibit Fe(II)-catalyzed Fe oxide recrystallization and that Fe 
oxide recrystallization may enable As(V) uptake in the 
environment. 
 
[1] Latta et al (2012) Biochem. Soc. Trans.40 1191-1197. [2] 
Wang et al (2011) Environ. Sci. Technol.45, 7258-7266. [3] 
Coker et al (2006) Environ. Sci. Technol. 40, 7745-7750. [4] 
Catalano et al (2011) Environ. Sci. Technol. 45, 8826-8833. [5] 
Masue-Slowey et al. (2001) Geochim. et Cosmochim. Acta. 75, 
870-886  
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Crystalline ceramic materials show promise as potential 
waste forms for immobilization of high-level radioactive 
wastes. Rare earth (RE) phosphate ceramics have been found 
to be extremely stable over geological time scales [1] and they 
show good tolerance to high radiation doses [2]. These 
ceramics are able to incorporate radionuclides in well-defined 
atomic positions within the crystal lattice up to high (~25%) 
loadings [3], which will reduce the volume of waste in the 
radionuclide conditioning process. The dehydrated RE 
phosphates are known to crystallize in two distinct structures, 
depending on the ionic radius of the cation: the larger 
lanthanides from La3+ to Gd3+ crystallize in the nine-fold 
coordinated monazite structure, while the smaller lanthanides 
such as Lu3+ form eight-fold coordinated xenotime structures.  

Structural information on the radionuclide substitution in 
these RE phophates can be obtained by site-selective time-
resolved laser fluorescence spectroscopy (TRLFS). In our 
previous work [4] we studied the structural incorporation of 
Eu(III), taken as an analogue for the long-lived trivalent 
actinides Pu(III), Am(III) and Cm(III) found in spent nuclear 
fuel, in the monazite LaPO4. Eu3+ was found to incorporate on 
the La3+ site in LaPO4 as expected, despite slight discrepancies 
between the ionic radii of the host and dopant cations.  

In the present work we study synthetic Eu(III) doped 
LaPO4, GdPO4, and LuPO4, as well as mixtures thereof, to 
investigate the influence of the ionic radius and crystalline 
structure on Eu(III) substitution in the ceramic material. 
Results on Eu(III) substitution in the monazite and xenotime 
materials will be presented and influences of the ionic radii on 
Eu(III) substitution within the host cation sites will be 
discussed.  

 
[1] Donald et al (1997) J. Mater. Sci. 32, 5851–5887. [2] Luo 
& Liu (2001) J. Mater. Res. 16, 366-372. [3] Bregiroux et al 
(2007) Inorg. Chem. 46, 10372–10382. [4] Holliday et al 
(2012) Radiochim. Acta 100, 189–195.  
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The discovery of a remarkable set of paired stones (NWA 
7034, NWA 7533, etc.) that are breccias of basaltic 
composition of Martian origin has opened new windows on the 
early differentiation of Mars [1]. First, their major element 
composition is similar to that of rocks from Gusev crater and 
quite distinct from SNC meteorites making these meteorites 
representative of the Martian crust [1]. NWA 7533 has a 
siderophile element content comparable to the highest values 
observed in lunar highlands breccias, which together with the 
petrological and compositional evidence for compacted soil, 
establish it as a regolith breccia probably of highlands origin 
[2]. Further, high abundances of siderophile elements reveal 
that many of the igneous textured clasts are impact melts. 
Zircons from NWA 7533, occurring either in igneous-textured 
clasts or as isolated mineral clasts, yield U-Pb ages that define 
a discordia line on the Concordia plot, with a crystallization 
age of ~4.4 Ga and an annealing age of ~1.7 Ga [2]. Zircon 
ages from NWA 7034 extend this range to 4.44-4.35 Ga and 
~1.4 Ga [3]. Oxygen isotope compositions of NWA 7533 
zircons span the widest range of Δ17O yet measured in Martian 
rocks or their alteration products [4]. Despite the high 
MgO+FeO of NWA 7533, it contains only a trace of olivine 
occurring in impact melt spherules, while it has an olivine-
normative composition (prior to oxidation). A combination of 
oxidative weathering of the original olivine to form magnetite 
and free silica, followed by impact melting that removed any 
forsterite by reaction with free silica to form orthopyroxene, 
provides a useful model of the present mineralogical 
composition [5]. The enrichment factor of lithophile 
incompatible elements enables a geochemical estimate of the 
thickness of the Martian highlands crust of ~50 km [2].  

 
[1] Agee et al (2013) Science 339, 780-785. [2] Humayun et al 
(2013) Nature 503, 513-517. [3] Yin et al (2014) LPSC XL, 
abstract #1320. [4] Nemchin et al (2014) LPSC XL, abstract 
#1720. [5] Humayun et al (2014) LPSC XL, abstract #1880. 
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A long-term monitoring plan is important for assessing 
potential environmental impacts of both geological gas storage 
activities and unconventional gas exploitation. The 
geochemical monitoring approaches developed in the context 
of Carbon Capture & Storage (CCS) for potential leakage 
detection comprise (1) classic geochemical techniques with 
analysis of pH values and major and trace element 
concentrations in solution; (2) isotopic techniques with, for 
example, analysis of the C- and O- isotope ratios of CO2 and 
noble gases; and (3) novel techniques based on “non- 
traditional” isotopic approaches [1, 2].  These tools include 
both direct indicators of the presence of CO2 and indirect 
indicators resulting from water-gas-rock reactions induced by 
CO2 intrusion. These geochemical and isotopic approaches 
developed at geological CO2 storage sites can also be used for 
potential leakage detection at unconventional hydrocarbon 
reservoirs.  

This presentation focuses on how recently conducted CO2 
storage studies can inform monitoring strategies for assessing 
potential environmental impacts of shale gas exploitation. This 
will be illustrated by examples from recent studies dealing 
with leakage scenarios of CO2/stray gas accompanied by other 
contaminants and produced fluids (brine displacement in the 
case of CCS, fracking fluid flowback in the case of shale gas 
exploitation) and impact of leaking fluids on groundwater and 
surface water. Baseline studies to understand natural variability 
and sensitive tracers to track the potential shifts in geochemical 
compositions of groundwaters and their dissolved or free gases 
are key components of successful monitoring approaches.  
 
[1] Humez et al (2014), Chemical Geology 369, 11-30 [2]  
Humez et al (2014), Applied Geochemistry, In press 
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The compressibility of a material (or its reciprocal, the 

bulk modulus) is a fundamental parameter governing the 
behavior of materials at non-ambient conditions, but there 
currently exists no quantitative model explaining the bulk 
modulus of a material in terms of simpler parameters. A novel, 
semi-empirical model is presented which quantitatively 
predicts the bulk modulus of a crystalline ionic compound in 
terms of the compression of its constituent ions. The model 
assumes that ions are elastic spheres which compress 
reproducibly and independently of their environment, 
according to a simple first order equation of state. This 
framework introduces a new physical parameter unique to each 
ion called the ionic modulus, which is defined analogously to 
the bulk modulus of a material. Testing this model against P-V 
compression data for the alkali halides reveals that the model 
correctly predicts the bulk moduli of strongly ionic compounds 
within 10% error, significantly better than expected by 
statistics alone given the number of model parameters. In 
addition, it is demonstrated that the compressibility of most 
alkali metal and halide ions are a simple linear function of the 
zero pressure ionic radius. The results indicate that to a large 
extent, electron clouds compress reproducibly according to a 
simple physical law relating to the radial distribution of 
electrons. 
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Carbonatites are carbon-rich magmas that are crucial 

participants in the deep-Earth carbon cycle. The structure of 
carbonate-silicate liquids at high P-T conditions helps 
determine their physical and chemical properties at depth, but 
little is known about these liquids. To examine the liquid 
structure of carbonate-silicate binary systems as a function of 
pressure and composition, we performed in situ X-ray 
scattering experiments at HPCAT (Advanced Photon Source, 
Argonne National Laboratory) using a Paris-Edinburgh press. 
Mixtures from the CaCO3-CaSiO3 (calcite-wollastonite) and 
CaCO3-Mg2SiO4 (calcite-forsterite) binary systems were used 
to simulate mantle silicate carbonatites. Samples were loaded 
using the experimental setup of Yamada et al [1], and held at 
1800 oC and a pressure of either 3 or 6 GPa while energy 
dispersive X-ray scattering spectra were recorded. 

Pair distribution functions for pure calcite liquid calculated 
from the scattered X-ray intensities confirm the presence of an 
ionic liquid, as found by previous investigators. [2,3] The 
silicate-rich liquids show evidence of significant poly-
merization, even in melts rich in Mg2SiO4 starting material. 
For silicate-rich mixtures in both binary systems, the extent of 
silica polymerization, as measured by scattering at the nearest 
neighbor Si-Si distance of 3.3 Å, increases, goes through a 
maximum at ~40 wt% carbonate, and then decreases as the 
carbonate content is increased. Experiments at 3 and 6 GPa for 
fixed bulk compositions reveal that rising pressure increases 
the extent of silica polymerization in carbonatite melts, 
implying that decompression during buoyant ascent decreases 
the viscosity of the liquid. Thus, both pressure and carbonate-
silicate ratio are important controls on the polymerization state 
of silica in carbonate-silicate melts, while the Si:O ratio 
appears to have little influence. 

 
[1] Yamada, A. et al (2011) Rev. Sci. Instr. 82, 015103. [2] 
Waseda & Toguri (1977), Metall. Trans. B 8B, 563-568 [3] 
Benmore et al (2010), Phys. Rev. B 82, 224202. 
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Arc magmas erupted at the earth’s surface are commonly 
observed to be more oxidised than those produced at mid-
ocean ridges. One possible cause for this is that the transfer of 
fluids during subduction results in direct oxidation of the sub-
arc mantle wedge. However, an alternative hypothesis is that 
crustal processes, including fractionation and degassing of 
volatile-rich magmas, control the oxidation state of the arc 
magmas. This study sets out to isolate the effect of dynamic 
changes in H2O content on Fe oxidation state in partially 
hydrated and degassed, sulphur-free rhyolites.  

Rhyolites hydrated at both low and high temperatures 
show Fe3+/ΣFe increasing strongly with increasing H2O 
concentration. The overall change in oxidation state is broadly 
consistent with changes in water activity at constant fH2. In the 
low-temperature samples, this implies that the rate of hydration 
is not controlled by reaction-diffusion of hydrogen, but by 
water diffusion at constant fH2. During hydration at high 
temperatures, the melt may also undergo structural changes 
involving Fe and other network-modifying cations.  

Degassing results in clear spatial variations in H2O 
concentration, and samples show increasing Fe3+/ΣFe with 
decreasing H2O concentration. This can be explained by loss of 
H2 as well as H2O into the coexisting fluid, and is consistent 
with the predictions of thermodynamic models, taking into 
account the volume of fluid present in the experimental 
capsules.  

These new data raise further questions about the controls 
on fO2 during the generation, fractionation, storage and ascent 
of magmas in arc settings, in particular relation to the 
attainment of equilibrium in a dynamic system. We explore the 
effectiveness of potential solid and gas buffers in different 
parts of the sub-volcanic environment, and the importance of 
kinetic factors and partial disequilibrium in determining the 
quality of the petrologic record of fO2 changes during the 
generation and eruption of arc magmas.  
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Our ability to constrain the temperature and pressure of 
mineral-melt assemblages in igneous rocks through 
thermobarometry is fundamental to understanding the 
conditions of magma storage, fractionation, ascent and 
eruption. However, if the critical assumption of equilibrium is 
not tested rigorously, it may lead to significant problems in 
interpretation. We investigated plagioclase-melt thermometry 
in hydrous, subduction zone magmas using phase equilibria 
studies, thermodynamic modelling and natural datasets to 
assess the controls on the resulting pH2O-T patterns.  

Predicted contours of constant XAn in pH2O-T space (from 
hydrous to anhydrous) show that calculated temperature (Tcalc) 
increases strongly with decreasing H2O content, with ΔTcalc 
from ~150 °C to >400 °C using different thermobarometers. 
Natural sample suites give Tcalc that are strongly model-
dependent and can vary by >250 °C, especially at low H2O 
concentrations.  

We calculated suites of data in pH2O-T space from 
plagioclase-melt thermometry of melt inclusions and matrix 
glasses where the composition of the host or equilibrium 
plagioclase was well constrained. The natural data were for 
Soufrière Hills, Montserrat; Mount St Helens, USA; Unzen, 
Japan; Izu Oshima, Japan; and Shiveluch Volcano, Kamchatka. 
All datasets defined arrays of negative slope in pH2O-Tcalc 
space, which, taken at face value, could be interpreted as 
significant heating during decompression crystallisation. 
Regressions indicate that 68-92% of the calculated temperature 
increase actually results from variations in H2O content of the 
glass. In contrast, the anhydrous glass composition typically 
plays a minor role in controlling Tcalc, while plagioclase 
composition is not a significant factor.  

Importantly, the plagioclase-melt KD(Ab-An) varies 
systematically with pH2O, melt composition and plagioclase 
content, and therefore does not seem to be a good criterion for 
equilibrium. We suggest that the apparent heating effect, seen 
as high Tcalc at low H2O contents, in part actually reflects an 
increase in the degree of disequilibrium as the ‘effective 
undercooling’ increases during decompression crystallisation. 
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Oxygen isotope fractionation between calcite and water is 
temperature-dependent and can be used as a paleo-
thermometer. Although fractionation is expected from 
principles of equilibrium partitioning, the temperature-
dependence remains uncertain because slow exchange between 
dissolved inorganic carbon (DIC) species and water can 
obscure the temperature signal. Oxygen isotopic equilibrium 
between water and calcite requires both equilibrium between 
DIC species and water, and equilibrium between DIC and the 
precipitated calcite. To isolate kinetic effects arising at the 
mineral-solution interface, isotopic equilibrium among DIC 
species must be maintained. Dissolving the enzyme carbonic 
anhydrase into the solution reduces the time of isotopic 
equilibration between DIC species by approximately two 
orders of magnitude. We conduct calcite growth experiments 
aimed at measuring the pH-dependence of kinetic effects 
during precipitation of calcite at pH 7.7-9.3 and 25°C. For each 
experiment, a mixture of N2 and CO2 is bubbled through a 
beaker containing ~1.3 L of solution. As the CO2 dissolves, 
calcite crystals grow on the beaker walls. The pH is maintained 
by injecting NaOH using an autotitrator. We control the T, pH, 
the rate and pCO2 of gas influx, and monitor the total 
alkalinity, the pCO2 outflow, and the NaOH added.  A crystal 
growth rate of ~1.6 mmol/m2/hr is maintained over all 
experiments. Results are in excellent agreement with a 
recently-developed ion-by-ion growth model of calcite, and 
provide the first constraint on the distinct kinetic fractionation 
factors of carbonate and bicarbonate ions. 

 
Figure 1. Measured vs. modeled pH dependence to Δ18Oc-w. 
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Clumped isotope thermometry provides reliable estimates 
of pedogenic (soil) carbonate formation temperature without 
making assumptions about the composition of ancient surface 
waters. The challenge lies in relating soil carbonate formation 
temperatures—which record soil conditions when and where 
the carbonate forms—to convenient climate variables such as 
mean annual soil or air temperature. We examine this issue 
from two perspectives: first, by studying the relationship 
between environmental conditions and temperatures of 
Holocene soil carbonate formation, recorded by clumped 
isotopes, in the Andes (~30-33 °S); and second, by developing 
a multi-proxy climate record in the Palouse loess of Eastern 
Washington. Carbonate formation occurs when the soil 
solution becomes sufficiently supersaturated with respect to 
calcite. This is most likely when the soil is warm and dry, and 
indeed studies of Holocene soils indicate that carbonate 
formation is generally biased towards the summer months. 
However, our results from densely sampled elevation transects 
in the Andes show that carbonate formation may occur during 
cooler times of year in climates with persistently wet summers, 
highlighting the potential importance of the seasonality of 
precipitation and the phenology of vegetation  for the timing 
and temperature of soil carbonate formation. These variables 
must be considered alongside temperature change when 
interpreting soil carbonate clumped-isotope temperatures 
across climate transistions. Whereas the Andean carbonates 
formed in stable soil profiles that did not experience significant 
aggradation or erosion during pedogenesis, the Palouse loess 
carbonates formed beneath an aggrading soil surface. 
Consequently, the loess stratigraphy, phytoliths and isotopic 
composition of soil carbonate may record Pleistocene to 
Holocene environmental change at a high-resolution. Our 
preliminary work suggests that carbonate morphology (e.g., 
matrix carbonate vs. rhizoliths or filaments) may be important 
for clumped isotope temperatures, and underscores the 
potential influence of the difference in timing among sediment 
deposition, soil development and carbonate formation on the 
rich archive of paleoclimate preserved in loess. 
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The transport of volatiles between magma and the ground 

surface depends mainly on their initial abundances, their 
solubility in water, their reactivity with rocks, and ultimate 
transport along permeable pathways. Episodic fluid flow from 
the high pressure ductile region surrounding partially molten 
magma to the hydrostatically pressured brittle crust results in 
boiling and phase separation. At Yellowstone, the more water-
soluble volatiles, chlorine and fluorine are transported by 
groundwater to the relatively low-elevation areas in the 
Firehole River and Gibbon River geyser basins where they are 
discharged. Steam and less soluble gases (CO2 H2S, H2, CH4, 
He) are exsolved from the thermal waters, and discharged at 
the high-elevation, “acid sulfate” areas, typically near the 
eastern margin of the Yellowstone Caldera, where the 
seismically imaged partially molten magma appears to be 
shallowest. Although reaction of HCl and SO2 with crustal 
rocks may occur at near-magmatic temperatures, most of the 
reaction of CO2 occurs at temperatures <270°C, manifested by 
higher HCO3

- concentrations in thermal waters. In the shallow 
hydrothermal system, sulfur speciation is complex because it is 
a key redox element that supports different microbial 
populations through a series of energetically favorable 
reactions. Measurements of dissolved volatiles discharged 
from the Yellowstone hydrothermal system through rivers 
have been carried out since 2002. Riverine volatile discharge 
decreases in the following order, CO2 (as HCO3

-) > Cl- > S (as 
SO4

2-) >F- . Diffuse CO2 flux measurements in thermal areas 
made since the late 1990s suggest a total emission rate of 20-
50 kt/d. The significantly different Cl/F dissolved in glass melt 
inclusions (~0.5 by mass) compared with the ratio in the 
thermal discharge (~8) implies a major fluorine sink in the 
hydrothermal system, which is likely controlled by the 
solubility of fluorite (CaF2). 
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The major element chemical composition of the lower 

mantle is uncertain and its determination is important for many 
problems in earth and planetary sciences. The seismically 
derived densities and wave velocity structures for the mantle 
can be used to test models of mantle compositions. This 
involves calculating mantle densities or velocities with mineral 
properties from laboratory experiments to match the 
constraints from seismology. Mg-perovskite and ferropericlase 
are two major phases that comprise up to 93 vol% of the lower 
mantle.  Iron is expected to be distributed among these two 
phases, affecting the density and elastic properties of the 
minerals.  However, the distribution of Fe between 
ferropericlase and Mg-perovskite (KD), especially for Al-
bearing systems, shows a wide range of behavior throughout 
the literature and is poorly understood, limiting the extent to 
which the composition of the lower mantle can be constrained.   

We have used a variety of empirical formulations of the 
excess Gibbs free energy of mixing for these two minerals, 
thus  exploring possible expressions for the distribution of Fe 
among Al-Mg-perovskite and ferropericlase. The expressions 
are fitted to data via least squares fitting. We will further 
investigate whether the new formulation that is giving us the 
best fit can be generalized and applied to other systems that 
involve Fe-Mg partitioning.  A formulation that is capable of 
explaining data in the literature may make it possible to derive 
KD values suitable for 
the P-T conditions of the 
lower mantle, shedding 
light on its elemental 
composition. The figure 
on the right shows the 
mole ratio of Fe/(Fe+Mg) 
in ferropericlase (y-axis) 
plotted against the same 
ratio in Mg-perovskite 
(x-axis) for KD at 0.4 
and 0.7 using what we 
currently believe is our 
best formulation. 
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Hornblende-dominant mafic to intermediate rocks intrude 

at all crustal levels within a tilted crustal section exposed in 
Joshua Tree National Park (JTNP) in the southern Mojave 
Desert of California. At JTNP, these bodies range in 
composition from hornblende gabbro to tonalite-granodiorite, 
and some sheets and pods observed have a cumulate texture 
and predominance of hornblende suggestive of fractional 
crystallization. The style of intrusion is controlled by the depth 
of emplacement, forming roughly equant, equigranular bodies 
in the upper crust, porphyritic sheets in the middle crust, and a 
variety of shapes in the migmatitic lower crust.  

We establish a multi-stage emplacement history through 
field observations, petrography, U-Pb in zircon radiometric 
dating, and bulk rock and single mineral geochemistry 
suggesting Late Cretaceous (~80-74 Ma) magma bodies 
incorporating components of Jurassic (~148 Ma) intermediate 
intrusions and Proterozoic (~1400, ~1700 Ma) metamafic 
amphibolites through anatexis and incorporation of xenocrysts. 
As primary mafic melts mix with magmas from different 
anatectic sources to form intermediate compositions, we see 
evidence of increasing complexity in plagioclase and 
hornblende zonation with increasing silica. 

While it is well-established that crustal melting contributes 
to plutonic formation and growth (e.g. peraluminous 
granitoids), an important observation at JTNP is the genesis of 
silica-poor, hornblende gabbros through crustal melting. An 
abundance of gabbros, tonalites, and peraluminous granites 
with crustal Sr-Nd-Pb isotopic signatures (>0.707 Sri) supports 
formation by the partial melting of a heterogeneous 
metaigneous and metasedimentary source. Similar gabbros and 
migmatized cratonic blocks have been observed across the 
Transverse Ranges and Mojave, suggesting a zone of intense 
partial melting and an elevated and persistent heat source at the 
base of the crust in the latest Cretaceous. This scenario is not 
compatible with the currently understood tectonic regime of 
flat subduction of the Farallon plate, and we interpret this to be 
a result of asthenospheric upwelling and decompression 
melting at this time resulting from a previously unrecognized 
slab tear. 
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Biomass burning is a seasonal phenomenon in different 
land ecosystems around the world. These fires, which can 
originate from natural or anthropogenic causes depending on 
region and circumstances, are estimated to consume biomass 
containing a total of 2-5 petagrams of carbon globally every 
year, generating intense heat energy, and emitting smoke 
plumes that comprise different species of aerosols and trace 
gases. Many of these fire emissions when produced in large 
amounts can have adverse effects on human health, air quality, 
and environmental processes. However, because of the 
inherent difficulty in quantifying these emissions in near real-
time by traditional methods, it has hitherto been challenging to 
parameterize them accurately in models used for biosphere-
atmosphere interaction studies or air-quality monitoring and 
forecasting. Fortunately, a series of recent studies have 
revealed that both the rate of biomass consumption and the rate 
of emission of aerosol particulate matter by open biomass 
burning are directly proportional to the fire radiative energy 
(FRE) release rate, which is fire radiative power (FRP) that is 
measurable from space. We have leveraged this relationship to 
generate a global, gridded dataset of emission coefficients (Ce) 
of smoke particulate matter using measurements of FRP and 
aerosol optical depth (AOD) from the Moderate-resolution 
Imaging Spectro-radiometer (MODIS) twin sensors aboard the 
Terra and Aqua satellites. This first version of the  
Fire Energetics and Emissions Research (FEER.v1)  
global Ce product is available at 1°x1° resolution at 
http://feer.gsfc.nasa.gov/. Ce is a simple coefficient to convert 
FRE (or FRP) to smoke aerosol emissions, in the same manner 
as emission factors are used to convert burned biomass to 
emissions. In this presentation, we demonstrate the simplicity 
and utility of using both the gridded Ce product and satellite 
measurements of FRP to derive emissions, present some 
comparisons of these emission products against other 
emissions inventories, and analyze the results of the 
comparative implementation of these emissions in WRF-
Chem, which is a fully-coupled meteorology-chemistry-aerosol 
model that is used to simulate regional smoke transport and 
impacts. 
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The geochronology of the Bishop Tuff has been studied for 
decades. It is closely tied to the numerical date of the Brunhes-
Matuyama boundary, it’s a template for the determination of 
timescales of magma-chamber growth, and, more recently, it 
has become a common reference point for the calibration of the 
40Ar-39Ar technique and the inter-calibration of K-Ar and U-Pb 
systems. Here, we present new U-Pb and U-Th-Pb 
measurements by TIMS and SIMS (SHRIMP II), as well as 
new EPMA transects through time-equivalent sector zones. 
Our new TIMS dates are indisinguishable from previously 
published work1. Our SIMS dates are consistent with recently 
published SHRIMP-RG results2, and show no evidence for the 
~ 100 ka residence times indicated by older SIMS data3. 

We demonstrate the presence of 10’s of ka of variability, 
even within individual grains. This implies that many dates 
(particularly bulk analyses) must be mixtures of zircon with 
different 206Pb/238U. In turn, this suggests that assumptions 
(often implicit) in the calculation of weighted-mean dates – for 
both bulk and microbeam techniques – may require careful 
evaluation for suites of zircon like these. Futhermore, a careful 
comparison of the Th/U systematics of zircon with glass from 
the Bishop Tuff seems to suggest that either they evolve along 
separate liquid lines of descent, or element partitioning varies. 
This has important petrological implications for the 
interpretation of zircon trace elements in this magmatic system 
and elsewhere. This evidence, plus strong crystal-face 
dependent trace element uptake, suggests that current models 
for 230Th-deficit correction (~90 ka) can’t achieve 1 ka-scale 
geochronology. We outline some alternative models that may 
provide accurate, if not precise, corrections. We also describe 
overlooked complications with SIMS data treatment that will 
increase published SIMS Bishop Tuff zircon dates by 7-8 ka.  

 

[1] Crowley et al (2007) Geology 35 1123-1126 [2] 
Chamberlain et al (2014) J.Pet. 55 395-426 [3] Simon and 
Reid (2005) EPSL 235 123-140 

 



 Goldschmidt2014 Abstracts  

 

1085 

1085 

Rapid and precise Pb isotope analysis 
of K-feldspar: A new tool for 

tephrochronology 
R.B. ICKERT1,2*, P.R. RENNE1,2, A.L. DEINO1  

AND W.D. SHARP1 
1Berkeley Geochronology Center, 2455 Ridge Road, Berkeley 

CA, 94709 (*correspondence: rickert@bgc.org) 
2Departnment of Earth and Planetary Science, University of 

California, Berkeley, CA, 94720 
 

The ability to correlate accurately dated volcanic air fall 
deposits for use in stratigraphic studies is limited by the 
techniques available to uniquely identify them. The chemical 
composition of juvenile glass is widely used because of the 
wide dispersal of glass fragments and the large range in 
chemical compositions; however it is highly reactive and 
therefore only present in young, fresh samples. Here, we show 
that LA-MC-ICPMS Pb isotope analysis of K-feldspar – a 
common mineral, often used for 40Ar-39Ar geochronology – is a 
powerful complementary or alternative tool for 
tephrochronology. Potassium-feldspar typically contains on the 
order of 101 μg/g Pb, and has high Pb/U, making it an 
attractive target because it contains enough Pb for high-
precision analyses, and does not require correction for 
radiogenic ingrowth. Lead isotopes have three unique ratios, 
permitting a wider range of compositions than other radiogenic 
isotopes, and can readily be analyzed. At the BGC, using 
standard techniques and sample-standard bracketing to NIST 
612 glass for mass bias correction, the repeatability, at 2 
standard deviations, of single spot analyses of Alder Creek 
sanidine (~ 30 ug/g Pb) is better than 1.0 ‰ for 204Pb-
normalized ratios and better than 0.5 ‰ for 208Pb/206Pb and 
207Pb/206Pb. 

To establish this as a useful tephrochronological tool, we 
have applied it to two settings of geological importance, the 
terrestrial K-Pg boundary sections in the Williston Basin of 
Montana, and representative Pleistocene tephra from southern 
Kenya/northern Tanzania rift volcanoes. The former contain 
the best studied terrestrial record of the end-Cretaceous 
extinction and subsequent ecological recovery, and the latter 
form the chronological infrastructure that establish the tempo 
of early Hominid and faunal evolution in that region. Both 
contain tephra that can be dated to high-precision, but exhibit 
rapid lateral facies variations that challenge accurate 
correlation. Results from most tephra in both areas indicate 
that they tend to have unique Pb isotope compositions, and are 
therefore amenable to correlation using this technique. 
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Groundwater quality has been impacted by arsenic (As) in 

some areas near Anaconda, Montana. Previous work has 
shown that elevated As concentrations exist in soil and shallow 
groundwater as a result of historic smelting activities. 
However, elevated As concentrations in groundwater (~30 
µg/L) have also been observed at depths of 525 feet below land 
surface, presumably far beneath the zone expected to be 
contaminated by smelter emissions. The primary goal of this 
work was to geochemically characterize soil, sediment, rock, 
and groundwater to determine if natural sources of arsenic (As) 
exist in the area. 

Valley-fill sediment and rock cores were collected, along 
with soil samples in four areas that had elevated groundwater 
As concentrations. All of the soil samples had elevated As 
concentrations (up 164 mg/kg). All the sediment and rock 
samples had measureable As (>1 mg/kg) and could contribute 
to the As concentrations found in groundwater (>10 µg/L). 
However, As-bearing sulfides (up to 26,000 mg/kg) were 
encountered at depth in two locations. 

Aqueous samples were collected from 80 wells. Dissolved 
sulfate isotopic data (δ34S and δ18O) and Cl- and NO3

- data 
correlations show that samples from deep geothermal wells 
and areas with known sulfide mineralization, group separately 
from most of the other samples. Furthermore, samples with 
δ34S values > 14‰ were indicative of areas with natural 
sources of As and samples with δ34S values < 10‰ were 
indicative of wells with suspected smelter contamination 
(shallow monitoring wells). Most domestic wells also had δ34S 
values < 10‰.  
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The IR-spectroscopy, especially in connection to the 

appearance of modern Fourier-spectrometers, is the most 
effective method for studying the condition and structural 
position of water in quartz. IR spectrum of quartz in the field 
of fundamental valence vibrations of water (3000-3800 cm-1) 
represents wide diffused band on which, narrow bands or so-
called H-defects are imposed. The wide band is attributed to 
the molecular water which is found basically in the cracks and 
gas-liquid inclusions. Narrow bands are caused by vibrations 
of structurally related water which, first of all are related to 
hydroxyl groups, found in different structural environments. 

For the detailed analysis of spectra of granulated quartz of 
Kuznechinskoe and Kishtimskoe deposits, modelling of 
"water" area (3000-3800 cm-1) on superposition of 7 Gaussian 
lines is been done. It is stated, that the basic strips of 3220 and 
3410 cm-1 belong, accordingly, to symmetric and 
antisymmetric valent vibrations of O-H links in water 
molecules. Small lines with maxima of 3198 and 3296 cm-1 are 
related to overtones and compound frequencies of the basic 
vibrations of Si-O link in a quartz lattice. The narrow band 
with a maximum of 3379 cm-1 is related to vibrations of Al-OH 
groupings formed during replacement of Si by Al in a lattice of 
SiO4 tetrahedrons. Bands of 3600 and 3750 cm-1, as a rule, are 
registered due to vibrations of O-H groups in finely dispersed 
hydrogenous mineral deposits in quartz [1, 2]. These bands are 
observed in spectra of micas which according to the mineral 
analysis, are widespread mineral inclusions in the studied 
samples of quartz. It is necessary to note, that in work [3] it is 
specified, that bands of 3600 and 3750 cm-1 may be related, 
accordingly, to symmetric and asymmetric vibrations of OH-
groups in silanol groupings or in the isolated molecules of 
water.  

In conformity with Bouguer-Lambert-Beer law, 
concentration of various H-defects has been calculated. The 
executed calculations have shown, that water in quartz of 
Kuznechinskoe and Kishtimskoe deposits is basically 
contained in the molecular form in cracks, channels, 
intergranular space and gas-liquid inclusions.  

For determination of behaviour of water in quartz of 
Kuznechinskoe and Kishtimskoe deposit, experiments on high-
temperature annealing were conducted in an interval of 100 - 
1200 °С with spacing of 100 °С with registration of an infra-
red spectrum after every annealing. With the increase in 
temperature of annealing, intensity of wide bands of 3410 cm-1 
decreases. At the temperature 1100 °C, the narrow band of 
3378 cm-1 practically disappears, that specifies the dehydration 
of Al-OH groupings at this temperature.  
Work is executed with the support of Program of Presidium of 
the Russian Academy of Science 27, the grant of young 
scientists UrO the Russian Academy of Science. 
[1] Aines R.D., Rossman G.R. Journal of Geophysical 
Research. 1984. 89. B6. 4059 [2] Kats A. Hydrogen in Alpha-
quartz Philips Research Reports. 1962. 17 201 [3] Kronenberg 
A.K. Rev. Miner. 1994. 29. 123 
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Heterogeneous redox reactions on clay mineral surfaces 

affect the mobility of redox-sensitive elements in soils. Clay 
minerals have structural iron (Fe) substituting for aluminum 
(Al) in the octahedral sheet, which can participate in electron 
transfer reactions. We compared the redox properties of two 
substrates: natural nontronite clay NAu-1, and synthetic Fe 
phyllosilicate, synthesized and characterized in our laboratory 
(Fig. 1). Their redox behavior was tested in batch experiments 
with arsenic (As), chromium (Cr), and selenium (Se). 
Structural Fe in both synthetic Fe phyllosilicate and natural 

NAu-1 clay behaves 
similarly during 
As(III) oxidation: if 
some structural 
Fe(II) is present, 
then structural 
Fe(III) oxidizes 
As(III) to As(V). We 
also tested reactivity 
of NAu-1 towards 
oxidation of Se(IV). 
The  
analysis of X-ray 

Absorption Spectroscopy data indicates that Se(IV) is not 
oxidized to Se(VI) over the 48 hour reaction time. This 
difference in reactivity between As(III) and Se(IV) correlates 
to the sorption complex geometry – arsenic forms inner-sphere 
bi-dentate complexes, and selenium is predominantly adsorbed 
as an outer-sphere complex. Oxidation experiments with 
Cr(III) indicate that all examined Fe-rich substrates enhance 
the rate of Cr(III) oxidation to Cr(VI) under oxic conditions 
over 24 hours, compared to the homogeneous control system 
with no clay substrates. 
 
This material is based upon work supported by the U.S. 
Department of Energy, Office of Science, Office of Basic 
Energy Sciences. Sandia National Laboratories is a multi-
program laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed Martin 
Corporation, for the U.S. Department of Energy’s National 
Nuclear Security Administration under contract DE-AC04-
94AL85000. 
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Background of Research 

The pumice is a highly vesicular pyroclast formed from 
explosive eruptions and typically comprises 15-50% of the 
total pyroclastic material [1]. It has been considered as an 
important volcanic material to understand the characteristics of 
Plinian-style volcanic eruption. Our study was carried out to 
elucidate textural heterogeneities of pumice from the volcanic 
eruption on Ulleung Island, Korea. We choose representative 
gray pumice samples (frothy and tube pumice) based on 
dominant shape of macrovesicles.  
Results and Discussion 

Pumice samples are phonolitic in composition (58±1 wt% 
SiO2) [2] and contain alkali felspar, plagioclase, and biotite. 
The porosity of pumice is 57±4 % on average. They can be 
classified into moderately vesicular and highly vesicular 
pumices based on classification of vesiculation [3]. Thin 
section and SEM images of pumice samples show various 
steps of texural development in terms of vesicles size shapes 
and distribution. Vesicle shape in pumice vary from spherical, 
oval to tubular with a wide range of size varying 3nm to 
150mm. In general, tube pumice are prevalent in highly 
strectched vesicles, whereas the frothy pumice consists of 
weakly stretched vesicle such as spherical and oval type. Also, 
large vesicles formed networks connected by isolated small 
vesicles. It implies that vesiculation process was completed by 
continuous vesiculation during the period from gas exsolution 
in magma immediately before contact with air.  
 
[1] Klug and Cashman (1996) Bull Volcanol, 58, 87-100 [2] Im 
et al (2011) J. Miner. Soc. Korea, 24, 151-164 [3] Houghton 
and Wilson (1989) Bull Volcanol, 51, 451-462 
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Copper (Cu) fungicides are typically used in vineyards 

resulting in Cu-contaminated soils. Cu may be released during 
rainfall-runoff events. Wetland can intercept Cu-contaminated 
runoff and immobilize metal released in effluents from 
industrial and agricultural areas. Cu stable isotope ratios 
(δ65Cu) are rarely applied to trace transport and transformation 
processes in polluted environments.  

Here we used Cu stable isotopes to trace the behaviour of 
Cu in vineyard soils and in a wetland receiving runoff from the 
vineyard catchment (Alsace, France). Cu loads and stable 
isotope ratios were determined in runoff, suspended solids, as 
well as in wetland sediments and the vegetation. Surface soils 
were enriched in Cu due to large organic matter and carbonate 
content. δ65Cu values of solid-bound Cu in runoff were lower 
than those of surface soils and Cu-fungicides (δ65Cu ~ 0.00‰).  

The wetland retained >68% of dissolved and >92% of 
solid-bound Cu, which represented 84.4% of Cu in runoff. 
Dissolved Cu became depleted in 65Cu when passing through 
the wetland (Δδ65Cuinlet-outlet from 0.03‰ to 0.77‰), reflecting 
Cu sorption to aluminium minerals and organic matter. The 
δ65Cu values varied little in wetland sediments (0.04 ± 0.10‰), 
in which >96% of the Cu mass was stored. During high-flow 
conditions, Cu outflowing the wetland became isotopically 
lighter, indicating the mobilization of reduced Cu(I)-species 
from the sediments and Cu reduction within the sediments.  

Our results demonstrate that Cu stable isotope ratios may 
help tracing Cu behaviour at the catchment scale and in redox-
dynamic environments, such as wetlands. 
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Currently, fluid circulation patterns and the evolution of 

rock/fluid compositions as circulation occurs in subseafloor 
hydrothermal systems are poorly constrained. Sedimented 
spreading centers provide a unique opportunity to study 
subsurface flow because the sediment acts as an insulating 
blanket that limits: (a) potential flow paths for seawater to 
recharge the aquifer in permeable upper basaltic basement and 
(b) points of altered fluid egress, as well as trapping heat from 
the cooling magma body below. This allows for a range of 
thermal and geochemical gradients to exist near the sediment-
water interface. Models of circulation patterns in this type of 
hydrologic setting have been generated (eg. Stein and Fisher 
[1]) however existing fluid chemical data have not been fit to 
the models to prove/disprove their viability. We address this 
issue by integrating the rich data sets from Middle Valley on 
the Juan de Fuca Ridge, allowing us to comprehend circulation 
and elemental exchanges at multiple scales. Middle Valley 
hosts a variety of hydrologic regimes within the local system: 
including areas of fluid recharge (Site 855, Wheat and Fisher 
[2]), active venting (Site 858, Butterfield et al [3]), recent 
venting (Site 856, Mottl et al [4]) and a section of heavily 
sedimented basement located between recharge and discharge 
sites (Site 857). 

We will present results based on thermal and geochemical 
data from the Active Area of Venting (Sites 858 and 1036) 
collected during Ocean Drilling Program Legs 139 and 169. 
These drilling data coupled with a post-drilling heat flow 
survey resulted in a model of active, high temperature, fluid 
venting (264ºC) within a hydrothermal discharge area focused 
by a basement high (Stein et al [5] Stein and Fisher [1]). Here 
we use the basis of the existing model, along with fluid 
compositional data collected from sediment pore waters and 
high temperature hydrothermal vents, to elucidate finer scale 
controls on secondary fluid flow within the sediment section at 
Site 858/1036. 
 
[1] Stein & Fisher (2001) JGR Solid Earth 106, 8563-8580 [2] 
Wheat & Fisher (2007) GRL 34, L20602 [3] Butterfield et al 
(1994) Proc. ODP Sci. Res. 139, 395-410 [4] Mottl et al 
(1994) Proc. ODP Sci. Res. 139, 679-693 [5] Stein et al (1998) 
Geology 26, 1115-1118 
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Within the project "Consequences of severe radioactivity 

releases to Nordic marine environment" (COSEMA), funded 
by the Nordic Nuclear Safety Research (www.nks.org), a 
potential accidents with the modern operative nuclear vessel in 
the Iceland coastal waters and Kattegat region were 
considered. 

The simulations were provided on the basis of the 3D 
hydrodynamic model for the Iceland coastal waters (the CODE 
model), the NRPA compartment model and the COSEMA 
regional compartment model, which is based on the 
methodology developed for the NRPA box model, which uses 
a modified approach for box modelling [1-2]. 

The radioecological consequences of the potential 
scenarios, leading to accidental releases of radioactivity, have 
been evaluated on the basis of the calculated concentrations of 
radionuclides in typical sea foods, collective dose rates to man, 
individual doses for the critical groups and doses to marine 
organisms.  

The sensitivity and uncertainty analysis demonstrate that 
results come up against the problem of complexity, especially for 
description of water-sediment interactions. The results show that 
the concentration of radionuclides in the environment and the 
doses to man and marine organisms can either increase or 
decrease, given sufficient increase of the evaluated parameters. It 
is also shown that the results can strongly depend on the chosen 
time of analysis similar to [3]. 

It is demonstrated that the environmental sensitivity of the 
different marine regions can be described with developed 
sensitivity index for comparison of the state parameters, for 
instance, collective dose rates to man or individual doses for 
the critical group, where in environmental sensitivity index can 
vary significantly for different regions.  
 
[1] Logemann, Ólafsson, Snorrason, Valdimarsson, and 
Marteinsdóttir (2013), Ocean Sci., 9, 931-955 [2] Iosjpe, 
Brown and Strand (2002). J. Environmental Radioactivity 60, 
91‒103 [3] Iosjpe (2011), J. Marine Systems 88, 82-89  
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Ages of hydrothermal mineral samples were determined by 
230Th/234U radioactive disequilibrium dating technique. Sulfide 
samples were collected from four active sites in the most 
southern region of the Mariana Trough; Snail site (located on 
the spreading axis), Archaean site (located on a mound 1.5 km 
distant from the axis), Pika site (located on an off-axis knoll 
4.9 km distant from the axis) and Urashima site (located on the 
northern slope of the same knoll). Samples were collected from 
active hydrothermal vents and inactive sulfide spires during 
dive expeditions of YK10-10 cruise using the submersible 
SHINKAI6500. In addition, massive sulfide ores were cored 
by shallow drilling using a BMS (Benthic Multi-coring 
System) during the TAIGA10 cruise.  

Sulfide ores collected from the hydrothermal mound of the 
Archaean site range in age from < 100 to 3520 years old. The 
growth rate of the massive sulfide ore body is calculated to be 
0.12 - 1.5 mm/year based on results of the core samples. These 
results suggest that a few thousand years of continuous 
hydrothermal activity would be required for formation of 
massive ore deposit that overlays the hydrothermal mound 50-
100 m high and 250-300 m in diameter.  

Sulfide ores collected from the two hydrothermal fields 
located on the off-axis knoll (Pika and Urashima sites) are up 
to 9000 years old. When combined with geophysical evidence 
for crustal velocity anomaly, this mineralization is considered 
to be in the late-stage of the hydrothermal activity, and related 
to a cooling magma body. 
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Causal mechanisms and ultimate trigger for the global 

environmental catastrophes are long-standing matter of 
debates. Since the discovery of global Ir anomaly in 
Cretaceous-Tertiary boundary layer, highly siderophile 
elements (HSEs) in sedimentary sequences have been 
recongnized as useful tracers for identifying extraterrestrial 
impacts. However, a question remains as to whether 
enormaous supply of HSEs is also caused by massive 
volcanism leading to the formation of large igneous provinces 
(LIPs). This idea has been revived by the studies of Cenozoic-
Mesozoic marine Os isotope record that exhibits frequent 
negative excurions over the time intervals of LIP eruptions. It 
seems likely that continental flood basalt eruptions exert a 
significant influence on the continental flux of the Os to the 
ocean, due to the combined effects of coverage of the 
continents and weathering of basaltic lavas [1]. By contrast, 
decline in seawater 187Os/188Os accompanying oceanic plateau 
formations imply direct release of HSEs from erupted lavas to 
the ocean [2, 3]. 

In this contribution, we have determined the HSE 
concentrations and 187Os/188Os ratios of oceanic LIP basalts 
recovered from Hole U1349A on summit site of Ori massif of 
the Shatsky Rise, northwest Pacific Ocean. The drillcore 
provides an ideal opportunity to evaluate the HSE mobility due 
to volcanic degassing and/or contrasting alteration styles 
because the 85-m-thick basement section at this site is 
separated into subaerial and submarine portions comprised of a 
single magma type (high-MgO tholeiite) with narrow 
compositional range [4]. The results demonstrate that Os-Ir-
Ru-Pt concentrations and initial 187Os/188Os ratios are relatively 
uniform thoroughout the section, whereas measured Pd and Re 
contents from subaerial portion are substantially lower than 
those in less altered basalts from deeper submarine portion. 
Such systematic variations suggest that Pd and Re can be lost 
during magmatic degassing and/or post-magmatic alteration, 
but other HSEs such as Os-Ir-Ru-Pt appear to behave as 
immobile elements. Present study may therefore lend no 
support for the significant release of Os during oceanic LIP 
emplacements. Thus, degassing/alteration in more extreme 
conditions or different processes need to be sought to explain 
the marine Os isotope record.  
 
[1] Ravizza & Peucker-Ehrenbrink (2003) Science 13, 1392-
1395 [2] Turgeon & Creaser (2008) Nature 454, 323-U329 [3] 
Tejada et al (2009) Geology 37, 855-858 [4] Sano et al (2012) 
G3 13, Q08010 
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Frictional heating in a fault zone during earthquake slip 

affects the slip behavior itself. Increased temperature on a fault 
can induce dynamic fault weakening by processes such as 
pressurization of interstitial fluid by thermal expansion, known 
as thermal pressurization, and melt lubrication. Recent studies 
revealed that geochemical analyses of fault rocks combined 
with geological, mineralogical, structural, and geophysical 
observations can provide useful means for elucidating such slip 
weakening processes. 

 In the case of the Chelungpu fault in Taiwan, which 
slipped during the 1999 Mw 7.6 Chi-Chi earthquake, the slip-
zone rocks [1, 2] showed marked decreases of Li, Rb, Cs and 
87Sr/86Sr and an increase of Sr relative to adjacent host 
sedimentary rocks [3]. Model calculations revealed that these 
trace element and isotope spectra were produced by coseismic 
fluid-rock interactions at >350°C, which may have caused a 
dynamic decrease of friction along the fault through thermal 
pressurization [3]. The slip zone rocks from a major reverse 
fault in the Boso Emi accretionary complex at 1–2 km depth 
[4] also show similar evidence for coseismic fluid-rock 
interactions at high temperatures [5]. For the slip zone rocks 
from the Shimanto accretionary complex in Kure area, which 
represent rocks of ancient megaspray fault at 2.5–5.5 km depth 
[6], geochemical signals derived from high-temperature fluids 
overlap with those from melting, indicating coseismic fluid-
rock interactions followed by frictional melting [7]. These 
results demonstrate that high-temperature fluid-rock 
interactions widely occur during seismic slip and geochemical 
characteristics of the fault rocks are useful indicators of such 
coseismic events. Geochemical characteristics of the fault 
rocks recovered from the Nankai Trough and the Japan Trench 
will also be discussed. 
 
[1] Ma et al (2006) Nature 444, 473-476 [2] Hirono et al 
(2006) GRL 33, L15303 [3] Ishikawa et al (2008) Nature 
Geosci. 1, 679-683 [4] Hirono et al (2005) Tectonophys. 397, 
261-280 [5] Hamada et al (2011) JGR 116, B01302 [6] 
Mukoyoshi et al (2006) EPSL 245, 330-343 [7] Honda et al 
(2011) GRL 38, L06310 
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Garnets are among the main phases in mantle mineral 
assemblages and they are always observed as inclusions in 
natural diamonds. Because of the compositional complexity of 
natural garnets, the relationships between the composition of 
mantle garnets and PT-conditions of their formation are still 
semi-empirical. In this connection, of special importance are 
investigations of high-pressure components of garnets, namely 
majorite and skiagite. Presence of both di- and trivalent iron in 
skiagite allows us to consider it an important indicator of the 
oxidation state in the Earth mantle. 

The end-member of Fe garnet was synthesized using 1200-
ton Sumitomo multi-anvil hydraulic press. The stoichiometric 
mixture of Fe2O3, FeO, SiO2 powder was loaded into Pt 
capsule isolated from LaCrO3 heaters with MgO tubes and 
enclosed into magnesium oxide (MgO+5wt%) Cr2O3 
octahedron. Experiment was performed at 9,5 GPa using 18/11 
assemblies; heating time was about 10 minutes and 
temperature around 1337 K. 

X-ray-single crystal diffraction was performed at ESRF in 
Grenoble, France at ID9 beamline and it confirmed purity of 
crystals and that they are appeared to be single. Garnet was 
found to be cubic and have space group Ia-3d, with the unit 
cell parameters a = 11.728(6) Å. 

Fe K-edge X-ray absorption near edge structure (XANES) 
spectra were recorded at the ID24 beamline for single crystals 
garnet skaigite and for the pressure up to 61 GPa. The near 
edge structures are shown in Fig.1. The differences in near 
edge structure might be due to reduction Fe3+ to Fe2+ .  

  
 
 
 

 
 
Fig.1. Normalised Fe K-edge XANES spectra of single 

crystal of iron garnet skiagite. Individual spectra have been 
normalized  

 
Further results will be presented at the conference. 
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Precise determination of Sm and Nd isotopic composition 

is of major interest in nuclear industry and in geosciences 
(geochronology …). The elimination of matrix constituents 
and isobaric interferences between Sm and Nd is mandatory to 
obtain accurate isotope ratio measurements. In most cases 
isotope ratios are determined off-line after Sm/Nd chemical 
separation steps. The chemical separation steps are now well 
established but are time and solvent consuming. 

In this study the simultaneous on line determination of Sm 
and Nd isotope ratio measurements are investigated by ionic 
liquid chromatography and multicollector inductively coupled 
plasma mass spectrometry coupling. Hence, the preparation 
time, the sample and solvent volumes are drastically reduced. 
The separation of Sm and Nd was performed by high 
performance liquid chromatography using a strong cation 
exchange (SCX) analytical column in gradient elution mode 
using the organic acid HMB acid (2-hydroxy-2-methylbutyric 
acid) in the mobile phase. Sm and Nd chromatographic peak 
were well separated and isotope ratio were acquired in a single 
sequence on transient signals. A systematic isotope ratio 
increase or decrease was observed during the transient signal 
acquisition, namely isotope ratio drift. The origins of this drift 
were investigated and discussed (isotope fractionation, time 
responses of the Faraday amplifier system …). The blank 
correction strategy and different methods of data acquisition 
(point by point, peak area integration, linear regression, 
multiple linear regression) were evaluated on several 
experiments involving different Sm and Nd ratios. 
Reproducibility and accuracy were compared between off line 
and on line measurements on Nd and Sm isotope ratios. This 
approach is very attractive for nuclear topics and further 
applications could be envisaged for geochemical applications. 
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Saturation may be the main cause of gas explosion from 
lakes [1]. The lower solubility of methane (CH4) compared to 
CO2 gives it a greater potential to destabilize a lake. This view 
is supported by findings in Lake Kivu where, CH4 increase rate 
might trigger a gas explosion by the year 2100 [2]. The cost of 
standard way of estimating CH4 concentration in lakes is high 
for developing countries. Accordingly, we propose a 
laboratory-analysis-free method that combines several 
techniques [3, 4] with a portable multi-biogas analyser. The 
method was tested at lakes Nyos and Monoun and gave good 
results. That type of cheap technique could be suitable for 
developing countries where the relatively high cost of 
analytical apparatus constitutes the major obstacle to setting up 
volcanoes related hazards surveillance systems [5]. 
 
[1] Issa et al (2013) Geochem J. 44, 349-362 [2] Pasche et al 
(2011) J. Geophys. Res. doi:10.1029/2011JG001690 [3] 
Halbwachs et al (2004) EOS 85, (30), 281-288 [4] Yoshida et 
al (2010) Geochem. J. 44, 441- 448 [5] Scarpa and Tilling 
(1996) Springer-Verlag Berlin Heidelberg. 
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The origin of water on the earth is discussed by many 

researcher. The hydrogen isotopic compositions of earth’s 
water were also studied to discuss the origin of water for Earth, 
Lunar and comet through the planetary scale in the solar 
system [1]. One of siginificant possible precursor of H20 ice in 
Earth’s orbitary could be cometary ice but it is unclear. In 
preliminary results, we reported the hydrogen isotopic 
compositions of phosphate minerals (Merrilite and apatite) 
from Ensisheim LL6 ordinary chondrite (OC) on 2012 at 
JPGU and NIPR meeting in Japan. These D/H ratio are 
extremely duetrium-rich value (dD ~15000permil). In addition, 
Deloule and Robert (1995) also reports that the hydrogen 
isotopic compositions of phyllosilicate from LL3.0 Semarkona 
OC is D-rich (~4000permil) and suggest the origin of this D-
rich isotopic compositions come from the interstellar space or 
in the outer regions of the solar nebula, like cometary ice [2]. 
This results suggest that, as the Itokawa S-type asteroids with 
Earth’s orbitary, the heavily hydrogen isotopic compositions of 
LL OCs resulted from cometary ice close to the earth. 
However, there is no sytematic study of hydrogen isotopic 
compositions of LL4-6 OCs because it is difficult to estimate 
the planetsimal hydrogen isotopic compositions of water due to 
very low water contents and contamination from adsorbed 
water. In this study, we applied the in-situ measurement 
technique [1] of water content and hydrogen isotopic 
compositions of phosphate minerals from LL4-6 OCs by 
SIMS. All D/H ratio in the phosphate minerals are D-rich (dD 
~ +2000 to +25000). This results suggest that the origin of D-
rich hydrogen isotopic compositions of LL6 phosphate mineral 
is resulting from extra-planetary with cometary ice beause of 
extremely heavily hydrogen isotopic compositions.  
 
[1] Greenwood et al (2011) Nature Geosci., 4, 79-82 [2] Deloule and 
Robert (1995) GCA, 59, 4695-4706  
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The emplacement of an early Miocene, epizonal granitic 

pluton is thought to mark the culmination of the major period 
of mid-Tertiary magmatism in the Mount St. Helens area [1]. 
The pluton was mapped as three major, texturally and 
compositionally heterogeneous bodies, broadly composed of 
feldspars + pyroxenes + oxides + quartz ± amphibole ± mica ± 
zircon ± apatite and other accessory minerals [1].  

Recent EMPA mapping and LA-ICP-MS data have 
allowed us to define a likely continuum of patchy 
autometasomatic fluid alteration of the primary pyroxenes to 
high-halogen, fluoro-magnesiohornblende (up to 2.5 wt.% 
fluorine), accompanied by phlogopite crystallisation. This was 
followed by low-temperature hydrothermal ± deuteric 
alteration of the secondary amphibole to actinolite-tremolite 
compositions, and disseminated Cu-Zn-Fe sulphide 
mineralisation of the amphiboles and oxide phases (Fig. 1). 

Al-geobarometry, combined 
with marked negative Sr, Eu and 
Ba anomalies, and low Zr, for the 
amphibole-bearing patches 
indicates shallow, late-stage 
formation at ≤1.5 kbars (~5 km), 
following significant crystal 
fractionation. The increasing 
oxidation state and halogen 
enrichment of the residual fluid is 

reflected in the high Mg# of the phlogopites (~80) and these 
changes likely stabilised their formation at lower P and T. 
Whilst the origin of the sulphides is still uncertain, high but 
variable Zn contents (up to 500 ppm) in the amphiboles and 
phlogopites appear primary, whilst high Cu contents (up to 400 
ppm) are likely derived from metal-bearing fluids. 

Ongoing experimental investigations should provide 
constraints on the source of the mineralising fluids, the 
partitioning of these ore metals between evolved calc-akaline 
melts, exsolved volatiles and crystallising assemblages, and the 
effects of sulphur on these alteration processes. 

 
[1] Evarts et al (1987) J. Geophys. Res. 92, 10155-10169 



 Goldschmidt2014 Abstracts  

 

1101 

1101 

Novel Data Assimilation Technique 
for Spatiotemporal PM2.5 Source 

Impact Estimates  
CESUNICA IVEY1, HEATHER HOLMES2, YONGTAO HU1, 

JAMES MULHOLLAND1 AND ARMISTEAD RUSSELL1 
1School of Civil and Environmental Engineering, Georgia 

Institute of Technology, Atlanta, GA 30332 
(*correspondence: civey3@gatech.edu) 

2Department of Physics, University of Nevada, Reno, Reno, 
NV 89557  
 
In the Global Burden of Disease 2010 study, human 

exposure to ambient air pollution was ranked as the ninth of 67 
risk factors contributing to premature death [1]. Exposure to 
ambient air pollution was ranked higher than poor sanitation, 
unimproved water, and vitamin/mineral deficiencies. An 
important aspect of this burden is that certain compounds, and 
the associated sources of those pollutants, may be more toxic 
than others. This suggests that there is a need to both improve 
our knowledge of the spatiotemporal dynamics of pollutant 
species and source impacts. Air quality scientists and 
epidemiologists are collaborating to determine correlations 
between human exposure to air pollution and adverse health 
impacts [2].  

In this study, source impacts on PM2.5 species are 
estimated for 20 source categories for the year 2006. Sources 
include on road and off road vehicles, agriculture, fossil fuel 
combustion, biomass burning, sea salt, and dust. A novel 
hybrid source apportionment method is used that takes into 
account both modeled and observed species concentrations and 
uncertainties [3]. Observations from the Chemical Speciation 
Network are used for data assimilation, and the Community 
Multi-scale Air Quality (CMAQ) model was used to generate 
gridded source impacts over the continental U.S. at a 36-km 
resolution. The approach accounts for impacts from sources of 
both primary and secondary species.  

The results of this study have strong human health and 
public policy implications. Results will determine which 
sources have the greatest impact on human health by 
correlating the source impact estimates with health events. 
Identifying the major contributors impacting human health will 
also aid in narrowing the scope of air pollution control efforts 
by focusing mitigation efforts on the most negatively 
impacting sources.  
 
[1] Lim et al (2012), Lancet 2012, 380: 2224–60 [2] Peel et al 
(2005), Epidemiology, 16: 164-174 [3] Ivey et al (2013), 
Miami, FL 26-30 August. 
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In Toyama Prefecture, a large amount (1 million tons/year) 

of groundwater flows from the mountains (ca. 3000m in 
altitude) to the Sea of Japan side within 100 km in distance. 
The minimum and maximum air temperature in Toyama is 0 
°C in winter and 35 °C in summer. Also, a large amount of 
snow falls in winter. 

The geochemical characteristics of groundwaters in Sho 
River fan, western part of Toyama were discussed by Iwatake 
et al. (2013).  

In this study, major chemical and isotopic (D, 18O) 
compositions of shallow groundwater and 2 river water 
samples in the Sho River fan have been continuously analyzed 
to examine their water quality, origins and water flow in order 
to obtain baseline geochemical data for application of 
groundwater to geothermal heat pump (Geo-HP). The isotopic 
results show that the groundwaters are a mixture of two big 
river waters (Sho and Oyabe Rivers) and precipitation in the 
Sho River fan and that the contribution of infiltration from Sho 
River has increased within recent 10 years. The Sho River has 
higher δ18O values than the Oyabe River. The shallower 
groundwaters are of a Ca-HCO3 type. Secular changes of the 
chemical and isotopic compositions of the shallower 
groundwaters were observed in the wells close to Sho and 
Oyabe Rivers. These results show that the river waters quickly 
infiltrate into the fan and short residence time. According to 
these observed results, the suitable Geo-HP system to fit the 
quality and water flow mode of groundwater in each area are 
suggested.  
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Between December 2010 and July 2012, more than 
120,000 cubic meters (m3) of high-arsenic groundwater was 
pumped from a deep aquifer into a 0.11 hectare pond and 
infiltrated though an 80-meter thick unsaturated zone to 
recharge a water-table aquifer in Antelope Valley, CA. 
Infiltrated water reached the water table in January 2013. At 
the water table, the “wetted footprint” of water infiltrated from 
the pond was about 13 hectares. Arsenic concentrations 
decreased from 30 µg/L to 2 µg/L as a result of sorption to iron 
and aluminum oxides on mineral grains within the unsaturated 
zone. Arsenic concentrations sorbed to the surfaces of mineral 
grains within the upper meter of alluvium increased as a result 
of infiltration from the pond, but concentrations were not 
classified as hazardous. Some preexisting arsenic and uranium, 
possibly associated with past agricultural activities at the site, 
was mobilized from a salt-affected clay layer at a depth of 14 
m and resorbed on deeper materials. Other oxyanions 
(including antimony, chromium, selenium, and vanadium) 
were not mobilized during the experiment. Batch experiments 
done using radiolabled arsenic-73 (a man-made isotope, having 
a half-life of 80.3 days) show arsenic-73 was initially sorbed to 
surface exchange sites, but was incorporated into more 
refractory crystalline iron and aluminum oxides within one 
year. Data from the field experiment agree with laboratory 
column experiments that show arsenic strongly sorbed to 
aquifer materials over a range of pH’s from 6 to 8. Water 
infiltrated from the pond encountered 4.5 x 106 m3 of 
unsaturated alluvium having enough iron and aluminum oxide 
to treat 60 x106 m3 of water having 30 µg/L arsenic to a 
concentration less than the MCL of 10 µg/L. The cost of 
arsenic treatment was about $120 per 1,000 m3. 
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The alkali-rich, zeolitized, trachytic ash of young Campi 

Flegrei deposits produced a highly complex pozzolanic 
cementitious system in the hydrated lime-pumiceous ash 
mortar of a first century BCE Roman concrete breakwater in 
Pozzuoli Bay. The concrete has remained strong and durable in 
seawater for 2000 years. X-ray microdiffraction experiments 
and electron microprobe analyses reveal that Al-tobermorite, a 
rare, layered calcium-silicate-hydrate with Al3+ substitution for 
Si4+, crystallized in discrete microstructures with variable 
compositions that reflect diverse geochemical processes. In 
relict lime clasts, the 1–3 µm crystals have more Ca2+; in 
pumice vesicles associated with relict phillipsite textures, the 
crystals are enriched in Al3+, Na+, K+; and in association with 
dissolving hydrocalumite, a layered calcium-chloroaluminate-
hydrate, the crystals have more Cl-. The variable compositions 
imply metastable equilibria among the pozzolanic reactants, 
pore fluids, and Al-tobermorite at a very fine scale. In addition, 
some pores in the cementitious matrix contain potassium-rich 
phillipsite that crystallized in situ to form 50 µm rosettes, 
similar to relict authigenic textures in the pumiceous Campi 
Flegrei pozzolan. 

In the high pH (>12.4) seawater mortar system buffered by 
portlandite (Ca(OH)2), dissolution of zeolitized glass pro-
duced Al-tobermorite in a range of chemical environments. 
Elevated temperatures, <75–95 °C, persisted for ~2–3 years, 
based on an adiabatic thermal model of exothermic C-A-S-H 
hydration. After all portlandite was consumed, dissolution of 
relict glass at lower pH and ambient 14–26 °C seawater 
temperatures apparently produced the potassic phillipsite. 
Diverse alkali-activated processes in the pozzolanic mortar 
system open to seawater produced the crystalline silicate 
phases, which are analogous to rock forming minerals in 
submarine tephra deposits. These contribute to the exceptional 
durability of the ancient maritime concrete.  
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The origin of the mantle “species”: 
Five decades of debate 

M. G. JACKSON1 
1University of California Santa Barbara, Santa Barbara, CA 

93106, USA (jackson@geol.ucsb.edu) 
 
This year marks the 50th anniversary of a groundbreaking 

paper that used lavas erupted at hotspots to probe the 
geochemical composition of the mantle. Gast, Tilton and 
Hedge [1] found that lead and strontium isotopes are 
heterogeneous in lavas from Tristan and Gough Islands, thus 
sparking a 50-year campaign to characterize the degree to 
which the mantle is heterogeneous and to understand how the 
mantle came to be heterogeneous. 

Five decades later, and armed with a much larger 
geochemical dataset, the origin and diversity of geochemical 
components identified in the mantle continues to defy 
explanation. While some mantle components identified in 
hotspot lavas are likely linked to the return of ancient 
subducted materials, including continental crust and oceanic 
crust, the origins of other mantle components are not easily 
explained and no clear consensus has emerged. For example, 
the enriched mantle 1 (EMI) endmember has been linked to a 
host of possible formation mechanisms, including metasomatic 
processes, recycled sediments, recycled lower continental 
crust, recycled subcontinental lithospheric mantle, and 
recycled large igneous plateau. A community effort to narrow 
the range of possible origins for this controversial mantle 
component is warranted.  

In order to trace the geochemical evolution of the various 
mantle reservoirs through time, it is important to define the 
intial composition of the mantle. Over the past decade, a body 
work has emerged that suggests the composition of the Bulk 
Silicate Earth (BSE) may not be tied to the ratios of the 
refractory lithophile elements in chondrites. If this is the case, 
the mantle reservoir hosting primordial noble gases may be the 
best candidate for defining the BSE. 

The distribution of the geochemical reservoirs in the 
mantle continues to be the source of debate. It is becoming 
apparent that the surface expression of geochemical 
components in hotspots volcanoes relates to their spatial 
distribution withing upwelling mantle plumes, which may in 
turn reflect the geometry of large-scale enriched domains in 
the deepest mantle. Collaboration among seismologists, 
dynamicists and geochemists will be critical for resolving the 
spatial relationships of the various mantle domains. 

 
[1] Gast, P.W., Tilton, G.R., Hedge, C. (1965). Isotopic 
composition of lead and strontium from Ascension and Gough 
Islands. Science 145, 1181-1185 
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extraction in Parker County, TX 
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Parker County, TX, overlying the Barnett Shale provides 
one of the most controversial cases of potential drinking-water 
contamination associated with high-volume hydraulic 
fracturing and shale gas extraction. Elevated concentrations of 
methane and other aliphatic hydrocarbons have been reported 
in well water by some homeowners, but analyses from 
consultants, the Texas Railroad Commission, and the 
Environmental Protection Agency are disputed as to whether 
the hydrocarbons occur naturally or, instead, arise from 
natural-gas extraction. Here, we combine two datasets to 
examine this issue. One is a set of publicly available water 
quality data for the area from 2009 to 2012. The other is our 
set of new results for a time course of geochemical sampling in 
~20 water wells and production samples taken over the past 
year and a half. Geochemical tracers have the potential to 
identify the source of the gases observed in drinking water in 
Parker County, TX, and to determine whether shale gas 
development played a role in their presence. 
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Extinct Nuclide Decay Product 
Heterogeneities in the Earth: Their 

Creation and Destruction 
STEIN B. JACOBSEN1 

1Dept. of Earth & Planetary Sciences, Harvard University, 
Cambridge, MA, 02138, USA 
(jacobsen@neodymium.harvard.edu) 

 
Isotopic variations due to decay of extinct nuclides (129I 

(t1/2=15.7 Myr), 244Pu (t1/2=80 Myr), 182Hf (t1/2=8.9 Myr) and 
146Sm (t1/2 = 68 Myr)) record differentiation processes active 
primarily during the first ~240 Myrs of Earth history. The now 
well established 129Xe, 136Xe, 182W and 142Nd variations in the 
Earth are the preserved record of accretion, core formation, 
magma ocean differentiation and early crust formation. They 
were produced when I/Xe, Pu/Xe, Hf/W and Sm/Nd ratios 
were fractionated between distinct reservoirs at very early 
times when the parent nuclides (129I, 244Pu, 182Hf and 146Sm) 
were still live. If such reservoirs did not experience significant 
inter-reservoir transport and isotopic rehomogenization, then 
chronological information of the early reservoir-forming 
differentiation would be imprinted into the isotopic 
composition of the reservoir and remain indestructible with 
respect to all intra-reservoir processes. While heterogeneities 
in 182W and 142Nd are only found in Hadean and Archean rocks, 
heterogeneities in 129Xe and 136Xe persist up to the present in 
zero-age MORBs and OIBs. This suggests that some 
heterogeneities are destroyed and some are not. According to 
the “deep magma ocean” core formation process, the early 
Earth would have a two-reservoir mantle structure with 
different 129Xe/130Xe, 136Xe/130Xe, 182W/183W and 142Nd/144Nd 
ratios in each reservoir. A model for such a scenario has been 
developed for evaluating the evolution of such an initially 
layered mantle into a heterogeneous mantle by convection. 
This model uses a mantle heterogeneity scale that is 
exponentially decreasing over time, due to deformation and 
stretching of the initial reservoirs by mantle turbulence. A 
characteristic time scale of stirring of ~500 Myrs is consistent 
with the 182W and 142Nd isotopic data. The persistence of the 
Xe isotope heterogeneities up to the present requires isolation, 
at least partial, of a portion of the primordial lower mantle 
from the main convective part of the mantle. It is this early 
isolated part of the lower mantle that is now contributing to the 
extinct Xe isotopic variations in modern basalts. 
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Vaporization Studies of Olivine via 
Knudsen Effusion Mass Spectrometry  
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Vaporization and condensation are important in a variety 
of cosmochemical processes, including contributions to the 
atmospheres of the hot, rocky exoplanets. Constituents of these 
atmospheres have been estimated from vaporization 
calculations for various planetary analogs [1], such as the 
continental crust, basic silicate earth, and moon composition. 
Experimentally, Knudsen Effusion Mass Spectrometry 
(KEMS) has been effectively utilized to analysis the vapor 
species above similar compositions [2-3]. 

A KEMS instrument is based on a Knudsen cell, which is a 
small enclosure where near solid/vapor equilbria is attained. 
The enclosure contains a well-defined orifice which forms a 
molecular beam of the vapor. This molecular beam is then 
directed into a mass spectrometer for analysis. This study is 
conducted on two mass spectrometers—a fast scanning 
quadruopole instrument for determination of the vapor 
composition and a magnetic instrument for more detailed 
anlaysis of the pressures of each species [4].  

KEMS is primarily an equilibrium technique. However, 
kinetics are well-known to play a role in natural vaporization 
processes, particularly with oxides. These are quantified with 
the vaporization coefficient, which is defined as the ratio of the 
flux leaving a surface to the equilibrium flux. For an oxide, 
vaporization coefficients vary from ~0.5 to 10-3 [5]. It is shown 
how these can be measured by varying the orifice geometry in 
a multi-cell KEMS experiment.  

Initial results for a fosterite-rich olivine (Fo93Fa7) will be 
presented and compared to theoretical predictions.  

 
[1] L. Schaffer and B. Fegley, Jr.(2009), Astrophys. J. 703, 
L113 [2] V. Piacente, et al (1975), Silikaty C. 4, 289-297 [3] 
O. M. Markova, et al (1986), Geokhimiya 11, 1559-1568 [4] E. 
H. Copland and N. S. Jacobson (2010), NASA TP-2010-
216795 [5] A. W. Searcy et al (1970), Chemical and 
Mechanical Behavior of Inorganic Materials, Wiley, p. 128 
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Chondrule size matters 
E. JACQUET1 
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The origin of chondrules—silicate spherules ubiquitous in 

primitive meteorites—remains enigmatic [1-6]. While much 
effort has been devoted to their thermal history ([1-2]), little 
attention has been paid to the constraint posed by their size ([7] 
and references therein). However, not only do chondrules 
exhibit narrow size distributions in single meteorites [8], their 
mean size does not vary by more than a factor of 6 accross the 
different “classical” chondrite groups [7]. This should be very 
constraining in view of the few-Ma age range of chondrules [5] 
and the likely diversity of chondrite formation locations [4], 
from which order-of-magnitude variations of many potentially 
controlling astrophysical parameters may be expected. Yet it is 
unclear at which stage of the chondrule “lifecycle” (prior to 
accretion) this size was determined, as it could a priori as well 
result from the chondrule-melting process itself (e.g. [7],[9]), 
be inherited from the precursors, or be due to some 
aerodynamic sorting (e.g. [8]). I have thus set to examine these 
different possibilities in terms of their analytical size 
predictions [10]. 

Among the examined processes, I found that only growth 
by sticking [11] or turbulent concentration [8] were likely to 
reproduce the limited observed variability of chondrule size. 
Independently of the size variability constraints, I also argued 
that the considerable compositional variability of chondrules 
[12], indicative of nebular fractionations, and compound 
chondrule statistics (e.g. [13]) ruled out significant size 
modifications during chondrule-forming events. Likewise, the 
complementary relationships between chondrite components in 
carbonaceous chondrites [6] argues against sorting processes 
preceding accretion. I thus infer that chondrule size was 
inherited from precursors grown in the disk, that is, that 
chondrule-forming events melted nebular aggregates. 

 
[1] Krot A. N. et al (2009), GCA, 73, 4963-4997 [2] Desch S. 
J. et al (2012), M&PS, 47, 1139-1156 [3] Alexander C. M. 
O’D. & Ebel D. S. (2012), M&PS, 47, 1157-1175 [4] Jones R. 
H. et al (2012), M&PS, 1176-1190 [5] Kita N. T. & Ushikubo 
T. (2012), M&PS, 1108-1119 [6] Hezel D. C. & Palme H. 
(2010), EPSL, 294, 85-93 [7] Benoit P. H. et al (1999), LPSC 
XXX, #1053. [8] Cuzzi J. N. et al (2001), ApJ, 546, 496-508 
[9] Asphaug E. et al (2011), EPSL, 308, 369-379 [10] Jacquet 
E. (in press), Icarus. [11] Güttler C. et al (2010), A&A, 513, 
A56 [12] Hezel D. C. & Palme H. (2007), GCA, 71, 4092-4107 
[13] Wasson J. T. et al (1995), GCA, 59, 1847-1869  
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Why do melts stall? 
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Seismic evidence indicates that the Continental crust is 

characterised by a felsic upper crust and a more mafic lower 
crust. When and where is the chemical stratification we 
observe in the continental crust formed? Geochemical 
evidence indicates that formation of continental crust occurs in 
arcs. Observations from exposed arc section document that the 
arc crust is already significantly stratified in a more felsic and 
more mafic part prior to the amalgation to continents. This is 
also confirmed through seismic observations in some arcs (Izu-
Bonin). The presence of this stratification implies that felsic 
melts are dominantly trapped in upper crustal levels whereas 
more mafic melts stagnate in the lower arc crust. Accordingly, 
in order to understand the origin of the chemical stratification 
of the continental crust and thereby the origin of the 
continental crust itself, we need to understand why melts stall 
in the crust. Here I investigate possible mechanisms for melt 
stagnation in the arc crust through field observations in the 
Kohistan arc section. First, I constrained the chemical 
stratification of the entire arc crust. The results clearly 
document that chemical differentiation in arcs occur 
dominantly only in the deeper arc crust which is characterised 
by mafic cumulates, whereas the upper, more felsic crust, is 
dominated by plutonic rocks with a near liquid composition 
(e.g. frozen liquids). This implies that melts stagnation occurs 
at two principal location in the arc crust: mafic melts get 
trapped in the lower arc crust whereas more felsic melts get 
stuck in the upper arc crust. I calculated the density structure of 
the entire arc section using ~220 whole rock compositions. The 
densities of the rocks are compared to the density of melts. 
Contrary to the general believe, the results show that no line of 
neutral buoyancy exists in the arc crust at which melts are 
becoming denser than surrounding rocks. Accordingly, density 
filters are absent in the arc crust and can not play any 
(significant) role for melt stagnation.  

In the absence of a density filter, I will focus on the role of 
viscosity controlling melt stagnation in the upper crust. I used 
existing hygrometer and barometers to constrain the melts 
emplacement depth, water content and viscosity and 
propagation length. These observation are used to constrain a 
model of melts emplacement differentiation throughout the arc 
crust. 
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Zr and Hf speciation in aqueous 
fluids at high P and T 
SANDRO JAHN AND MAX WILKE 
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Transport properties of metal cations in hydrothermal and 

subduction zone environments are strongly related to the 
solubility of the metal-bearing minerals in co-existing aqueous 
fluids or silicate melts. The high-field strength elements 
(HFSE) Zr and Hf are usually considered relatively immobile 
due to their very low solubility in H2O. However, recent 
studies (e.g. [1]) showed substantially increased Zr 
concentrations in alkali silicate or acidic aqueous fluids. To 
constrain better the conditions under which HFSEs are 
mobilized we need to understand their complexation and 
coordination in the fluid. In-situ x-ray absorption spectroscopy 
at high pressures, P, and temperatures, T [1,2] provides 
evidence for the formation of alkali zircono-silicate complexes 
in the silicate-bearing and oxo-chloridic complexes in Cl-
bearing acidic fluids. So far, the interpretation of these 
experimental results was based on comparison to crystalline 
model compounds and on theoretical XANES spectra of 
simple clusters representing possible coordination 
environments.  

Here, we develop more realistic structure models for Zr 
and Hf speciation in aqueous fluids at high P and T by 
performing ab initio molecular dynamics simulations. In this 
presentation, we mainly discuss monomeric species in HCl and 
NaOH solutions at T=1000 K and pressures of about 1 GPa. In 
all cases, both Zr and Hf are predominantly in octahedral 
coordination, i.e. surrounded by six nearest neighbor anions (O 
or Cl). The coordination number decreases somewhat towards 
a pure water solvent. Ab initio simulations and theoretical 
XANES spectra computed from snapshots of the molecular 
dynamics simulations indicate that the most probable 
complexes in chloridic solutions are 
[(Zr,Hf)Cl4(Cl,OH)(H2O)]-. The agreement of computed and 
experimental XANES spectra is less satisfactory for NaOH 
solutions, which suggests the formation of larger oligomeric Zr 
or Hf complexes in these fluids. Spectroscopic signatures 
obtained from some of these more complex molecular species 
will be presented and discussed. 

 
[1] Wilke et al (2012) Earth Planet. Sci. Lett. 349-350, 15-25 
[2] Louvel et al (2013) Geochim. Cosmochim. Acta 104, 281-
299 
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The study of well-preserved evaporitic microbial 
assemblages and silicified stromatolites have contributed 
substantially to Precambrian paleobiology. Over two decades 
of research at Guerrero Negro have created an extensive 
database on the biogeochemistry, diversity and organic 
biomarkers of these mats. Cyanobacterial mats differ from 
typical marine sediments in ways that can affect organic 
diagenesis. Mats typically have less available iron, higher rates 
of sulfur cycling and more abundant cyanobacterial sheaths 
and other EPS. Heterotrophs degrade biomolecules and 
provide smaller compounds to other biota, but functionalized 
biomarkers are also sequestered in macromolecules and thus 
protected from further diagenesis. The application of 
hydropyrolysis (HyPy) can identify biomarkers in these 
macromolecules and help characterize the processes involved 
in their preservation. 

In this study we have attempted to characterize the solvent-
extractable biomarkers in the mat and underlying sediments to 
link this work with previous studies of microbial diversity and 
by using HyPy to characterize lipid biomarkers bound to the 
insoluble biopolymer fractions. 

Cyanobacterial mats are one of the most diverse 
ecosystems known, which is further reflected by their highly 
diverse lipid composition. Solvent extractables include intact 
polar lipids characteristic of the viable community. Changes in 
fatty acid community structure were apparent with depth. 
Abundant sterol (C29>C27>C28) was present in the surface 
2mm. With depth, sterol abundance and molecular variation 
increased, and formation of sterenes became prevalent. Only 
small amounts of hopanoids were recovered from the surface. 
Free hopanes and hopanic acid increased with depth but 
methylated compounds were rare. By contrast, HyPy released 
relatively high amounts of extended hopanes, including methyl 
forms, with roughly equivalent hopane to sterane ratios. These 
preliminary observations indicate that hopanoids are more 
readily sequestered during diagensis as a potential 
consequence of early binding of their polyol side-chains.  
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What can the carbon isotope 
composition of plant tissue tell us? 

A. HOPE JAHREN1* 
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Science and Technology, Honolulu, HI 96822 
(*correspondence: jahren@hawaii.edu) 

 
The geologic record contains hundreds of millions of 

years’ worth of accumulation of plant tissues. The organic 
carbon of the terrestrial rock record (TOC) is a reservoir of 
partially decomposed land-plant tissues, the carbon having 
been fixed via photosynthesis. During the last decade, carbon 
isotope analysis of TOC in sediments has become a standard 
technique for identifying periods of potential environmental 
instability throughout Geologic time. Conspicuous carbon 
isotope excursions (CIE) have been documented within 
terrestrial sediments throughout the Phanerozic, but what is the 
best way to interpret a terrestrial CIE after it has been 
documented? Most of the interpretations in use are ultimately 
based upon observations in modern plants; specifically, from 
studies designed to measure changes in the δ13C of plant tissue 
upon exposure to environmental variables. Within my talk, I’ll 
review the history of various approaches, along with our new 
observations of the dependence of C3 isotope fractionation on 
pCO2. I will also discuss the potential for carbon isotopes in 
TOM to yield much-needed insight into key periods of the 
Paleozoic that are hypothesized to carry large disruptions in 
carbon cycling, but are poorly served by existing proxies. 
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The net carbon isotopic discrimination (Δδ13C) determined 

between plant tissue (δ13Cplant) and atmospheric CO2 (δ13CCO2) 
has long been used to reconstruct changes in plant community 
composition and climate. However, recent observations have 
revealed the dependency of δ13Cplant upon changes in 
atmospheric carbon dioxide concentration, which opens up the 
possibility of a new proxy. We will describe the potential for 
reconstructing ancient atmospheric CO2 concentrations based 
on the observed relationship between pCO2 level and Δδ13C 
quantified across a wide range of Geologically relevant pCO2 
levels and a diverse assemblage of C3 plants. We first will 
compare reconstructed pCO2 levels determined from applying 
this method to published δ13Cplant measurements of fossil leaves 
(n = 144), bulk terrestrial organic matter (n = 323), and n-
alkanes (n = 123) to pCO2 levels determined from ice core 
records through the last 30,000 years. More speculatively, we 
then provide an atmospheric pCO2 reconstruction for the entire 
Cenozoic based on >800 δ13Cplant measurements compiled from 
the literature, and discuss limitations associated with changing 
species distributions as well as changing water availability. 
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Keno Hill, Yukon, Canada 

H. E. JAMIESON1*, A. G. GAULT2, S. L. DESISTO1,  
B. L. SHERRIFF3, B. C. JOHNSON4  

AND J. M. HARRINGTON2.  
1Queen’s University, Kingston, ON, Canada 

(*correspondence: jamieson@geol.queensu.ca) 
2Alexco Environmental Group, Greenwood Village, CO 
3Sherriff Environmental Inc., Powell River, BC, Canada 
4Interralogic Inc., Golden, CO 
 

Circumneutral drainage from the abandoned No Cash mine 
in the Keno Hill silver district contains 10 mg/L dissolved Zn 
and 0.14 mg/L Cd where it discharges into No Cash Creek. 
Along the 3 km reach of the stream, ca. 99% of the dissolved 
Zn and Cd is removed through natural attenuation on 
sediments. Identification of the Zn- and Cd-bearing secondary 
minerals and estimation of their relative proportions are 
important for assessment of the long-term stability of these 
sediments. The relatively low total metal concentrations in 
sediments (<4% Zn, <0.05% Cd) distributed in multiple 
phases, including amorphous material, means that conventional 
XRD is not applicable. Bulk XANES can identify phases 
hosting a specific element and also provides estimate of 
relative proportions. In this case, Zn XANES was very useful, 
but spectral similarities in the XANES profiles of different Cd-
bearing model phases limited the utility of Cd XANES. SEM 
was used locate metal-bearing phases and provides high spatial 
resolution for textural examination, however, eye-catching 
features may introduce a bias, and secondary precipitates with 
low Zn and Cd concentrations can easily be missed. 
Synchrotron-based microXRF element mapping is highly 
sensitive and provided useful element correlations to guide 
microXRD, which captures nanocrystalline phases but misses 
truly amorphous material. LA-ICP-MS has low detection limits 
but the spatial resolution was not adequate for finely 
intergrown secondary precipitates. Automated mineralogy 
techniques (e.g. SEM coupled with Mineral Liberation 
Analysis) that characterize 100,000’s grains promise an 
evaluation of the relative proportions of all mineral 
constituents, providing an appropriate reference library has 
been established. Based on the application of all these 
techniques, we have determined that the principal hosts of Zn 
and Cd in the No Cash sediments are (hydro)hetaerolite, 
birnessite and Zn sorbed or co-precipitated with ferrihydrite 
and goethite. Natural attenuation has been a stable, ongoing 
process for at least 20 years at No Cash creek.  
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UST-bearing aplite body is recognized in the 

Neoproterozoic highly differentiated granitic rocks at 
Kharaatyagaan. Litho-geochemical prospecting result shows 
well determined anomalies of gold, tungsten and molybdenum 
mineralization in the area. Based on the field work relationship 
between the aplite and host rock, the UST is considered to 
have formed along the roof of a small aplite intrusion. The 
UST-bearing aplite is characterized by sequence of three main 
textural units: (i) thin crenulate UST layers, (ii) thick UST 
layers and (iii) fine-grained aplite units  Scanning electron 
microscopy and cathadoluminescence (SEM-CL) imaging of 
UST quartz from the Kharaatyagaan revealed a history of 
crystal growth, exhibited by four types quartz; Euhedral quartz 
phenocrysts with well developed concentric growth zoning 
(Qa1) in the aplite unit, euhedral quartz with weak growth 
zoning in the aplite unit (Qa2), UST quartz exhibiting distinct 
growth zones (Qu1), UST quartz showing mosaic texture 
(Qu2). Differences in textures of quartz in SEM-CL image are 
predominantly caused by variations in the Ti contents of 
quartz. UST quartz crystallization temperatures were 
calculated by Ti-in-quartz geothermometer (TitaniQ). TitaniQ 
crystallization temperatures of Qu1 quartz range between 
around 500°-710°C and Qu2 quartz range between around 
490°-560°C; gradually decreased from bottom to top of the 
Kharaatyagaan hill, whereas, Qa1 crystallization temperatures 
range between about 540°-780°C and Qa2 crystallization 
temperatures range between about 540°-630°C. Fluid 
inclusions study in UST quartz from Kharaatyagaan mainly 
consists of CO2 free and polyphase fluid inclusions. The 
homogenization temperature of the part A and part B UST 
quartz from 120-550°C< with 1-10wt. % NaCI equivalent and 
mostly occurs CO2-bearing fluid inclusions. The UST quartz 
from part C homogenization temperature range 140-400°C 
with 0.1-18wt. %. NaCI equivalent and mostly occurs two 
phase fluid inclusions. The result of studies on UST-bearing 
aplite demonstrates an evidence for two main stages of 
crystallization at Kharaatyagaan. (1) Quartz phenocrysts 
representing the early stage of magma differentiation, 
exhibited by Ti-enriched quartz phenocrysts (Qa1) and UST-
quartz (Qu1) and homogenization temperature high and low 
salinity CO2-bearing fluid inclusions in part A. Consequently, 
vapor rich and CO2–bearing fluid inclusions are significant 
evidence of magmatic derived fluids and of a phase separation 
sign during early-stage of the Kharaatyagaan UST-bearing 
aplite body in part A.  
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The Ribeira Fold Belt in SE Brazil is made up of low- to 

medium-grade Statherian-Calymmian (~1.8-1.4 Ga) meta-
volcano-sedimentary sequences succeeded by younger (~1.0-
0.55 Ga) foreland basins. Exposures of basement rocks are 
restrict to a few Paleoproterozoic (~2.2-2.0 Ga) granite-gneiss 
nuclei. Ediacaran (0.63-0.56 Ga) granites related to plate 
convergence and post-orogenic extension make up ca. 30% of 
the exposed belt, and provide windows to its deep crustal 
structure.  

Geochemical and Sm-Nd isotope signatures point to a 
major contribution from older than 2.0 Ga granite-gneiss 
sources to the Ediacaran granite magmatism. This is reinforced 
by the predominance of Paleoproterozoic ages in the inherited 
zircon assemblages, indicating that the belt is underlain by 
thick crystalline basement. However, contributions from 
younger sources are needed to explain the range of Nd TDM 
(dominantly 2.2-1.8 Ga; as young as 1.5 Ga), clearly distinct 
from that of the outcropping basement (Nd TDM~ 2.5-3.0 Ga). 

Sr-Nd-Pb isotope geochemistry reveals important lateral 
and vertical zonation in the basement and helps identify 
contributions from additional sources. K-feldspar Pb isotope 
signature clearly discriminates contributions from U-rich meta-
sedimentary sequences (also characterized by high 
87Sr/86Sr(t=0.6 Ga)) and old, low U, low U/Th granulitic lower 
crust (with low 87Sr/86Sr(t) and strongly negative εNd(t)). An 
enriched mantle component can be identified by shifts towards 
less negative εNd(t) and lower 87Sr/86Sr(t), most evident in the 
post-orogenic magmatism. The εNd(0.6 Ga) of the typical 
metasedimentary rocks are less negative than the basement (-
15 to -20 versus -20 to -30), reflecting some participation of 
younger juvenile sources in the detrital budget. Melting of the 
supracrustal sequences may therefore also contribute to the 
younging of granite Nd TDM relative to the older than 2.0 Ga 
granite-gneiss sources. 

 
Financial support: Fapesp, Proc. 2012/04148-0 
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The dominant sources of sediment in the Bering Sea are (1) 

terrigenous material from the Yukon and Kuskokwim rivers in 
Alaska and from the Anadyr River in northeastern Siberia, (2) 
volcanic material from the Aleutian Arc and (3) biogenic opal. 
The sediment composition is sensitive to the sea-ice extent, 
especially on the Bering Slope which at present coincides with 
the maximum sea-ice extent. The sea-ice extent in turn varies 
with climate, and thus reconstructing past sediment provenance 
can be informative for understanding the paleoclimate of the 
Bering Sea. Samples were obtained at site U1345 
(60°9.1917’N, 179°28.2036’W, water depth 1,008 m) on the 
Bering Slope during Integrated Ocean Drilling Project 
Expedition 323. To identify sediment provenance, we 
measured neodymium and hafnium isotope ratios of the detrital 
component. The average εNd and εHf values over last ~530 ka 
BP were -7.8 ± 1.8 (2σ, n=50) and -5.8 ± 5.3 (2σ, n=30), 
respectively. The εNd-εHf data set falls broadly on the 
Terrestrial Array [1], but inter-elemental correlation is poor. 
The core-top εNd value of -7.5± 0.2 (2σ) shows that the present-
day detritus at this site mainly consists of terrigenous material 
from the Yukon River (εNd =-8~-9) with a minor contribution 
from the Aleutian Arc. Temporal variations of εNd and εHf were 
observed: Non-radiogenic εNd excursions (down to εNd =-10.3), 
for example during the last deglacial period, infer stronger 
input of Yukon River material than at present. Radiogenic εNd 
excursions (up to εNd =-5.7), for instance during MIS 4, 
indicate enhanced sediment transport from the Aleutian Arc 
and weakened N. American riverine influence.  

 
[1] Vervoort et al (2011) Geochim. Cosmochim. Acta 75, 
5903-5926 
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Bering Sea is the northernmost marginal sea of the Pacific 

Ocean, joining with the Arctic Ocean through the shallow 
Bering Strait. Because this sub-polar region is sensitive to the 
climate change, understanding the paleoenviromental change 
in this region is important. In particular, during periods of 
reduced North Atlantic Deep Water formation, bottom water 
formation in the Bering Sea and North Pacific may have driven 
poleward oceanic heat transport [1]. This hypothesis can be 
tested by reconstructing the temporal variation of the bottom 
water composition. We analyzed the neodymium isotope ratios 
of Fe-Mn oxide coatings on marine sediments obtained from 
the Bering Slope (site U1345; water depth 1,008 m) during the 
Integrated Ocean Drilling Program Expedition 323. The 
average εNd value over the last 530 kyrs was -3.1±1.7 (2σ, 
n=149), and we observed large temporal deviations from it that 
did not all coincide with climatic variations. Radiogenic εNd 
excursions (up to -0.6) were generally associated with the high 
GRA bulk density, NGR counts and magnetic susceptibility 
and low color reflectance b* value. These indicate low opal 
productivity, possibly related to enhanced sea ice formation 
and consequent vigrous brine rejection triggering sinking of 
radiogenic surface water. On the other hand, the non-
radiogenic εNd excursions (down to -5.4) were mainly 
accompanied by low GRA bulk density, NGR counts and 
magnetic susceptibility and high b* values. The non-radiogenic 
N. America sourced water may affect bottom water 
composition but we do not find suitable dense water formation 
mechanism which satisfies a high opal productivity 
environment. Alternatively, boundary exchange with sinking 
particles transported from N. America, e.g. weathering 
products delivered by the Yukon, is also conceivable. 

 
[1] Okazaki et al (2010) Science 329, 200-204 
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The finding that genetically and metabolically diverse 
microbial communities thrive in the deep subsurface raises 
fundamental questions. While culture-independent molecular 
methods are increasingly shedding light on these questions, a 
comprehensive characterization of the subsurface biosphere is 
hindered because the majority of the resident archaea and 
bacteria appear to be ‘unculturable’. We here report our recent 
progress in developing electrochemical platforms, based on 
physical electrodes that function as electron donors and 
acceptors for respiration, to cultivate slow-growing subsurface 
microbes. 

We describe two electrode cultivation platforms: (1) a bulk 
(multi-liter volume) bioelectrochemical reactor based on 
carbon cloth working electrodes, and (2) a microfluidic ‘on 
chip’ platform based on microfabricated electrodes compatible 
with in situ microscopy. Both platforms mimic interfacial 
electron transport as a central mechanism for microbe-mineral 
energy transfer in the subsurface, while allowing the 
simultaneous exploration of multiple redox potentials in a 
single experiment. 

Preliminary characterization was performed on samples 
from Nevares deep well-2 (NDW2) in Death Valley, CA. This 
site is an artesian well drilled in travertine spring mound 
without drilling fluid, intersecting fault-associated, deeply-
sourced water. Collected well water was used to enrich for 
subsurface microorganisms at four different redox potentials 
(50 mV, 150 mV, 250 mV, and 350 mV vs. Ag/AgCl) using 
multichannel potentiostats. Preliminary electrochemical, 
microscopy, and 16S rRNA analyses point to the growth of a 
few metal reducers, including Rhodoferrax ferrireducens and 
other unknown organisms currently being characterized. 
Additional molecular biological and electrochemical 
measurements are ongoing to assess the microbial diversity 
and interfacial electron transport mechanisms dominant in 
these reactors. 

Our study demonstrates an alternate method for culturing 
subsurface microbes, while using physical electrodes to 
emulate the microhabitats, redox and geochemical gradients, 
and the spatially dependent interspecies interactions 
encountered in the subsurface.  
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Cadmium (Cd), a trace metal micronutrient for marine 

phytoplankton, has a dissolved oceanic distribution which 
shows a strong correlation with the macronutrient phosphate 
(PO4

3-) [1]. Stable Cd isotopes exhibit significant oceanic 
variations that are controlled by the interaction of biological 
Cd utilization and physical ocean circulation [2, 3]. While Cd 
isotope data are available for the Atlantic Ocean (see 
compilation in [3]) and the Southern Ocean [2, 3], few data 
exist for the Pacific Ocean. 

Here we present the first high-resolution depth (n=25) 
profile as well as the longitudinal Line-P transect for [Cd] and 
stable isotope fractionation in the North Pacific. Surface 
samples show heavy ε112/110Cd values consistent with 
biological fractionation with a fractionation factor (α) of 
1.00025 ± 2, in agreement with that previously reported for the 
HNLC Southern Ocean [2, 3]. Below 150 m depth, ε112/110Cd 
values show remarkably uniform behavior with an average of 
1.11 ± 0.15 (2SD). Dissolved [Cd] is decoupled from PO4

3- 
within the Northeast Pacific oxygen deficient zone. This 
decoupling is driven by a depletion of dissolved Cd beginning 
at a depth of approximately 300 m and a dissolved oxygen 
concentration of 50 μmol kg-1, while PO4

3- continues to 
increase in a typical nutrient-type distribution [4]. Samples 
collected along the longitudinal transect from a coastal to an 
oceanic environment show [Cd] and ε112/110Cd gradients along 
isopycnals, with both concentration and ε112/110Cd elevated in 
coastal samples. 
 
[1] Boyle et al (1976) Nature 263, 42-44 [2] Abouchami et al 
(2014) Geochim. Cosmochim. Acta, 127, 348-367 [3] Xue et al 
(2013) Earth Planet. Sci. Lett. 382, 161-172 [4] Janssen and 
Cullen (2012) AGU fall meeting abstr. OS24E-08 
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Mulga Rock, a uranium and multi-element mineralized 

deposit in Western Australia, is hosted by mid-Eocene 
carbonaceous shale, silt and sands. The Ambassador deposit 
contains the highest uranium concentrations to which the 
mineralized layer between depths of 53 to 58.5 m consists of 
<200 to 5280 ppm uranium and bears a close spatial 
relationship with organic matter (OM). Petrological, bulk and 
molecular geochemical analyses verify low maturity of OM 
with a terrigenous and primarily vascular plant OM source. 
Solvent-extracted organic fractions mainly contain saturated 
hydrocarbons (HC) and ketones. In samples with low uranium 
concentrations, long-chain n-alkanes and alkanones (C27-C31) 
reveal an odd carbon preference indicative of extant lipids. 
Samples with high uranium concentrations contain 
intermediate-length n-alkanes and alkanones with no carbon 
number preference. The diversity of alkanone isomers decrease 
and the alkan-2-ones dominate the highly mineralized layers. 
The trends are inconsistent with aerobic and diagenetic 
degradation in oxic depositional environments and cannot be 
associated with thermal breakdown of HC. The close spatial 
association of uranium and organic matter resulted in the 
breakdown of aliphatic components via radiolytic cracking. A 
mechanism is proposed to explain the distributions and 
abundances of the n-alkanes and ketones.  
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Introduction 

Supercritical gas extractions with carbon dioxide (CO2) 
have successfully recovered a wide range of nonpolar 
polycyclic aromatic hydrocarbons (PAHs) and aliphatic 
hydrocarbons from different source rock matrices (i.e. coal and 
shale) under varying extraction conditions. The primary goal 
of this study is to examine CO2-based extraction of n-aliphatic 
hydrocarbons from crushed samples of Marcellus Shale cores, 
and to evaluate how the efficiency of extraction varies as a 
function of particle size. The samples are from cores drilled at 
depths ranging from 1,924 to 2,278 meters, in Pennsylvania, 
USA. 
Results 

Reflectance measurements on solid organic matter of the 
shale samples confirms their high level of thermal maturation, 
ranging from 2.2-2.6% Ro, and suggests that solid pyrobitumen 
constitutes the bulk of the total organic carbon (TOC) present 
in the analyzed samples. Supercritical CO2-extractions of the 
crushed shale samples (1000-500µm, 250-125µm, and 63-
25µm particle size fractions) achieved successful extraction of 
diesel-range n-aliphatic hydrocarbons from n-C11 through n-
C21. Total quantity of recovered n-aliphatic hydrocarbons 
ranges from approximately 0.01 to 0.6 parts per thousand by 
weight (milligrams of hydrocarbon per 1 gram of bulk shale 
sample), or approximately 0.03-1.2% TOC. The distribution 
and quantity recovered is consistent with the high maturity of 
the sampled shale. Notably, the recovery of total hydrocarbons 
increases approximately 15-60% from the 250-125µm particle 
size in comparison to that extracted from the 1000-500µm 
fraction for the cores sampled. However, recovery is 
maximized for the 250-125µm particle size, with lower yields 
for the 63-25µm particle size. Understanding the chemical and 
physical interactions of high-density CO2 with organic and 
inorganic shale matrices will help further evaluate controls on 
hydrocarbon recovery within the Marcellus and other 
unconventional source rocks. 
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Despite the importance of solar irradiance as a dominant 

control on the earth’s energy budget, no proxy has been 
developed that can provide records on timescales of over 104 
years. No independent empirical record of solar irradiance 
therefore exists prior to the Holocene, limiting our 
understanding of the relationships between solar energy inputs, 
global climate and biotic change over longer timescales. 

Here, we present a novel proxy based on the chemical 
composition of sporopollenin, the primary component of the 
outer walls of pollen and spores (sporomorphs). The chemical 
composition of sporopollenin is responsive to levels of 
ultraviolet-B (UV-B) radiation exposure, via a concomitant 
change in the concentration of phenolic compounds. This 
relationship offers the possibility of using fossil sporomorph 
chemistry as a proxy for past UV-B flux, and by extention total 
solar irradiance (TSI). Fourier Transform infrared (FTIR) 
spectroscopy provides an efficient, economical and non-
destructive method for measuring phenolic compound 
concentration. The high preservation potential of sporomorphs 
in the geologic record, and the conservative nature of 
sporopollenin chemistry across the land plant phylogeny, 
means that this new proxy has the potential to reconstruct UV-
B and TSI flux over much longer timescales than has 
previously been possible. 

We demonstrate the capability of sporomorph chemistry to 
reconstruct accurately the modern latitudinal TSI gradient, and 
present preliminary TSI timeseries data from the late 
Pleistocene of Ghana. This proxy provides a new approach for 
quantifying and understanding the relationship between UV-B 
flux, solar insolation and past climate. The unpicking of this 
information offers the tantalising potential to determine how 
changes in solar irradiance have driven long-term changes in 
vegetation assemblages. 
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Sodium bentonite is planned to be used as buffer material 
in KBS-3 method for final disposal of spent nuclear fuel. 
Therefore, the long-term stability and reactions have to 
investigated in all kinds of possible conditions.  

The interaction of compacted sodium bentonite with low 
salinity groundwater simulant and copper canister was studied 
under aerobic and anaerobic conditions during 15- year 
experiments. The experimental arrangement consist of the 
compacted Na-bentonite (MX-80) enclosed in a copper 
cylinder allowed to react through a steel sinter with the 
solution outside. 

After dismantling, the chemical composition of the 
bentonite and external water, microstructure of the bentonite, 
microbes in bentonite, external solution, copper surfaces, and 
minerology of the bentonite were studied.  

The results of the mineralogy and chemical changes in 
bentonite are presented in this paper. The results were 
compared with the initial situation and dismantled experiments 
after 10 months [Muurinen et.al. 1996]. 

The main chemical processes, like dissolution of gypsum 
and calcite, exclusion of anion products from bentonite and 
exchange of cations (calcium with sodium) were observed to 
occur during 10 months interaction. [Muurinen et.al. 1996]. 

The main observations between 10 months and 15 years 
were copper diffusion in bentonite, precipitation as cuprite and 
malachite in bentonite, and replacing partly other cations as 
exchangeable cations in the experiments under oxic contitions. 
The amount of the carbonates increased in external water, and 
calcite and siderite were observed in bentonite after 15 years. 
The content of the sulphate in bentonite indicates that fraction 
of these elements may occur as minerals, even after 15 years of 
contact with water.  

 
[1] A.Muurinen, J.Lehikoinen, A.Melamed & P.Pitkänen, 
1996. Chemical interaction of fresh and saline waters with 
compacted bentonite. VTT Research Notes 1806. 
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Secondary organic aerosol (SOA) formed from the 
atmospheric oxidation of non-methane organic gases (NMOG) 
is a major contributor to atmospheric aerosol mass. About one-
third of organic emissions from major combustion sources are 
not speciated. These emissions are misclassified in the current 
generation of emission inventories and chemical transport 
models, and because the unspeciated emissions 
characteristically produce more SOA per unit emission than 
the speciated NMOG, model SOA predictions are biased low. 
We present new source-specific SOA yield parameterizations, 
constrained by chamber experiments on real emissions, to 
correct this bias. Using the new yield parameterizations we 
calculate that NMOG emissions from the top six combustion 
sources form 0.74 Tg yr-1 of first-generation SOA in the US, 
87% of which is from biomass burning and gasoline use. 
Three-quarters of this SOA comes from unspeciated organics, 
demonstrating that unspeciated emissions must be properly 
treated in chemical transport models for accurate SOA 
predictions.  
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Climate and air quality models lack or incorporate a simple 
and unconstrained treatment of the multi-generational aging of 
organic gases, a pathway that could improve organic aerosol 
(OA) model performance and bears heavily on OA’s climate- 
and health-relevant properties. For the first time, we implement 
an explicit oxidation scheme [1] parameterized using recent 
experimental data in a regional air quality model to simulate 
the influence of multi-generational aging of OA in the 
summertime over Southern California. The scheme includes a 
resolved treatment of carbon number and structure (linear, 
branched, cyclic) for alkanes and a lumped treatment for 
aromatics and biogenics. Preliminary results indicate 
improvement in region-wide daily-averaged OA 
concentrations. A comprehensive evaluation at Pasadena, CA 
based on measurements made during CalNex 2010 suggests 
improvement in predictions of OA’s diurnal profile, degree-of-
oxygenation and fossil-versus-modern fraction.  
 
[1] Cappa, C. and K. Wilson, Multi-generation gas-phase 
oxidation, equilibrium partitioning, and the formation and 
evolution of secondary organic aerosol. Atmospheric 
Chemistry and Physics, 2012. 12(20): p. 9505-9528 
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Scientific drilling within the Yellowstone–Snake River 
Plain (YSRP) province has documented, to a significant extent, 
the silicic and basaltic volcanic history of the YSRP, which has 
allowed us to evaluate how the Yellowstone hotspot interacted 
with the continental crust and sub–lithospheric mantle and 
assess how large igneous provinces are constructed. Yet only a 
few places have recovered both SRP–rock types that could 
answer outstanding questions related to the life–cycles of 
caldera complexes. The Sugar City geothermal test well, 
however, preserves a record of volcanism at a strategic 
location connected to the life, death, and resurrection of the 
Heise caldera complex. This location provides an ideal place to 
compare the origins of polygenetic and monogenetic lava 
fields, as well as, provide a glimpse into the caldera forming 
and post–caldera volcanism of the eastern Snake River Plain. 
Major and trace element data from basalts reveals distinct 
groups, with a pronounced change after emplacement of the 
Huckleberry Ridge tuff. Sugar City basalts also display a 
complex history of compositions that reflect the two dominant 
compositions observed within the YSRP, i.e., non–evolved 
olivine tholeiite and Craters of the Moon–evolved type. These 
two eruptive suites provide a means to assess the effects of 
magma ascent paths, possibly with little interaction with the 
upper crust. Sugar City silicic rocks, on the other hand, have 
all of the classical characteristics of A–type granites, including 
high concentrations of alkalis, as well as high concentrations of 
incompatible elements and especially those with high field 
strength such as Nb, Ta, Zr, and Th. We provide a general 
model that satisfies all the available data and highlight patterns 
that trace the evolution of the caldera’s life, decline and 
eventual death, and resurgent volcanism during the 
Pleistocene. This work, in connection with previous field 
studies, and geochemical and isotopic studies makes the Heise 
caldera complex one of the best studied caldera centers within 
the YSRP province. 
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Rapid methodological advances in both analytical 

measurements of ocean chemistry and for detecting cellular 
readout in terms of genes and proteins expressed in response to 
in situ concentrations of biologically available trace metals are 
revolutionizing our understanding of trace metal 
biogeochemistry. This presentation will highlight how recent 
gene expression studies of natural diatom communties in the 
North Pacific are beginning to reveal the similarities and 
differences in strategies different taxonomic groups use to 
adapt to iron limitation. This presentation will also emphasize 
how laboratory studies of iron utilization with ecologically 
relevant organisms are important for revealing novel biological 
strategies for adapting to limiting conditions in the 
environment and for calibrating and interpreting an in situ 
biological response. Finally, we will present data showing that 
the in situ genetic response of diatoms indicates when sources 
of iron may not be biologically available in the coastal North 
Pacific and how biological assays may motivate more detailed 
future studies of metal bioavailability. 
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Ferropicrite is a rare primitive magma type, found 

exclusively in association with continental flood-basalt events, 
which is of importance for understanding melting of fusible 
lithologies, such as pyroxenite, in the convecting mantle. 
Ferropicrite is characterised by high MgO and FeO, low Al2O3 
and strongly fractionated LREE/HREE ratios (e.g. [La/Yb]N = 
12). Such geochemical characteristics cannot be produced by 
high-pressure melting of mantle peridotite alone, and indicate 
the involvement of a more enriched and lithologically distinct 
source. 

We focus on a sample set from the Paraná-Etendeka Large 
Igneous Province (LIP), which formed in response to the 
impact of the proto-Tristan plume and continental rifting, and 
is linked to the modern day plume by aseismic ridges. The 
ferropicrites (133 Ma) were intruded in the Etendeka region of 
Namibia towards the start of LIP magmatism and before the 
main flood basalt pulse. The combination of a high mantle 
potential temperature and thick lithosphere may be key to 
understanding the origin of these unusual melts: early-onset 
melting restricted to higher pressures will preferentially sample 
fusible lithologies within the mantle. Picrite melts - thought to 
form by high temperature melting of a depleted peridotite 
source - also outcrop in the area and form a useful comparison 
scenario for deconvolving the effects of pressure, temperature 
and source lithology on mantle melt composition. 

We demonstrate, using both whole-rock and olivine-hosted 
melt inclusion trace-element data, that the Etendeka 
ferropicrites and associated picrites form under high-
temperature melting conditions, and that some have suffered 
little crustal contamination, thus retaining their primary trace-
element characteristics. We use these trace-element 
compositions in forward numerical models of mantle melting 
to examine the hypothesis that a significant proportion of a 
distinct mantle lithology, such as pyroxenite or eclogite, is 
required in the ferropicrite mantle source, relative to the picrite 
source. Our principal conclusion is that ferropicrites do indeed 
require a pyroxenite component in their source, so provide 
strong evidence of melting and recycling of oceanic 
lithosphere in Earth’s convecting mantle during plume 
upwelling. 
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Self-assembling microgels, transitional in size between 
dissolved and particulate matter, have been suggested to play a 
key intermediary role in organic matter bioreactivity. Microgel 
formation is the first step in creating a particulate sink for 
dissolved organic matter, with up to 10% of dissolved organic 
carbon in the ocean (70 PgC) predicted to exist in the gel 
phase. Independent tests of these important roles for microgels 
have not been conducted. In this work, we evaluate the 
fluorometric method developed previously for assaying the 
carbon content of gels, employing samples collected from the 
Gulf of Alaska.  
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A number of asbestos miners in S. Korea were extensively 

exploited for chrysotile asbestos in the early of the 20th century 
and no remediation of soils around the abandoned mines has 
been done. The objective of this study was to investigate 
mineralogical characteristics of asbestos-containing soils and 
remediation of asbestos-contaminated soils. 

Soils from abandoned asbestos mines in Hongseong and 
Gapyeong, S. Korea were sampled, fractionated by 
sedimentation method. Chemical dissolution using four types 
of chemicals (hydrocholic acid, sulfuric acid, oxalic acid, 
hydrogen peroxide) was conducted to remediate the chrysotile 
asbestos-containing soils. Mineralogical and chemical 
characterization were performed by XRD, PLM, SEM-EDS, 
TEM-EDS, and ICP analyses. 

Soil textures of the Gapyeong and Hongseong soils were 
sand and loamy sand, respectively. XRD, PLM and SEM-EDS 
analyses showed that fibrous chrysotile was observed in both 
soils and needle-shaped tremolite was observed in Gapyeong 
soils. TG-DTA and XRD analyses showed that chrysotile and 
tremolite in soils were transformed to forsterite and diopside 
with the temperatures about 810℃ and 1060℃, respectively. 
Chemical treatment of the chrysotile showed release of Mg 
occurred and transformed into unknown minerals. ICP analysis 
implied that hydrochloric acid (HCl) and sulfuric acid (H2SO4) 
could be more effective for release of Mg and transformation 
of chrysotile. These results indicated that chemcial dissloution 
using HCl and H2SO4 and heat treatment have the potential for 
remediation of chrysotile asbestos containing soils 
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Alkaline lamprophyres in the Outer Western Carpathians at 

the Czech-Polish border form a suite of melano- to mesocratic 
dykes and sills commonly known as teschenites or teschenite 
association rocks (TAR). They show HIMU affinity and their 
emplacement is commonly related to Early Cretaceous rifting 
[1, 2, 3]. 

In this study we focus on further constraints of TAR 
petrogenesis utilising Sr, Nd and Hf isotopes. Additionally, we 
aim at constraining rates of magma differentiation applying 
high precision Lu-Hf apatite dating as well as U-Pb sphene 
geochronology. 

All analysed samples, regardless of the degree of magma 
differentiation, show very narrow range of εNd(CHUR) 
variation (from +5.0 to +5.7) which is supported by 
εHf(CHUR) values ranging from +7.9 to 10.2. These suggest 
little crustal contamination as and rather homogenous mantle 
derived magma. 

Previous geochronological studies based on Ar-Ar 
kaersutite dating of lamprophyres from the Polish side suggest 
that more evolved lamprophyres were emplaced c. 2 Ma later 
than more primitve magma [4]. However, age precision 
achieved in the latter study does not allow to fully resolve the 
age difference. We applied Lu-Hf dating of apatite that is 
commonly present in nearly all lamprophyre types. Strong 
Lu/Hf fractionation by this mineral makes it suitable for high 
precision geochronology. Our preliminary 121.34 ±0.66 Ma 
age obatined for the mesocratic teschenite is in a very good 
agreement with previously published 122±1.5 Ma Ar-Ar date. 
The achieved precision allows to fully resolve potential time 
difference in emplacment of evolved to various degree 
teschenites and determine rates of magma differentiation. 
 
[1] Hohenegger (1861), Gotha, 1-50 [2] Tschermak (1866), 
Sitzber. Akad. Wiss. Wien, 53 (1–5), 260–287 [3] Dostal & 
Owen (1998), Geol. Rundsch. 87, 67–77 [4] Lucińska-
Anczkiewicz et al. (2009), Geol. Carpath. 53, 1, 45-52 
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Colloids have an important role in the transport of trace 

metals in the hydrological cycle. We investigated the metal 
contents in various phases and the difference in terms of 
shapes, morphology and composition of colloids and to link 
them to the potential sources as well as the colloids influence 
on heavy metals transportation. The concentrations of heavy 
metals in dissolved phase and particulate the distribution 
features was similar, but there is no special trend for the 
distribution of heavy metals at each site. All of them could be 
as a consequence of mining minerals and frequently 
transportation in the area. The mineral phases of colloidal 
particles were mainly iron oxides, silicate minerals and small 
amount of carbonate. The source of metal-bearing colloids are 
classified into three types: natural, anthropogenic and biogenic. 
They were found to be the primary controlling factors for 
controlling heavy metals removal and transformation in water 
environment system. Furthermore, we the first found 
nanocolloidal metacinnabar in the fresh water system. 

It was also found that the carbon and nitrogen isotopic 
ratios in suspended particulate matter were -29.34 ‰— -
25.91‰ and -0.96‰— +6.73‰, respective, in summer, while 
they were -30.75 ‰— -25.75‰ and -0.83‰— +9.67‰, 
respective, in winter. There were obvious seasonal variations 
in isotopic compositions observed in the study area. The 
relationship between SPM weight and POC indicated that 
mineral matter coming from the erosion of terrigenous soils 
was the main component of SPM. The suspended particulate 
organic matter was derived mainly from SOM, C3 and 
macrophyte in summer, while it was derived from plankton in 
winter. δ15 Ｎ ratios reflected the combined results of 
information of sources and a series of biogeochemical 
processes. Although δ15Ｎ  ratios could provided limited 
information of sources, it can be used to trace some special 
biogeochemical processes.  
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The long-term chemical weathering study in the karst areas 

can become a key factor for the quantitative modelling of 
dynamics within the Critical Zones. We chose a set of 
representative lateritic weathering covers developing in south 
Guangxi of China，combining the geochemical and 
mineralogical data, several conclusions of this study were 
summarized. The mineral assemblages from various lateritic 
profiles are predominated by goethite, hematite, gibbsite, illite 
and kaolinite, and, quartz, zircon and anatase are common 
accessory minerals. The iron concretions are characterized by 
high concentration of iron and aluminum and low content of 
silicon and sulfur. Goethite and hematite are the primary 
occurrence states of iron in the lateritic soils and iron nodules. 
The mass balance calculation result shows that the ferruginous 
nodular horizon played an important role in the adsorption and 
enrichment of various elements. The REE were significantly 
fractionated, and Ce was less mobilized and separated from the 
other REEs at the highly enriched top of the profile. The 
distinct Ce positive anomalies occur in the ferruginous nodular 
horizon, while there are no significant Ce anomalies in mottled 
clay layer. The fluctuation of cerium content may be explained 
by a succession of periods of various weathering intensity and 
redox environment caused by climatic variations. Our results 
support that the typical tropical lateritic soils in south Guangxi 
developed under special conditions, especially the climate 
factor. The evolution model of the typical tropical lateritic 
profile was established, which displays geochemical behaviors 
of various elements generally depend on the occurrence state 
and stability of minerals. 
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Soluble metal-based nanoparticles such as zinc oxide 

(ZnO) are used in a variety of consumer products and 
engineered applications and are also known to occur naturally 
in the environment. The release of metal ions from these 
nanoparticles (NPs) is a key step controlling metal 
bioavailability and subsequent toxicity to organisms exposed 
to the NPs. Likewise, the dissolution rate of soluble NPs is 
critical for controlling the lifetime of the NPs in environmental 
systems, and rates depend upon many environmental factors, 
including the interactions of the NPs with natural organic 
matter (NOM).  

The goal of this research is to study how the characteristics 
of NOM influence the dissolution rate of ZnO NPs. We 
utilized anodic stripping voltammetry as a way to directly 
measure dissolved Zn ions in aqueous solution at a relatively 
high time resolution (e.g. on the order of 1 min intervals), and 
examined the effects of 16 different NOM isolates on the 
dissolution kinetics of ZnO NPs (average primary particle 
diameter of 20-30 nm) in buffered potassium chloride solution 
(I=0.1 M, pH = 8.5) at 25.0 ºC. The observed zero-order 
dissolution rate constant (kobs) and the dissolved zinc 
concentrations at equilibrium increased linearly with NOM 
concentration (from 0 to 40 mg-C L-1) for Suwannee River 
humic and fulvic acids and Pony Lake fulvic acid. When 
dissolution rates were compared for 16 different NOM isolates 
at 20 mg-C L-1, values of kobs positively correlated with certain 
properties of the NOM, includeing Specific UV Absorbance 
(SUVA), oxygen/carbon (O/C) ratio, aromatic and carbonyl 
carbon contents and molecular weight (MW). Dissolution rates 
were negatively correlated with hydrogen/carbon (H/C) ratio 
and aliphatic carbon content. The observed correlations 
indicate that aromatic carbon content is a key factor in 
determining the rate of NOM-promoted dissolution of ZnO 
NPs. In addition, a weak negative correlation was observed 
between kobs and ZnO NP aggregate size in the early stage of 
dissolution, which in turn is negatively correlated with MW of 
NOMs. Findings of this study facilitate a better understanding 
of the fate of ZnO NPs in organic-rich aquatic environments 
and highlight SUVA as a facile and useful indicator of NP-
NOM interactions. 
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The high viscosity oil whose gum and asphaltene content is 
higher is widespread in Lunnan area, which has close 
relationship with the save after accumulation. According to the 
analysis of tectonic evolution, it had happened two intense 
tectonic movements in late carboniferous and Permian in this 
area. The destruction effect of the tectonic movement of late 
carboniferous was particularly strong, it not only flattened the 
carboniferous and the Silurian，but also denudated directly 
into Ordovician which is the hydrocarbon accumulation 
reservoir. The Permian tectonic movement is also very 
strong， and led to the emergence of a large number of 
fractures，the four fault zone in two broken bases of buried 
hill is formed in this period，in addition，the tectonic 
movement denudated Permian and most of Carboniferous. 
Two-stage tectonic movement lead to the serious 
biodegradation damage in Ordovician oil，and it appeared 25-
norhopane which indicates strong biodegradable. After later 
crude oil had accumulate in the traps which had been suffered 
strong biodegradable and even produced asphalt, it will 
gradually dissolve these asphalt, and eventually lead to high 
viscosity oil with high content of gum and asphaltene. 
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During secondary migration, oil takes place 

complicated changes, because rocks have different adsorption 
capacity for each component of oil, for example the adsorption 
capacity is stronger for asphaltene with larger molecular 
weight and stronger polarity. In this research, we simulate oil 
secondary migration by the way of injection oil from the 
bottom into the model continuously, the model was a vertically 
placed glass tube which was full of glass beads saturated by 
water; electronic temperature control system was adopted 
during the experiment to control constant temperature of the 
glass tube system; taking samples when oil outflow from top 
export once every three hours. According to the analysis 
results of sample, the oil components with bigger molecular 
weight and stronger polarity will be adsorpted on the surface of 
rocks, which will lead to the difficulty of oil 
migration：①Narrow the migration channel；②Absorb the 
macromolecules, strong polarity components in migrating 
oil；③Leads to the formation of asphaltene concentration on 
the oil migration path. According to analysis of experimental 
results, the resistance produced by the oil migration itself is 
much greater than the capillary resistance, and increasing 
continuously with migration process, this may lead to the oil 
accumulation on migration path. The worse the porosity and 
permeability of transport layer, the greater the amount of 
accumulation. 
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A variety of evidence for stratigraphic correlation and 

seismic profile analysis indicate that the top of the Maokou 
Formation of Sichuan Basin has denudation, but predecessors 
didn’t carry out the related work for the denudation process 
and quantity, in this paper，According to the conodonts 
distribution of different sedimentary faces and its relationship 
with basalt eruption in time, the paper makes clear the 
sequence of denudation and the characteristic of conodont 
biostratigraphy in different regions. Furthermore, High 
frequency sequences of single well of different parts has been 
analyzed, cleared the erosion amount of each single well. 
Analysis results show that the Maokou Formation exist two 
stages denudation, early mantle uplifting result to denudation, 
late the sea-level fall led to dripping erosion. There are three 
strong denudation area and two weak denudation area, the 
erosion amount of strong denudation are between 60 meters to 
120 meters, the erosion amount of weak denudation area are 
between 0 meters to 50 meters. 
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Karst underground river commonly suffers from nitrate 
contamination. Different from other aquifers, however, studies 
on its bioremediation techniques are inadequate more due to its 
rapid flow rate and low ratio of conduit-surface area to water 
volume. In the study, an experiment for enhanced 
bioremediation of nitrate contamination was performed via a 
geometric carbonate conduit model, in which ethanol was used 
as sole carbon source. Its objective was to examine the 
feasibility of ethanol-denitrification technique in a karst 
underground river.  

The geometric model was made of carbonate pipes with 
different inner diameters of 1-5 cm. Its total length was 367.5 
cm and internal volume was 6988 cm3. The influent containing 
nitrate (about 100 mg/L) and sodium fluorescein as a tracer 
(about 50 ug/L) dissolved in karst groundwater was injected 
into the inlet at a rate of 50 ml per hour. To examine ethanol-
denitrification, ethanol was added into the influent just after 
156 hours of the experiment. 

The experiment lasted 2184 hours. Its results indicated that 
the reactants including dissolved oxygen (DO) and nitrate at 
the outlet had no obvious mass attenuation before ethanol 
addition. Nevertheless, since ethanol (about 285 mg/L) was 
added, masses per unit hour of DO, nitrate and ethanol lost 
82.64%, 38.78% and 26.50%, respectively. Meanwhile, 
products including nitrite and bicarbonate ion had obvious 
accumulated. Mass changes of reactants as well as products 
were caused by ethanol-oxidation and/or -denitrification by 
indigenous microorganisms. It was important that the capacity 
of denitrification metabolism in the karst conduit model had 
limitation. Nitrate could not be depleted ever in the presence of 
rich ethanol, which was different from that in a porous media.  

The study was funded by NNSF of China 
(41172229,41362012). 
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Mt. Huang is a famous Global Geopark situated in the 

East-Central China. The compositions of major ions of a 
catchment at northern Mt.Huang (a critical zone observatory) 
were measured. Results show that Ca2+ and HCO3

-, followed 
by Na+ and SO4

2-+NO3
-, dominate the chemical composition of 

the runoff water in autumn and spring. The average Si 
concentrations in the water account for 12% and 7% of the 
total ions for both seasons respectively. Analyses of 
stoichiometry of the runoff water indicate that the solutes are 
mainly controlled by process of silicate and carbonate 
dissolution. Carbonic and sulfuric acid are both as the agents 
of rock weathering, suggesting that the coal combustion in 
adjacent regions around Mt.Huang is partly as an origin of 
sulfate. Anthropogenic input to river solutes is minor. Based 
on calculation, the atmospheric input to river solutes in autumn 
is higher than that in spring. The chemical weathering rates of 
carbonate and silicate in spring are about three times than that 
in autumn. The rate of carbonate weathering by H2CO3 and 
H2SO4 is slightly lower than that of silicate weathering by 
H2CO3. It indicates that the disseminated calcite from granitoid 
rocks or/and minor outcrops of carbonate distributed in wall 
rock around Mt.Huang main peak play important roles in the 
contribution to runoff water chemistry there. These data 
provide some basic information for revealing biogenic 
elements cycle in the forest ecosystem at Mt.Huang. 

 
This work is supported by the NSFC (41203055) 
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It is well known that microorganisms are able to mediate 

removal of U(VI) from solution through reduction to insoluble 
U(IV) oxides under anaerobic conditions, but microbial 
transformation of U(VI) under aerobic conditions are less well 
understood. Here, we describe two processes of U(VI) 
transformation by the aerobic bacterium Caulobacter 
crescentus, known for its ubiquitous presence in aquatic 
systems and high U(VI) tolerance. U(VI) causes a temporary 
growth arrest in Caulobacter and growth recovery is not due to 
a decrease in U solubility, a common detoxification strategy 
employed by other microorganisms. Through functional 
reporter assays, we discovered that Caulobacter is able to 
reduce U(VI) bioavailability through the secretion of an as-yet 
unknown, heat-stable metabolite(s), representing a unique U 
detoxification strategy. Upon recovery from growth arrest, 
Caulobacter proliferates with normal growth kinetics, 
accompanied by active U(VI) biomineralization. We found that 
phosphate metabolism is actively involved in the formation of 
U-P precipitates that are similar to autunite-group minerals. 
Comparisons of growth and U(VI) precipitation by wild type 
versus a phosphatase mutant indicates that extra-cytoplasmic 
phosphatase activity is not only responsible for the formation 
of cell-surface-bound U-P precipitates, but also plays an 
important role in cell survival under U stress. Our results 
highlight the importance of aerobic bacterial metabolism for U 
biogeochemistry.  
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Numerous studies of sanidine-bearing lavas and tephras 

have used the 40Ar/39Ar laser total-fusion technique to 
determine eruption ages, typically using a single-collector 
mass spectrometer. We employed the incremental heating 
technique on single sanidine phenocrysts from several samples 
and commonly used 40Ar/39Ar standards using a CO2 laser, 
ultra-low blank extraction system, and Noblesse five-collector 
mass spectrometer. We have developed a two step procedure 
for multicollector analysis, which requires a peak jump of one 
amu, but provides accurate determination of the essential 
isotope ratios. Sample analyses are interspersed with 
measurements of a standard gas to assess mass bias, 
intercalibrate between multiple detectors, and gauge 
instrumental drift over time. Our in-house standard is a mixture 
of atmospheric Ar and 39Ar and has a 40Ar/39Ar ratio of 2:1. 
Single aliquots from a 0.1 cm3 pipette give 40Ar signals of 
~200,000 cps, commensurate with the sizes of sample 
unknowns. Significant improvement in the separation of H35Cl 
and 3 12C peaks from 36Ar allows for more accurate Ar isotope 
measurements.  

Twelve to fifteen step incremental heating experiments of 
individual sanidine crystals from the Alder Creek rhyolite yield 
plateaus that are >97% concordant, which contradicts the 
results of a recent study by Phillips et al. (2013). Age 
distribution from the Huckleberry Ridge tuff (HRT) sanidines 
are more complex. The youngest set of plateau ages (n=10) 
presumably reflect the eruptive age, but there are also 
antecrysts with plateau ages that are 9 to 20 ka older than the 
youngest mode as well as crystals that produced discordant 
spectra. Anomalously old apparent ages occured for single 
heating steps within several experiments despite the previous 
and subsequent steps being concordant. The origin of this 
phenomena is unknown, but could reflect gas released from 
micron-scale inclusion phases, melt inclusions, or complex 
volatiles trapped heterogeneously within the crystals. We will 
also present results from other voluminous, sandine-bearing 
eruptions that give highly discordant spectra.  
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Ettringite, Ca6Al2O6(SO4)3·26H2O, forms in alkaline 

environments during the early hydration of Portland cements in 
presence of sulfate ions. Natural occurrences are rare, but 
ettringite crystals have been described in some geological 
settings such as banded weathering crusts, associated with 
porlatlandite, Ca(OH)2, and overgrown on thaumasite, 
Ca3Si(SO4)(CO3)(OH)6·12H2O, or gypsum. The fact that the 
crystal structure of ettringite can accommodate different 
substituting oxyanions, some of them radioactive or toxic, 
explains the enviromental interest of this mineral. For instance 
Se(VI) incorporates into ettringite substituting for sulfate in 
structural positions [1]. However, the extent and mixing 
properties of this substitution remains poorly understood. 
Moreover, the incorporation of substituting ions has been 
typically studied by performing co-crystallization experiments 
in which defective and low crystallinity phases are frequenly 
obtained.  

In this work we have crystallized different members of the 
Ca6Al2O6(SO4,SeO4)3·26H2O solid solution by mixing CaO (24 
mmol) and stoichiometric amounts of Al2(SO4)3, Al2O3, 
Na2SeO4 in ultrapure water in a nitrogen glove-box to 
minimise the CO2 contamination. Our results indicate the 
presence of a wide, asymmetric miscibilility gap. Moreover, 
the dehydration behavior is demostrated to depend 
dramatically on the degree of crystallinity of the ettringite host 
phase. A comparison between the thermal behavior (studied by 
X-ray diffraction) of natural and synthetic ettringite confirms 
the different evolution of their crystal structures. Well 
crystallized natural samples were found to be stable up to 
100ºC, while synthetic samples lose the short-range order at 
about 50ºC. Therefore, the thermal behavior is proved to be 
sensitive to the crystallization conditions and must be 
considered when this phase is envisioned as a potential host 
phase for the uptake of harmful ions. 
 
[1] Baur & Johnson (2003) Cement Concret Res. 33, 1741-
1748 
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The aim of this study is to evaluate the mobility of MTE in 

surface coastal sediments of the Bay of Quiberon and the Gulf 
of Morbihan (South Brittany, France) in relation to anthropic 
forcing (harbor pollution). Local coastal sediment is composed 
of a matrix of low reactivity old eroded minerals from the 
Hercynian chain (over 300 Million years old) and clays 
accumulated from coastal transport. Recent development of 
agriculture and yachting contaminated surface sediments with 
MTE from paint coatings and other pollutions. Organic matter 
accumulates also in harbors and protected areas. To evidence 
potential geochemical interactions between these components, 
we analyze 52 samples distributed over the area using multiple 
single extractions. 

The chemical partitioning is divided in five operationally 
defined fractions (exchangeable/carbonate, Fe/Mn oxides, 
organic matter/sulfide, acid soluble, residual).  

Principal component analysis on the results of each 
leaching method would indicate mixed sources for MTE 
distribution, depending on the location: yachting paint 
pollution, organic matter content, sediment anaeroby (traced 
by U enrichment) and sediment size fractionation. 

The detailed distribution analysis is in progress. It seems to 
show very different distributions of elements that will be 
associated to environmental parameter. A preliminary 
distinction is apparent between mobile and bioavailable 
elements such as As, Cd and Zn and unreactive metals such as 
Sn possibly associated with heavy minerals. 
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We propose a multi-element isotope modeling approach to 

simultaneously predict the evolution of different isotopes 
during the transformation of organic contaminants. The 
isotopic trends of different elements are explicitly simulated by 
tracking position-specific isotopologues that contain the 
isotopes located at fractionating positions. Our approach 
provides a mechanistic description of different degradation 
pathways that accounts for the influence of both primary and 
secondary isotope effects during contaminant degradation. The 
proposed modeling approach is versatile and can be applied to 
a wide variety of traditional and emerging organic pollutants as 
well as biotic and abiotic transformation processes. In this 
study we show applications on microbial degradation of 
toluene, methyl tert-butyl ether (MTBE) and nitrobenzene 
observed in previous experimental studies. Our model 
successfully predicts the multi-element isotope data (both 2D 
and 3D), and accurately captures the distinct trends observed 
for different reaction pathways. The approach provides an 
improved and mechanistic methodology to interpret multi-
element isotope data and to predict the extent of multi-element 
isotope fractionation that goes beyond commonly applied 
modeling descriptions and simplified methods based on the 
ratio between bulk enrichment factors or on linear regression 
in dual-isotope plots.  
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The precipitation is a main source of groundwater 

recharge, which is of important significance for the ecological 
environment in the arid and semi-arid region. The Ordos 
Desert is one representative of the (semi-)arid areas, North 
China. However, knowledge on the provenance of 
precipitation in this area is little till now. In this study, 
rainwater samples were collected from four meteorological 
stations in the Ordos Desert for one hydrological year from 
2010 to 2011 and analyzed for isotopic compositions of δD-
δ18O. 

Authors proposed different local precipitation lines for the 
Ordos Basin based on the data from the IAEA stations 
surrounding the Ordos Desert. However, their studies can not 
characterize the Ordos Desert correctly. Using our data, in 
combination with precious data of the precipitation in the 
Ordos Desert [1], the latest local precipitation line equation is 
established: δD=7.00δ18O-3.02 (n=118, R2=0.93). Compared 
with the global precipitation line, which is defined as 
δD=8δ18O+10 [2], the slope of the local precipitation line is 
lower, implying that atmosphere precipitation of the Ordos 
Desert area experienced a certain evaporation. δ18O and δD 
isotopic compositions of the precipitation vary significantly 
from -10.68 to -3.58 and from -81.21 to -23.08, respectively in 
summer whereas from -22.19 to -9.61 and from -169.82 to -
94.41, respectively in winter. Seasonal variation in isotopic 
composition of the precipitation was associated mainly with 
rainfall amount, air temperature and moisture source.  

Further, we find that the winter precipitation of the Ordos 
Desert is isotopically similar to that of the Xinjiang area 
whereas the summer precipitation of the Ordos Desert 
approaches that of southern China. This result suggests that 
atmospheric moisture over the Ordos Desert came from the 
Siberia in winter but from the Pacific Ocean in summer. The 
HYSPLIT model also demonstrates this point [3]. 
 
[1]Yin lihe et al. (2011) Hydrogeology Journal, 19(2), 429-443 
[2] Craig H. (1961) Science 133, 1702-1703 [3] Air Resources 
Laboratory. http://ready.arl.noaa.gov/hypub-bin/trajtype.pl? 
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The soils of western Texas and southern New Mexico near 
the U.S.-Mexico border are highly cultivated. On this dryland, 
flood irrigation is necessary but contributes greatly to soil 
degradation. Indeed, our elemental flux calculation estimates 
that irrigation using water from the Rio Grande River loads 
200 gNa/m2 and 100 gNa/m2 annually. Here, we characterized 
soil and pore water samples in agricultural fields of this 
dryland to quantify the salt loading within soils and to 
investigate the dominant controlling factors. 

The saturation indexes calculated from soil water 
chemistry demonstrated that these waters were oversaturated 
with respect to calcite in soils, but only slightly unsaturated 
with respect to halite and gypsum. Fluid electrical conductivity 
(EC) in soils, converted from bulk soil EC, increased at the 
onset of each irrigation event, suggesting gradual increase of 
major ion concentrations such as Na+ and Cl- in the soil waters. 
This is probably due to both dissolution of pre-existing 
evaporate salts and loss of water through evapotranspiration. 
Thus, it is expected that with continuous loss of water, soil 
waters will eventually become saturated with respect to 
evaporate minerals and halite and gypsum begin to precipitate 
in the soils. For example, up to 0.5 wt% of halite was observed 
in our study sites.  

Soil waters were saturated for calcite even at the onset of 
irrigation and should become more oversaturated over time. 
Indeed, calcite was detected in these soils by powdered XRD 
and quantified by elemental carbon analysis (~10 wt% of 
calcite). U-isotope derived ages of pedogenic carbonates in the 
agricultural soils were much lower than those in the natural 
sites nearby. Thus the presence of recently accumulated new 
carbonates (due to irrigation loading) significantly lowered the 
average age of previously and naturally formed old carbonates 
in soils. 

Majority of soils have sodicity greater than 13 and salinity 
greater than the crop’s tolerance levels. In summary, we 
illustrated that flood irrigation loaded salts onto the agricultural 
soils in drylands, deteriorting soil quality and modifying global 
elemental cycles and the critical zone. 
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The behavior of mercury (Hg) in terrestrial and aquatic 
ecosystems is strongly governed by interactions with organic 
ligands and mineral surfaces controlling its mobility and 
bioavailability. Speciation models based on thermodynamic 
stability constants assuming fast exchange between different 
ligand complexes are used to predict the fate of Hg in natural 
systems. The affinity of different ligands for Hg(II) binding is 
relatively well known, with reduced sulfur ligands usually 
outcompeting other functional groups and dominating Hg(II) 
speciation under many conditions. However, the exchange 
kinetics of Hg(II) between different ligands and the extent of 
irreversible binding are much less well understood.  

Here, we present lab experiments studying the exchange 
between various Hg(II) ligands. After pre-equilibrating Hg(II) 
solutions for 4 days with solid-phase (carboxyl-resin, thiol-
resin, goethite) and dissolved (cysteine, EDTA, Suwannee 
River NOM) ligands, we replaced the supernatant with a 198Hg-
enriched solution containing the same ligand. We then 
followed the change of concentrations and isotope ratios in 
solution over time using cold vapor quadrupole ICP-MS.  

The exchange between Hg(II) bound to carboxyl-resin and 
dissolved Hg(II) was relatively fast and complete after 4 days. 
In contrast, Hg(II) bound to thiol-resin and goethite exchanged 
much slower and equilibrated only partially after 30 days, 
pointing to the formation of a non-exchangeable Hg(II) pool. 
Competing ligands in solution further slowed down the 
exchange kinetics. Hg(II)-cysteine complexes reached 
equilibrium with the carboxyl-resin only after 16 days and 
exchange of Hg(II)-EDTA was even slower. Suwannee River 
NOM-bound Hg(II) exhibited the lowest extent of exchange, 
with the size of the non-exchangeable pool corresponding to 
the amount of thiol groups present. 

Our results revealing slow exchange and the presence of 
non-exchangeable Hg(II) pools illustrate the limitations of 
thermodynamic approaches and imply that kinetic constraints 
must be considered to a larger extent in the modelling of 
Hg(II) mobility and bioavailability in natural systems. 
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The incompatible behavior of halogens gives them the 
ability to act as tracers of volatile transport processes in the 
Earth´s mantle. It is crucial to investigate halogen partitioning 
behavior and incorporation mechanisms in olivine, which is 
the dominant upper mantle mineral, to better understand 
halogen behavior during partial melting processes. 

 Halogen partitioning between forsterite and silicate melt 
has been measured in experiments at 1.0-2.3 GPa and 1500-
1600°C, representing partial melting conditions of the Earth´s 
upper mantle. Our data show that partitioning into forsterite 
decreases with increasing anion size: DF

fo/melt > DCl
fo/melt ≥ 

DBr
fo/melt. Combining our data with results of [1] shows that F 

and Cl partitioning between forsterite and melt is not pressure 
dependent, but is strongly temperature dependent, as it 
increases by a factor of 500 (F) and 2000 (Cl) between 1300°C 
and 1600°C. Bromine appears to show a similar behavior. 

Back scattered electron images and transmission electron 
microscopy measurements show that halogens are not 
incorporated in melt inclusions, fluid inclusions or humite type 
defects in forsterites. The most reasonable incorporation 
mechanism for halogens is via point defects in the forsterite 
lattice, where they are inferred to be charged-balanced via 
oxygen defects. Possible substitution mechanisms are [MgO2]2-

=[F2]2 as suggested by [2] or the replacement of a [SiO4]4- 
tetrahedon with a [halide]4 quadruplet. [3] suggested by using 
first principles calculations that the latter mechanism increases 
the fluorine solubility in forsterite exponentially with 
increasing temperature whereas the effect of pressure is almost 
negligible. This is in agreement with the halogen partitioning 
behavior observed in our study and might be a sign that this 
mechanism is predominantly controlling the halogen 
incorporation in forsterite.  

The strong temperature dependence of the partitioning 
behavior and the modal abundance of olivine in mantle 
peridotite indicate that olivine is a major host for halogens in 
the Earth´s upper mantle. 

 
[1] Beyer et al (2012) EPSL 337-338, 1-9 [2] Bernini et al 
(2013) CMP 165, 117-128. [3] Bernini (2011) Ph.D. thesis. 
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Halogens have, due to their incompatibility, the potential 
to act as key tracers of volatile transport processes and may 
help us to gain a better understanding of the volatile input 
mechanisms into the Earth´s mantle. 

We measured experimentally the fluorine, chlorine and 
bromine partitioning behavior between forsterite (fo), 
orthopyroxene (opx) and silicate melt at temperatures (1500-
1600°C) and pressures (1.0-2.3 GPa) representative of partial 
melting conditions in the Earth´s mantle, particularly the OIB 
source region. Combining our data with results of recent 
studies [1,2] shows that F and Cl partitioning between fo and 
melt increases by a factor of 500 (F) and 2000 (Cl) between 
1300°C and 1600°C and does not show any pressure 
dependence. Bromine appears to show a similar behavior. 
Partitioning between opx and melt increases by about 1.5 
orders of magnitude (Cl) and 0.5 orders of magnitude (F) for a 
temperature increase of 100°C (between 1300°C-1600°C). 
Partitioning decreases with increasing pressure with Cl 
partitioning into opx decreasing by 1.5 orders of magnitude for 
a pressure increase of 1 GPa (between 1.0 and 2.5 GPa). 

Halogen abundances in OIB source regions (F=35-65; 
Cl=11-45ppm) were estimated by combining our data with 
natural halogen concentrations in oceanic basalts [3, 4]. OIB 
source Cl abundances are in almost perfect agreement with 
primitive mantle estimates (18-42 ppm [4]). An isolated OIB 
source mantle is expected to be slightly depleted in volatiles 
[5]. This implies that presumably small amounts of Cl are 
recycled into the OIB source mantle region, possibly via 
marine pore fluids. F is, however, enriched in the OIB source 
mantle region by a factor of 1.4-3.6 relative to primitive mantle 
estimates (≈25ppm, [6]). This suggests that significant 
amounts of F are recycled into deeper mantle regions through 
subduction of oceanic crust, possibly in the lattice of hydrous 
amphibole, or in anhydrous high-pressure phases of eclogite. 

 
[1]Beyer et al (2012) EPSL 337-338, 1-9 [2]Dalou et al 
(2009)CMP 163, 591-609 [3] Kendrick et al. (2012)Geol. 40, 
1075-1078 [4]Ruzié et al (2012)V31A-2762, AGU Fall 
Meeting. [5] Winter (2010) An Introduction to Ign. and Met. 
Petrol. [6] Palme and O´Neill (2003) Treat. Geo. 2, 1-38 
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Limitations with respect to measurement accuracy of LA-
(MC)-ICP-MS, in particular for volatile and 
siderophile/chalcophile elements, are caused by matrix related 
effects. We have therefore investigated elemental fractionation 
[1] and mass-load-induced matrix effects [2] with a new 200 
nm femtosecond laser (NWRFemto200) and two nanosecond 
lasers (193 nm excimer, 213 nm Nd:YAG) using reference 
materials with different matrices (silicate, geological, 
carbonate, phosphate) [3]. In all cases, the fractionation factors 
and element/Ca ratios obtained from fs LA are more uniform 
than those obtained from ns LA; this is especially apparent for 
the volatile elements Rb, Zn and Pb. Our experiments 
demonstrate that no significant matrix dependency could be 
observed with the 200 nm fs laser. Therefore, a non-matrix-
matched calibration for the analysis of quite different matrices 
can be performed using certified NIST or other reference 
glasses for calibration. To test this calibration procedure, we 
have determined the mass fractions of 47 trace elements in 22 
international reference materials with quite different matrices. 
Within overall analytical uncertainties of several percent the 
data agree with available reference values. 

We have also applied fs LA for the line-scan analysis of 
small amounts of dust samples, where samples are extremely 
heterogeneous and ablated material is about 1 µg. Especially 
promising are the low detection limits allowing the 
determination of femtogram amounts of trace elements [4]. 
Because of the low test portion masses and the heterogeneity 
of the samples, uncertainties are about 15 – 25 %. 
 
[1] Fryer et al (1995) Can. Min. 33, 303-312 [2] Kroslakova 
and Günther (2007) JAAS 22, 51-62 [3] Jochum et al (2014) 
GGR, subm. [4] Macholdt et al (2014), in prep. 
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Halogenated organic compounds frequently destroy 

stratospheric ozone when released into the atmosphere. While 
many such organohalogens are anthropogenic, recent studies 
have revealed that natural biogeochemical processes in soils 
and sediments can produce similar compounds at rapid rates. 
Here we show that recent rises in sea level may have increased 
the natural production of brominated organic compounds in 
submerged wetland sediments. 

We investigated the concentrations and speciation of Cl 
and Br in a fresh water wetland, salt-impacted wetland, and 
salt marsh along a salinity gradient in Winyah Bay, South 
Carolina. Our studies indicate that Cl in the fresh water 
wetland is mostly retained as organochlorine. However, Cl in 
the salt-impacted wetland and salt marsh is primarily retained 
as Cl-. No significant production of organochlorines is seen in 
the salt-impacted wetland. In contrast, Br is primarily retained 
as organobromine in all three systems, and organobromines are 
most abundant in the salt-impacted wetland. Using the 
partitioning behaviour of Cl and Br, we predict that the salt-
impacted wetland retains excess Br because of the bromination 
of natural organic matter. 

As sea levels continue to rise, bromination of natural 
organic matter will become a major source of volatile 
organohalogens that deplete stratospheric ozone. 
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Ancient chemical sediments that contain putative 

microbialites (i.e., organosedimentary structures known as 
stromatolites) are thought to preserve Earth’s earliest biosphere 
[1]. Shale-normalized rare earth element (REE) patterns of 
ancient chemical sedimentary rocks have been investigated as 
indicators of secular changes in ocean chemistry through 
geologic time [2]. Furthermore, shale-normalized REE patterns 
of Archean putative microbialites strongly suggest these 
structures formed as biochemical precipitates within shallow 
marine environments [3]. Here, we apply a Bayesian inverse 
model to compute the most probable carbonate alkalinity, 
within a likely pH range, for Archean seawaters using the 
shale-normalized REE patterns of putative microbialites as the 
constraint. The model assumes that the shale-normalized REE 
patterns of putative microbialites were incorporated from 
Archean seawater without fractionation, and further, that the 
shape of the REE patterns reflects competition between 
solution and surface complexation reactions, as is the case in 
modern seawater. Henry’s Law is subsequently applied to 
estimate the partial pressure of CO2 in the Archean 
atmosphere, which we assume was in equilibrium with shallow 
waters of the Archean ocean. The model was tested using REE 
contents of putative microbialites, including those from the 
3.45 Ga Strelley Pool Formation of the Warrawoona Group, 
Pilbara Craton in Western Australia [3]. Model results are 
discussed in context with previous models and computed 
estimates. Our results compare well with recent estimates of 
atmospheric CO2 levels for the Archean [4], but are lower than 
previous models [5]. 
 
[1] Rosing (1999) Science 283, 674 [2] Bau and Möller (1993) 
Geochim. Cosmochim. Acta 57, 2239 [3] Van Kranendonk et 
al (2003) Geobiol. 1, 91 [4] Hessler et al (2004) Nature 428, 
736 [5] Kasting (1987) Precambrian Res. 34, 205 

 
 



 Goldschmidt2014 Abstracts  
 

 

1155 

1155 

Scavenging of zinc and zinc isotopes 
onto sinking biological material in the 

upper ocean 
SETH G. JOHN1 AND TIM M. CONWAY1 

1Department of Earth and Ocean Sciences, University of South 
Carolina, Columbia, SC 29208 tconway@geol.sc.edu; 
sjohn@geol.sc.edu 

 
Zinc (Zn) and cadmium (Cd) are important biologically 

active trace-metals in the ocean. To date, the marine 
distributions of these elements have been understood primarily 
in terms of biological assimilation by growing phytoplankton 
and regeneration of sinking biological material. Initial studies 
of Zn and Cd concentrations and stable isotope ratios (δ66Zn 
and δ114Cd) have therefore focused on their use as simple 
tracers of assimilation and regeneration in the oceans. 
However, these two processes are insufficient to explain new 
data on the marine distribution of Zn and δ66Zn from the US 
GEOTRACES North Atlantic Zonal Transect. 

Here, using the first high-resolution paired marine depth 
profiles of Zn, Cd, δ66Zn and δ114Cd, we suggest that 
scavenging of Zn onto organic matter plays a major role in the 
marine cycling of Zn. This hypothesis is supported by culture 
experiments examining the release of Zn, Cd, and P from 
degrading phytoplankton. We find that all three elements are 
released at roughly the same rate during degradation, however 
Zn alone is rapidly scavenged back onto organic matter. We 
also find that adsorbed Zn is isotopically heavier than the 
dissolved phase by 0.58‰. In contrast, very little Cd or 
phosphate was scavenged and Cd isotopes were not 
significantly fractionated during degradation. Our hypothesis is 
further supported by one-dimensional modeling, which 
reproduces observed marine δ66Zn profiles with < 1% of Zn 
adsorbed to particles.  

Understanding how Zn cycling in the oceans is a balance 
between assimilation, scavenging, and regeneration is 
necessary in order to investigate δ66Zn as a tracer of marine 
productivity. We anticipate that paired analyses of δ66Zn and 
δ114Cd will prove to be valuable new tools in constraining 
patterns of global primary productivity, providing key 
information for the marine carbon cycle during periods of past 
and present global climate change. 
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Recent work in the North Pacific has suggested that soft 

metals (e.g. Zn, Cu, and Cd) may be precipitated as sulfides 
within the water column in oxygen-depleted waters. We 
present a wide variety of dissolved and particulate data from 
the US GEOTRACES North Atlantic Zonal Transect 
suggesting that Cd precipitates as sulfides within the low-
oxygen waters of the eastern tropical North Atlantic.  

Dissolved seawater cadmium (Cd) and phosphate (PO4
2-) 

concentrations show that Cd is depleted relative to PO4
2- within 

the most oxygen-depleted (~50 µmol kg-1) waters of the 
eastern basin. This depletion is associated with anomolously 
high dissolved δ114Cd, suggesting removal of isotopically light 
Cd by sulfide precipitation. Similar depletions in dissolved Cd, 
relative to PO4

2-, are not observed in higher-oxygen waters of 
the central and western basin. 

Particulate Cd and P concentrations and δ114Cd are also 
consistent with a hypothesis of CdS precipitation. In the lower-
oxygen eastern basin, particulate Cd has two maxima. An 
upper maximum within the surface fluorescence maximum 
correlates with high particulate P, attributed to the growth of 
phytoplankton. A second maximum at deeper depths where 
oxygen concentrations are lowest, without an associated 
particulate P maximum, is attributed to CdS precipitation. 
Particulate δ114Cd in this lower maximum are between 0 to 
+0.2 ‰, which is lighter than the surrounding seawater and 
lighter than the presumed biologenic δ114Cd supply from the 
euphotic zone. This suggests the preferential precipitation of 
isotopically light Cd as sulfides in low-oxygen waters. Finally, 
particulate Cd, P, and Ba concentrations across the entire 
transect show a correlation between Cd and P concentrations in 
the surface ocean and particulate Ba concentrations in deeper 
waters of the thermocline, consistent with precipitation of both 
barite and Cd sulfides within anoxic microenvironments 
surrounding sinking biological particles. 

This data has implications for interpretation of Cd 
concentrations in the modern ocean, as well as for the 
interpretation of Cd/Ca as a paleoceanographic proxy. 
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The geochronology of sub-seafloor hydrothermal activity 

from several mineralized, active and inactive vent fields at 
Suzette and Pual Ridge, eastern Manus backarc basin, 
Bismarck Sea, Papua New Guinea, was established using the 
228Th/228Ra, 228Ra/226Ra and 226Ra/Ba uranium-series 
disequilibrium methods for barite-rich samples. The 
hydrothermal mounds and chimney structures of Suzette and 
Pual Ridge are located on dacitic-rhyodacitic volcanic domes 
and ridges. Precipitation of hydrothermal barite was controlled 
by decreases in temperature and mixing of hydrothermal fluids 
with oxidized seawater. Repeated fluctuations in hydrothermal 
fluid temperature and chemistry resulted in complex sequences 
of barite and sulfide minerals lining vugs and conduits, 
whereas rapid cooling following fracture events led to 
precipitation of only barite and some Fe-oxide coatings on 
barite crystals. Within the hydrothermal mound structures, 
wide age ranges of barite from drill cores (380-5990 yrs BP) 
represent pulses of hydrothermal fluids through the altered 
volcanic and mineralized rocks; with younger ages (34-220 yrs 
BP) indicating more recent barite-precipitating fluid circulation 
accessing fractures, veins and vugs. Barite from chimney 
samples is, on average, younger (23-1680 yrs BP) than drill 
cores, with the majority precipitated between 23 and 41 years 
before present; reflecting the structural stability (standing life) 
of the chimneys, and possible influences from varying 
hydrothermal fluid chemistry or reactivation of vent fields. 
Three generalized age groups, representing major episodes of 
barite-precipitating hydrothermal fluid circulation, are resolved 
from Suzette (19-45, 810-1900 and 3740-4710 yrs BP, 
including 1σ errors); with the most recent ages recorded from 
both Suzette and Pual Ridge. Fast-spreading rates within the 
Manus basin, an abundance of faults and variable magmatic 
inputs are major factors controlling the frequency and 
longevity of these episodes of hydrothermal activity.  
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We calculate a new nitrogen budget for the Earth. Our 

estimate for the solid Earth (crust and mantle, minus the core) 
is between 8.3-13.5x1018 kg N. This is 2-3 times the 
atmospheric mass of 4x1018 kg, though there is potential for 
the mantle to sequester a substantially higher amount [1]. 

Our estimate is based on a thorough literature compilation, 
and represents the most comprehensive N budget of which we 
are aware. Significantly, we find that nearly an atmosphere’s 
worth of N (3.2x1018 kg) is contained in the continental crust, 
with a substantial amount in the lower crust, suggesting 
continents may act as a long-term sink for N. In addition, at 
least 2-3 atmosphere’s worth is contained in the mantle. 

Determining the current distribution of N on Earth is 
important, since many aspects of its long-term cycling between 
the surface and deeper Earth remain unresolved.  

Surface N has clearly been subducted and cycled through 
the mantle, as revealed by correlation between N2 and 40Ar in 
mid-ocean ridge basalts [2]. In contrast, N2 does not correlate 
with primordial 36Ar, strengthening the case for a surficial 
origin. The timing, rate, and magnitude of N movement to the 
deeper Earth is somewhat constrained for modern subduction 
zones [3] [4], but fluxes in the past and the amount of N 
retained in the mantle in are more enigmatic.  

N sequestration into the solid Earth has a direct impact on 
atmospheric evolution. It is possible that the atmosphere 
during the Archean contained up to 2-3x the present mass of N 
[5] [6], though other evidence suggests the N content has been 
constant since that time [7].  

 
[1] Li et al (2013) EPSL 377 311-323 [2] Marty (1995) Nature 
377 326-329 [3] Elkins et al (2006) Geochimica et Cosmo. 70 
5215-5235 [4] Mitchell et al (2010) G3 11 24 pp. [5] Goldblatt 
et al (2009) Nature Geoscience 2 891-896. [6] Nishizawa et al 
(2007) EPSL 254 332-344 [7] Marty et al (2013) Science 342 
101-104  
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The unseen manganese cycle is rich: Mn(IV)-oxide phases 
are a critical pool of oxidants in soils and aquifers, fresh-water 
and marine sediments. While manganese oxides enter 
sediments as Mn(IV) oxyhydroxides, subsequent geobiological 
processes during diagenesis produce a sedimentary record that 
is dominated by Mn(III)-oxide phases and Mn(II)-carbonates. 
This multi-electron reduction of solid Mn-oxide phases is 
mediated by both abiotic and biotic processes. The reaction 
pathways are complex and depend on a variety of conditions, 
including redox processes and rates of reduction, and the 
resulting products are hard to predict thermodynamically. We 
developed a novel approach to study the processes of Mn 
reduction via Shewanella oneidensis MR-1 in real time using 
synchrotron X-ray spectroscopy in stirred flow-through 
reactors. We capture spectra of the Mn phases every 15 
minutes in 8-16 hr experiments. These real-time experiments 
highlight a Mn(III)-oxide intermediate and a final 
rhodochrosite product, which can be directly correlated to 
Mn(II)-carbonates in ancient sediments. We also show that in 
the presence of mM phosphate, a Mn(II)-phosphate phase 
forms rapidly as a secondary precipitate, which may be an 
analogue for modern high-phosphate soils. Manganese 
reduction in the presence of phosphate does not produce a 
Mn(III) intermediate, suggesting that despite evidence for two 
successive single-electron transfer reactions at the outer 
membrane [1], the microbially-mediated reduction mechanism 
effectively converts Mn(IV)-oxides to Mn2+ and the Mn(III)-
oxide formation is the result of Mn2+-Mn(IV)-oxide 
disproportionation [2]. These results provide an deeper 
understanding of the mechanics of Mn reduction and a way to 
invert observations of textures and mineralogy in Mn-rich 
sedimentary rocks for geobiological processes of Mn-reduction 
occuring in sediments.  
 
[1] Lin et al (2012) Geochimica et Cosmochimica Acta 99, 
179-192 [2] Elzinga (2011) Environmental Science & 
Technology 45, 6366-6372 
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We present experimental data showing how manganese 
oxides trap dissolved organic carbon (DOC) at 3%w/wC 
transforming it into two isotopically distinct fractions, one of 
which is highly thermally stable. We examine in detail the 
physiochemical relationships between the trapped organic 
carbon and manganese oxide, which is present as birnessite 
coatings on sand grains in a water treatment works filter bed 
(Mosswood WTW, Northumberland, UK, Co. Durham, UK, 
54°51°N - 53°59°W). The birnessite coating is analysed using 
thermogravimetric analysis (TGA) combined with differential 
scanning calorimetry (DSC) and mass spectroscopy. Carbon 
dioxide (m/z 44) is detected in the 200-375oC and the 550-
750oC range and the DSC curve detects exothermic reactions at 
270oC and 600oC, that could be associated with labile and 
refractory carbon [1] and a small endothermic reaction at 
712oC, which could be associated with inorganic carbon 
(calcium carbonate present at 0.5%w/w). The trapped organic 
carbon has been isotopically fractionated and the labile fraction 
has an enriched δ13C signature (-24.9‰) compared to the 
original DOC (-27‰). Our data supports a previously 
unknown mechanism for carbon fractionation and stabilisation 
within manganese oxides, which has significant implications 
for our understanding of the carbon cycle. 
 
[1] Lopez-Capel et al (2005) Soil Sci. Soc. Am. J. 69, 136-140 
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Reconstructing past atmospheric radiocarbon (Δ14C) 

concentration is essential for improving the calibration of the 
radiocarbon timescale, investigating past variations in solar 
activity and Earth’s paleomagnetic field, and investigating the 
redistribution of carbon between terrestrial, atmospheric, and 
marine reservoirs that occurred over the past 50,000 years. 
Previous work suggests that U-Th dated speleothems hold 
great potential for improving the record of atmospheric Δ14C, 
but may be complicated by changes in dead carbon proportion 
(DCP) derived from bedrock. To address this issue, we have 
conducted a detailed study of radiocarbon systematics in a 
modern cave system at Heshang Cave, China (30º27’N, 
110º25’E; 294 m), the site of ongoing, extensive modern 
calibration and paleoclimate reconstruction efforts. We will 
present 14C results from soil CO2, dripwater DIC, and modern 
calcite samples collected monthly to seasonally from 2007 - 
2011 to investigate how seasonal environmental changes 
impact carbon cycling at our site. In addition, we will present a 
high-resolution DCP record from a U-Th dated stalagmite (HS-
4), spanning 0.5-9.5 ka, representing the longest period of 
overlap between a speleothem-based reconstruction of 
atmospheric 14C and the robust Holocene tree-ring 14C record 
to date.  

Dripwater, soil, and modern calcite results show clear 
seasonal variability, with higher Δ14C values in the summer, 
likely reflecting increased respiration of young, bomb 14C rich 
soil organic matter (SOM) during the summer monsoon 
months. HS-4 DCP appears fairly constant over the Holocene, 
at 10 ± 1%, though increases observed during the wet mid-
Holocene interval and decreases during the dry 8.2 ka event 
are suggestive of some minor climatic influence. Unlike the 
modern seasonal 14C cycles, which likely reflect SOM 
dynamics, we demonstrate that these DCP shifts are more 
likely caused by shifts in closed vs. open system dissolution in 
response to changing soil moisture.  
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Olivine dissolution was studied under conditions relevant 

for subusrface carbon dioxide storage (60 °C, 100 bar PCO2) for 
periods of 2 and 19 days in batch reactors in order to better 
understand the Si-rich surface layer that forms under these 
conditions. The initial aqueous reaction fluid was spiked with 
approximately 0.3mM 29Si. Aqueous samples were withdrawn 
from the experiments at various times to track the reaction 
progress, and were analyzed for elemental concentration, 
alkalinity, and total dissolved carbon. The samples were 
analyzed for silicon isotopic concentrations using a 
multicollector ICP-MS. After conclusion of each experiment, 
the reacted olivine grains were analyzed with a high-resolution 
ion microprobe to measure the silicon isotope ratios in the 
solid as a function of depth. The 29Si/30Si ratio of the aqueous 
phase decreases with time as the spike is diluted by silicon 
from the dissolving olivine and after 19 days, approaches the 
natural ratio of 1.52. Correspondingly, the mineral surfaces 
reacted for 2 days show less 29Si uptake than mineral surfaces 
reacted for 19 days. Interestingly, olivine reacted for only 2 
days does have a Si-rich alternation layer on its surface; 
however, very little 29Si is present (mineral 29Si/30Si=1.72, 
aqueous=3.56). This result indicates that the alteration layer 
forms very quickly and not from precipitation of Si from the 
bulk solution, but rather from leaching or a very localized 
dissolution/ precipitation process. Olivine grains reacted for 19 
days have an alteration layer with a 29Si/30Si composition 
slightly greater than the aqueous fluid (mineral =1.88, aqueous 
= 1.54), suggesting that SiO2 precipitation dominates at longer 
times. For the application of sub-surface carbon storage, the 
mechanisms that dominate over longer times are most relevant. 
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Isotopic fractionations in Cr, Se, and U provide new ways 
to learn about sources of these contaminants and the redox 
reactions that control their mobility, and also to track ancient 
redox conditions. These elements are mobile when oxidized 
and insoluble when reduced. Fractionations accompanying Cr, 
Se, and U reduction reactions are fairly well studied and 
somewhat predictable. Oxidation is less well studied and more 
complex; this talk will provide a synthesis of theory, lab 
results, and field measurements. 

Laboratory experiments have measured isotopic 
fractionation when Cr(III)aq, Se(IV)aq, or U(IV)aq is oxidized. 
Several experiments with oxidation of dissolved Cr(III) by 
MnO2 had variable results, with the Cr(VI) product isotopically 
light, unfractionated, or isotopically heavy, depending on the 
form of MnO2 and other variables. Oxidation of U(IV)aq by O2 
produced isotopically light U(VI) in one set of experiments. 
One experiment found no resolvable fractionation for 
oxidation of dissolved Se(IV) by H2O2. These variable results 
reflect inherent complexity with oxidation reactions: Simple 
kinetic isotope effects change the ratios in one direction 
whereas equilibrium isotope effects expressed for one or more 
steps in the overall reaction can have an opposite effect. The 
net result can be highly variable.  

Congruent oxidation of solid phases should produce little 
isotopic fractionation, as solids must be consumed layer by 
layer. This was observed in experiments with oxidation of 
UO2. However, long-term contact between U(VI)aq and solid 
UO2, or between Cr(VI)aq and solid Cr(OH)3, has been 
observedto result in significant isotopic exchange and thus 
shifts toward isotopic equilibrium. This produces heavy Cr(VI) 
or light U(VI). 

Field data for Cr and Se so far have found oxidized, 
dissolved weathering products are isotopically heavier than 
residual solids. Extended contact and isotopic exchange 
between oxidized and reduced phases and/or partial re-
reduction of oxidized weathering products are likely causes. 
These processes do not appear to affect dissolved U in major 
rivers, which so far seems to be unfractionated or isotopically 
heavy relative to average crust. Additional work is needed to 
better understand how the complexity of oxidation-induced 
isotopic fractionation plays out in various natural settings. 
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Understanding the role that oxygen minimum zones 
(OMZs) play in controlling the fixed nitrogen inventory of the 
global ocean relies on a quantitative understanding of fixed N 
sources and sinks in low oxygen waters. Apparent imbalances 
in geochemical nitrogen budgets (1) have spurred numerous 
studies to measure the contributions of heterotrophic and 
autotrophic N2-producing metabolisms (denitrification and 
anammox, respectively)(2, 3). Most recently, ‘cryptic’ sulphur 
cycling was proposed as an important means of water column 
organic carbon oxidation in OMZs (> 30% of carbon 
remineralization) and a source of the reduced nitrogen needed 
to drive anammox (4). The degree to which the cryptic sulphur 
cycle can fuel fixed nitrogen loss in the modern ocean requires 
quantifying sulphur cycling in OMZ settings. Here we provide 
a new constraint for OMZ sulphate reduction based on oxygen 
(18O/16O) and sulphur (33S/32S, 34S/32S) isotopic profiles of 
seawater sulphate through oxygenated open-ocean and OMZ-
bearing water columns. When coupled with observations and 
models of sulphate isotope dynamics and OMZ water mass 
residence time, we predict that sulphur cycling plays only a 
very modest role (< 1%) in OMZ carbon remineralization and 
fixed nitrogen loss from the oceans.  
 
1. L. A. Codispoti (1995) Nature 376, 724-724. 2. P. Lam, et al 
(2009) PNAS, 4752-4757. 3. B. B. Ward et al (2009) Nature 
461, 78-80. 4. D. E. Canfield et al (2010) Science 330, 1375-
1378 
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The concentration of atmospheric oxygen throughout the 
Phanerozoic relates directly to the burial histories of organic 
carbon and pyrite sulfur. Unlike carbon, however, the sulfur 
cycle is less well understood and as such, presents an 
opportunity to further refine these related histories. Through 
the incorporation of minor isotope measurements, particularly 
33S, the extraction of even more information is possible. The 
information collected about the behavior of the sulfur cycle 
can then be parlayed into reconstructions of atmospheric O2 
budgets. Here we present an overview of two philosophically 
different approaches to understanding the Phanerozoic sulfur 
cycle. First, we present a microbial approach, where sulfate 
reduction experiments conducted over a wide range of rates 
serve to define a relationship between isotopic fractionation (in 
34S/32S and 33S/32S) and metabolic rate (1). This can be viewed 
as an attempt to translate environmental variability in seawater 
sulfate and sedimentary sulfide isotope records into changes in 
the rate of sulfate reduction in marine sediments. This allows 
the interrogation of linkages to long timescale changes in the 
availability and extent of organic-rich sea floor. Our parallel 
approach relates to how well defined the Phanerozoic sulfur 
isotope record actually is. Here we present an emerging data 
set on the multiple sulfur isotope composition of seawater 
sulfate that represents a significant step forward in articulating 
this record. Together these approaches will serve to unlock the 
mystery behind the large and highly variable nature of these 
isotope records. Only through this articulation will we come to 
better understand the role of the sulfur cycle in the great 
history of atmospheric oxygen. 
 
[1] W. D. Leavitt et al (2013) PNAS. 
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The biosynthesis of methylmercury has been associated 
with hgcA and hgcB, two genes unique to methylating bacteria 
in anaerobic environments. To date, homologs of these two 
genes have been identified in 72 bacterial species. The genes 
encode a corrinoid protein, HgcA, and a 2[4Fe-4S] ferredoxin, 
HgcB, consistent with roles as a methyl carrier and an electron 
donor required for corrinoid cofactor reduction, respectively. 
However, the role of HgcA and HgcB in the context of carbon 
and energy metabolism of anaerobic bacteria remains unclear. 
Early studies suggested that mercury methylation in sulfate 
reducing bacteria is linked to the reductive acetyl-CoA 
pathway and methyltetrahydrofolate (CH3THF) as a methyl 
donor. Here, we investigate correlations between biochemical 
pathways relevant to carbon and energy metabolism in 
sequenced genomes of known methylators. Furthermore, 
multiple sequence alignments and homology modeling suggest 
an unprecedented coordination of a cysteine thiolate to the Co 
center of the corrinoid cofactor of HgcA. Heterologous 
expression of the cobalamin binding domain (CBD) of HgcA 
using fusion tags was performed to enhance solubility. 
Reconstitution of these fusion constructs with a cobalamin 
cofactor in vitro enables structural characterization by NMR 
and X-ray crystallography. Axial ligand coordination and 
changes in the oxidation state of the corrinoid cofactor are 
reflected in characteristic changes in UV-Vis absorption 
spectra. In concert with computational studies, biophysical and 
structural characterization of HgcA will enable a mechanistic 
description of methylmercury biosynthesis in methylating 
bacteria. 
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The pseudomorphic replacement of Carrara marble by 

hydroxylapatite is a model system to study the influence of 
different fluid pathways for reaction front propagation induced 
by fluid-rock interaction. Grain boundaries present in the rock 
as well as the transient porosity which forms as a result of the 
replacement reaction enable the reaction front to progress into 
the rock as well as to the center of each single grain until 
transformation is complete. Hydrothermal experiments with 
calcite marble cubes using phosphate bearing solutions result 
in its replacement by hydroxylapatite.  

Using H2
18O as a tracer in the phosphate solution, and 

knowing the equilibration rate of 18O/16O with the phosphate 
ions, provides an internal chronometer for the replacement 
reaction, assuming that the 18O in the apatite measured by 
Raman spectroscopy reflects the 18O in the phosphate solution 
at the time of replacement. By measuring the 18O in the apatite 
at various points along the replacement front it is possible to 
estimate and compare the time effectiveness of the different 
fluid pathways in this model system. The results demonstrate 
that the grain boundaries are an effective pathway enabling the 
fluid to penetrate the rock more than one order of magnitude 
faster than through the newly developing porosity, which 
provides pathways towards the center of single calcite grains.  
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Deltaic systems provide some of the principle sections 

where continental erosion patterns can be evaluated allowing 
us to test whether sediment delivery and provenance are 
strongly controlled by the interplay between tectonics and 
climate. Nd isotopes are commonly used as sediment 
provenance proxies but may be susceptible to grain size 
variations in the preserved section. Evaluating εNd for different 
grain size fractions allows assessment of the average 
composition of the source terrains, the provenance of each size 
fraction, and whether the sediment record in the delta can be 
simply interpreted in terms of changing erosion patterns. We 
analysed Nd isotopes from a composite section in the Indus 
delta, splitting the sediment in fractions of <63 µm, 63–125 
µm, and 125–250 µm. 

Sediments show an overall shift to more negative εNd from 
14.7 ka to Present, interpreted to reflect more erosion of the 
older crust in the Lesser Himalaya during the Early Holocene, 
as the summer monsoon strengthened. In this new study we 
note a marked shift to more positive εNd values at 2.7 ka in all 
grain size fractions. Between the Last Glacial Maximum and 
~13 ka, the bulk and <63 µm fraction, and >63 µm fractions, 
shift equally (εNd ±1) toward more negative and positive εNd 
values, respectively. Bulk sediment εNd correlate well with the 
<63 µm fraction, which is expected as bulk sediments were 
predominantly muddy. The coarsest fraction (125–250 µm) is 
consistently offset from the bulk values by εNd around +1 from 
~13 ka to Present, suggestive of more influence from primitive 
sources in the Indus Suture Zone. Discrepancies in εNd values 
can be as much as ±2.46 between grain size fractions and 
typically deviate ±0.351 from bulk sediment εNd.  

While overall trends indicate a compositional shift to 
negative εNd values, or greater erosional flux from the Lesser 
Himalaya through the Holocene, the differences in εNd values 
for different grain size fractions indicate different source 
terrains for those size fractions. The coarse fraction likely 
mostly comes from the Karakoram, not the Himalaya. 
Coarsening or fining of sediment in the delta could generate 
trends unrelated to changing erosion patterns but this effect is 
not dominant in this case. 
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Interferences have always been a problem in a number of 

geological ICP-MS applications. QQQ ICP-MS provides users 
with the ability to remove these interferences while at the same 
time being able to analyze target elements at very low levels. 
Light rare earth oxide interferences on heavy rare earths and 
overlapping isotopes of Hg on those of Pb in the determination 
of Pb isotopic ratios are two common examples. Through 
controlled reaction chemistry and the use of various reactive 
gasses, QQQ ICP-MS provides analysts with the tools to 
overcome these problems. 
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Natural attenuation has been used as a remediation strategy 

at Uranium Mill Tailings Radiation Control Act (UMTRCA) 
Sites throughout the United States. At some of these sites, such 
as the Old Rifle Site in Colorado, uranium plume 
concentrations have not decreased at predicted rates. Accurate 
groundwater uranium predictions are necessary for long-term 
monitoring and evaluation groundwater plumes like Old Rifle.  

Thin lenses of fine-grained, organic-rich sediments have 
been identified at the Ole Rifle Site and are characterized by 
elevated concentrations of organic carbon and trace metals. 
These Naturally Reduced Zones (NRZs) contain one third of 
the sediment organic carbon and up 95% of the total uranium 
in the aquifer. The formation of NRZ sediments and 
subsequent accumulation of uranium is not fully understood 
and is necessary for determining the long-term stability of 
sediment-associated uranium. 

In this study, we simulate the development of NRZ 
sediments in diffusion-limited aggregates to investigate the 
physical and chemical conditions required for NRZ formation. 
Sediment aggregates were inoculated with the natural 
microbial biota from the Rifle aquifer and population dynamics 
monitored by 16S RNA analysis. Effects of sediment particle 
size and concomitant tortuosity in combination with particulate 
organic carbon (POC) loading on Fe, S, and U cycling on 
molecular and nano-scale are investigated with synchrotron-
based extended X-ray absorption fine structure (EXAFS) 
spectroscopy.  

The development of a homogenous reduced zone within 
highly porous, large pore-size sediment aggregates is 
contrasted by heterogeneous development of reduced zone 
within the finest grain sediments suggesting the importance of 
understanding the diffusion-limited system. 2-D X-ray 
elemental mapping of sediment cross sections illustrate the 
association between U, Fe, and S in relationship to POC. 

 The organic-rich NRZs within the aquifer have 
accumulated U and may in turn have become a source of 
uranium to the groundwater contributing to the plume 
persistence at the Old Rifle Site.  
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Green rusts (GRs) are a FeII-FeIII hydroxysalts minerals 

well known as an iron corrosion product on cast-iron water 
pipes, before being discovered in a natural environment in 
hydromorphic soils as fougerite, and in ferruginous lakes [1]. 
GRs play a major role in toxic metals (e.g.: HgII), organic (e.g.: 
chlorinated solvents) and inorganic (e.g.: NO3

-) pollutant 
remediation due to the presence of FeII promoting their 
reducing capability. While the mechanisms on the formation of 
chemically synthesized GRs have already been investigated 
[2], little has been achieved on their formation and their 
reactivity in the environment where bacteria are naturally 
found everywhere. Therefore, GRs are attracting a growing 
interest among the scientific community, in particular as a 
transient mineral formed by iron-reducing bacteria (IRB) [3], 
iron-oxidizing bacteria (IOB) and nitrate-reducing bacteria 
(NRB) via a production of biogenic nitrite [4] (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
However, GRs are metastable and turn into magnetite, a 

more stable FeII-FeIII mineral. But in recent findings we 
demonstrate the stabilization of GRs in the presence of 
biological materials (such as biopolymers) by various 
techniques highlighting microbe/mineral interactions (XRD, 
TEM, SEM, Raman, AFM, Mössbauer), thus explaining their 
occurrence and reactivity in environmental conditions. 
 
[1] Zegeye et al (2012) Geology 40, 599-602 [2] Ruby et al 
(2006) C.R. Geosci. 338, 420-432 [3] Jorand et al (2013) 
Geomicrobiol. J. 30, 600-615 [4] Etique et al (in revision) 
Environ. Sci. Technol. 

 
Figure 1. GRs in the Fe biogeochemical cycle. 
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Performance assessments of nuclear waste disposals 
evidenced 79Se (t1/2 ~ 3.27 × 105 years) to be one of the most 
important contributors to the overall dose in long-time safety 
assessments. The concentration, the bioavailability, the 
mobility, the distribution and the oxidation state of selenium in 
the environment are greatly influenced by the pH, nature of 
mineral sorbent and temperature. Hematite was studied 
because it is a ubiquitous iron oxide mineral present in the 
environment, thus often found in rocks and soils in the vicinity 
of underground repositories. This work combined batch and 
spectroscopic studies to characterize the interaction of Se(VI) 
and Se(IV) with hematite, which was so far not well 
understood. 

At the macroscopic level, sorption of both oxyanions was 
found to decrease with increasing pH. An increase of the ionic 
strength (from 0.01 M to 0.1 M) decreased the sorption of 
Se(VI), while the Se(IV) uptake remained unchanged. 
Electrophoretic mobility measurements revealed that Se(IV) 
sorption shifted the isoelectric point (pHIEP) of hematite to 
lower pH values, while the pHIEP was not significantly 
modified upon Se(VI) uptake. At the molecular level, in situ 
ATR FT-IR and EXAFS measurements revealed the formation 
of inner-sphere complexes (IS) during Se(IV) sorption onto 
hematite. Concerning Se(VI), sorption proceeded 
predominantly via the formation of outer-sphere complexes, 
together with a small fraction of IS complexes.  

High level and long-lived radioactive wastes are well-
known to increase the temperature at the vicinity of the waste 
disposal site. Such a thermal effect raises the question how the 
retention of selenium is influenced at elevated temperatures. 
Therefore, information and insights about mechanisms 
working at higher temperatures (from 25 °C to 60 °C) are also 
provided. 
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This study investigates the major and trace element 
compositions and zircon U-Pb ages (SIMS) of the granitoids 
from the Bundelkhand Craton, Central India, and draws 
conclusions on their petrogenesis, emplacement ages and 
evolution. The Bundelkhand Complex comprises of different 
types of granitoids, amphibolites, calc-silicates and quartzites, 
and forms the basement for linear E-W trending 
metasedimentary and volcanic belts. The secular and 
geochemical diversity of the granitoids in the complex ranges 
from sodium-rich TTGs (3.3-2.5 Ga) to calc alkaline, 
potassium-rich granitoids (2.57-2.52 Ga), which points 
towards a change in the source of granitoids from meta-
basaltic material (TTGs) to variable sources with inputs from 
mantle-derived material and recycled crustal lithologies (calc 
alkaline granitoids). The U-Pb geochronology of the granitoids 
indicate that the evolution of the craton was episodic and 
started already in the Paleoarchean. At 2.57-2.52 Ga, 
Bundelkhand experienced a rapid period of voluminous 
magmatic activity that produced a variety of plutonic rocks 
deriving from enriched mantle (e.g. sanukitoids) as well as 
crustal sources (intracustal granites). In conclusion, the 
Bundelkhand craton grew intensively due to a new type of 
tectono-magmatic event near the Archean-Proterozoic 
boundary and was stabilized by 2.5 Ga. 
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Iron (Fe) minerals play an important role in determining 

the fate and bioavailability of trace elements in natural and 
engineered aquatic systems. Recent work has shown that when 
thermodynamically stable Fe (oxyhydr)oxides (e.g., goethite) 
are exposed to aqueous Fe(II) at circumneutral pHs, they may 
undergo extensive interfacial Fe atom exchange without any 
noticeable changes in the mineral’s structure, texture, or size. 
Prior studies have proposed that Fe atom exchange may be 
driven by a redox gradient existing between aqueous Fe(II) and 
structural Fe(III). Here, we test this hypothesis by examining 
Fe atom exchange between aqueous Fe(II) and siderite 
(FeCO3), a common Fe(II) mineral, using Fe isotope tracer 
experiments. 

We allowed isotopically-normal siderite to equilibrate in 
pH buffer and subsequently spiked in a small amount of 
isotopically-enriched 57Fe(II). After five days, the solid and 
liquid phases were separated and analyzed by multicollector 
inductively coupled plasma mass spectrometery (MC-ICP-MS) 
to determine the aqueous and solid Fe isotopic compositions. 
Our preliminary findings indicate that significant interfacial Fe 
atom exchange occurs, implying that Fe atom exchange can 
take place in the absence of a redox gradient. We are currently 
investigating the influence of this atom exchange process on 
trace metal partitioning. The results of our experiments will 
lead to an increased understanding of trace element cycling in 
reduced environments and may have implications for the 
interpretation of Fe isotopic signatures in rock record. 
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Chesapeake Bay is the largest and one of the most 
biologically productive estuaries in the United States. 
Excessive nutrient input has caused environmental problems 
such as eutrophication in the Bay. Speciation of sedimentary 
phosphorus (P) and phosphate oxygen isotopic composition 
(δ18Op) may provide information about hypoxia related effect 
and attendant biogeochemical changes in the bottom water as 
well in the sediment column. We sequentially extracted 
sedimentary P from lower, middle, and upper sections of Bay 
that covers up to about 60 years of sedimentation history to 
quantify P fractions into loosely sorbed, iron oxides-bound, 
authigenic and detrital P pools and analyzed isotopic 
composition of each P pool. Our results suggest that the 
precipitation as authigenic P was the highest in the middle site. 
The δ18Op values of authigenic P vary mostly within 13.2−14.2 
‰ VSMOW indicating strong indication of P released from 
hydrolysis of organic phosphorus and immediate precipitated 
as authigenic P. Similarly, δ18Op values of iron oxide-bound P 
range between 17.9‰ to 21.1 ‰ VSMOW indicating that this 
P was potentially derived from terrestrial P sources. These 
results provide strong evidence that the hydrolysis of organic P 
is the dominant source of authigenic P precipitation as well as 
potentially refueling eutrophication in the Chesapeake Bay. 
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The end-Triassic mass extinction preferentially affected 

heavily calcified marine animals, suggesting ocean 
acidification was an important kill mechanism. Carbon isotope 
fluctuations across the Triassic-Jurassic boundary and into the 
Lower Jurassic are consistent with input of volcanic CO2 from 
the Central Atlantic Magmatic Province (CAMP) as an 
underlying driver. However, changes in δ13C cannot be 
uniquely attributed to volcanic carbon release, and the ocean 
acidification scenario has yet to be tested using other 
geochemical proxies. Here we present a high-resolution 
calcium isotope record from marine carbonate sediments 
spanning the Triassic-Jurassic boundary in two stratigraphic 
sections from the Lombardy Basin of the southern Alps. We 
observe two decreases of more than 0.3‰ in δ44/40Ca within 
the lowermost Hettangian followed by a steady return to Upper 
Triassic baseline values. Calcium isotope ratios are not 
significantly correlated with the abundance of trace elements 
(Sr, Mg, Mn) or other isotope ratios (δ13C, δ18O), indicating 
that diagenetic or mineralogic control is unlikely. A coupled 
numerical model of global carbon and calcium cycles shows 
that the δ13C and δ44/40Ca records can be interpreted to reflect 
the input of more than 40,000 Gt of carbon during 
emplacement of CAMP and a consequent short-term reduction 
in calcium carbonate burial driven by acidification. 

 
 



 Goldschmidt2014 Abstracts  
 

 

1177 

1177 

Origin of Water in Miarolitic Cavities 
of the Ariskop Phonolite, Namibia 
B. M. JOST1*, F. KOLLER2, N. VOGEL1, P. ULMER1  

AND T. DRIESNER1 
1Institute of Geochemistry and Petrology, ETH Zurich, 

Clausiusstrasse 25, 8092 Zurich, Switzerland 
(*correspondence: benjamin.jost@erdw.ethz.ch) 

2Department of Lithospheric Research, University of Vienna, 
Althanstraße 14, 1090 Vienna, Austria 
 
Paleogene phonolites exposed near the village of Aris, 

central Namibia, are unique in that they contain macroscopic 
amounts of free water trapped in miarolitic cavities within the 
rock. 

Strongly deformed schlieren associated with spherical (i.e. 
undeformed) cavities imply that bubble nucleation and growth 
occurred after emplacement of the phonolite. Elongated and 
aligned cavities suggest that late-stage differential shear was 
focused into localized zones. 

The cavities are surrounded by white-coloured alteration 
halos that contain larger, more euhedral aegirine and sanidine 
crystals than the greenish-grey phonolitic groundmass. 
Natrolite after nepheline is the commonest replacement 
reaction observed in the halos (2NaAlSiO4 + SiO2(aq) + 2H2O 
= Na2Al2Si3O10·2H2O). Water and SiO2 are supplied from 
within the cavities, as the replacement decreases with 
increasing distance from the cavity. The replacement involves 
a 30% volume increase, reducing the rock’s permeability and 
trapping the water within the cavities. 

The occurrence of water-soluble minerals (villiaumite, 
makatite) in the cavities suggests the exsolution from the 
parental magma of: (1) a solute-rich aqueous fluid, (2) a 
hydrous sodium silicate melt, and (3) a sodium fluoride salt 
melt or brine. Noble gas analyses of the trapped water, 
however, show it to be a mixture of air-saturated water and a 
crustal component. Three models are proposed: (1) the water in 
the parental magma was meteoric ab initio; (2) the noble gas 
signature originates from boiling groundwater beneath the sill; 
(3) the percolation of meteoric water through the sill between 
its intrusion and final solidification. All models and the 
strongly radiogenic 3He/4He ratios in the cavities imply that the 
water is trapped since the emplacement and solidification of 
the Ariskop phonolite sill (i.e. ~32 Ma [1]). 

 
[1] Burger & Walraven (1976) Annals Geol. Surv. S. Afr. 11, 
323–329 
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We present unprecedented data of real-time measurements 

of concentration and isotope (δ13C) composition of CO2 in air 
and in fumarolic-plume gases collected at Mt. Etna volcano. 
Two campaigns of measurements were performed on 11 July 
and on 5-6 September 2013, by using a Thermo Scientific 
Delta Ray™ Isotope Ratio Infrared Spectrometer (IRIS). With 
the assumption of a two components mixing, a simple linear 
regression was applied to the data in order to obtain the 
volcanogenic δ13C. 

Data acquired along the route Catania–Etna, while the car 
was moving, showed an excess of 13C-depleted CO2 when 
passing through populated centers due to atmospheric pollution 
produced by car exhaust. Fumaroles of Torre del Filosofo 
(2,900 m a.s.l.) displayed a δ13C between -3.2±0.03‰ and -
3.7±0.05‰ comparable to IRMS measurements of discrete 
samples collected on the same date and in previous 
investigations. Diluted plume gases were collected at more 
than 1 km from the craters and showed δ13C=-2.2±0.2‰ in 
agreement with crater fumaroles gases collected and analyzed 
by IRMS. 

Considering the large amount of data that may be acquired 
in a very short time by Delta Ray IRIS, we demonstrate that 
the addition of ∼100 ppm of CO2 from an unknown source to 
the atmospheric CO2 background is enough to allow a 
mathematical calculation of the endmember with an 
uncertainty generally <0.15‰. This is achievable with the 
assumption of binary mixing. We thus postulate that the 
demonstration performed at Mt. Etna may represent a 
historical step forward for the scientific community in volcanic 
surveillance. 
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Submicron refractory metal nuggets (RMNs) composed of 

Os-W-Ir-Mo-Ru-Pt-Fe-Ni were found in oxide- and silicate-
rich refractory objects (2 – 15 µm) from comet Wild 2 and a 
cluster interplanetary dust particle (IDP) of probable cometary 
origin. The RMNs occur in a calcium-aluminum-rich inclusion 
(CAI) (spinel+melilite+An97-100+ diopside/fassaite), an Al-rich 
chondrule (spinel+An94-96+diopside) and an amoeboid olivine 
aggregate (AOA) (Fo88-94+An98+diopside) [1] and may have 
originated as condensates in the solar nebula. Like counterpart 
RMNs in CAIs from chondrites, the refractory metal grains 
have variable composition from nugget to nugget [2,3], 
however, the RMNs in the comet samples are generally richer 
in Fe and Ni and have lower abundances of the most refractory 
elements. This suggests that the RMNs from the comet 
samples formed at the lower temperature end of the ~1450 – 
1620 K temperature range where most RMNs likely condensed 
[2]. 

In chondrites, RMNs are believed to be the first 
condensates from a cooling gas of solar composition at P = 10-4 
bar [4]. Most are found in CAI minerals, principally spinels, 
although RMNs have also been observed in hibonite, melilite 
and forsterite [4,5,6] as well as presolar graphites [7]. In the 
Paris meteorite, the least altered CM chondrite, the highest 
temperature RMN compositions correlate with the highest 
temperature host phases [6]. The observed comet RMNs are 
the lower temperature alloys and reside largely in anorthite, a 
late-stage refractory mineral (In the AOA, RMNs are in 
forsterite or diopside.). In general, the mineralogy and bulk 
compositions of the oxide/silicate host grains from the comet 
samples are most consistent with more evolved, lower 
temperature refractory nebular materials [1]. It appears the 
observed RMNs and host phases that were incorporated into 
comets were derived from environments in the nebula that did 
not preserve the highest temperature refractory materials. 
 
[1] Joswiak and Brownlee (2014), 45th LPSC abstract #2282 
[2] Berg et al (2009), ApJ 702, L172-L176 [3] Liffman et al 
(2012), Icarus 221, 89-105 [4] Palme and Wlotzka (1976) 
EPSL 33, 45-60 [5] Harries et al (2012), MAPS 47, 2148-2149 
[6] Hewins et al (2014), GCA 124, 190-222 [7] Croat et al 
(2013), MAPS 48, 686-699 
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Dissolved trace elements (TEs) were studied in Louisiana 

Shelf waters including the Mississippi (MR) and Atchafalaya 
(AR) River plumes during May and November 2008, and 
June/July 2009, representing high, low and mid-range river 
discharges, respectively. The dissolved (< 0.02 µm) form was 
dominant for Co and Mn, whereas considerable colloidal 
(0.02-0.45 µm) Fe and Cr were found at low salinity.  

Surface distributions of these TEs showed either low-mid 
salinity removal (Cr, Fe, Mn) or addition at mid-high salinity 
(Co, Fe, Mn) which varied seasonally. Based on mixing 
experiments, nutrient and chlorophyll distributions, and 
surface-bottom concentration contrasts, the non-conservative 
behavior of these TEs was variously related to colloidal 
flocculation (Fe, Cr), biological activity (Fe, Mn), desorption 
(Co, Mn), photochemistry (Cr) and vertical mixing (Co, Cr, Fe, 
Mn). Different distributions of TEs were observed in the low-
salinity mixing zones of the MR and AR plumes. Additional 
inputs from the Red River and wetland waters in the AR Basin 
derives different river concentrations of TEs, and the different 
biogeochemical characteristics may have led to different TEs 
distributions between the two river plumes.  

Bottom water concentrations of Co, Fe and Mn were 2 to 
10-fold higher during hypoxia season than other times, and 
these elements were negatively correlated with dissolved 
oxygen (DO), suggestive of particulate or sedimentary 
dissolution and/or diffusion under reducing conditions. At the 
same time, bottom water Cr showed removal at low DO, 
probably due to diffusive or adsorptive removal as a result of 
Cr reduction. Particularly during bottom water hypoxia, we 
observed an increase of Co, Fe and Mn in some surface waters, 
probably due to episodic vertical mixing associated with 
upwelling favorable summer winds in shallow shelf areas.  

Our findings suggest that vertical mixing could be an 
important mechanism for supplying the TEs to surface waters 
even when water column stratification is strong. Additionally, 
the AR influence on shelf trace element distributions needs to 
be be accounted for in studies of Louisiana Shelf 
biogeochemistry. 
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Background The Apollo 12 (A12) landing site sampled 
lunar mare basalt lava flows in Oceanus Procellarum. Most of 
these lavas are ~3.1-3.2 Ga [1]. We examined small fragments 
(<1 cm, typically <2 mm) of A12 soil to (i) characterise the 
relationship between the surficial regolith and underlying local 
lava flows, (ii) better understand the magmatic origins of these 
lavas and the chemical diversity of the lunar interior, and (iii) 
identify and characterise any fragments that are exotic to the 
A12 landing site, which may originate from previously 
unsampled lava flows.  

Methods Regolith particles from soil samples 12003,308 
and 12023,155 were divided into two portions. One half of 
each chip was petrographically examined [2-4]. The other 
portion was analysed using laser step heating and the MS1 or a 
Thermo Argus VI MC noble gas mass spectrometer at the 
University of Manchester. We validated our approach using 
chips of previously well studied hand specimen sized mare 
basalts (12022, 12038). 

Results Our argon isotope age spectra and apparent ages 
of 12022 and 12038 mare basalt samples are similar to that 
measured by other labs, and ages measured by other isotopic 
systems. Twenty two regolith particles have been studied: of 
these, 1 is a granulitic breccia; 2 are lithic (fragmental) 
breccias; 18 are sourced from olivine, pigeonite, or ilmenite 
lava flows, which are typical of the local Apollo 12 region; and 
2 are sourced from a feldspathic lava flow. Argon isotopes are 
variable from chip to chip: (a) The granulite has a corrected 
40Ar/39Ar age of ~4.083±0.029 Ga (2σ weighted mean) [4]. (b) 
The fragmental breccias have corrected argon-release dates of 
~3.299±0.016 Ga (2σ) and 2.96±0.64 Ga (2σ), where the 
younger sample has more implanted solar wind than the older 
one [4]. (c) The basaltic chips have variable impact shock 
disturbance histories, solar wind exposure, and corrected ages 
that mostly cluster around 3.1-3.33 Ga, consistent with the 
eruption ages of A12 lava flows. 
 
[1] Snyder et al (2007) GCA 61, 2731-2737 [2] Alexander et al 
(In Press) MAPS [3] Snape et al (In Press) MAPS [4] Snape et 
al (2014) LPSC XLV, #1974(Abstr). 
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Naturally occurring asbestos (NOA) occurs in rocks and 
soils as a result of natural geological processes. NOA in S. 
Korea has been reported mostly on metamorphic ultramafic-
mafic originated rocks. Inspite of wide distribution of 
carbonate rocks in S. Korea, few researches focused on NOA 
derived from metamorphic of carbonate rocks. The purpose of 
this study was to investigate mineralogical characteristics of 
NOA occurring in carbonate rocks in Jecheon, Chungbuk, S. 
Korea.  

In Jecheon, fibrous minerals mainly occurs in areas where 
Precambrian carbonate metasedimentary rocks are dominant. 
20 rock samples were taken from the hydrothermally altered 
carbonate rocks using target sampling method. XRD and PLM 
analyses were used to examine the mineral assemblages and 
mineralogical characteristics of the rock samples, respectively. 
SEM/TEM-EDS analyses were used for the morphological and 
chemical characteristics. 

XRD and PLM analyses showed that most rocks from the 
site contained tremolite and actinolite. Mineral assemblages 
were dolomite-tremolite-vemiculite-talc-diopside dominant in 
asbestiform minerals and lime silicate-actinolite-vermiculite-
talc-diopside dominant in non-asbestiform minerals. SEM and 
TEM images of asbestos minerals showed fibrous crystals in a 
bundle and needle shape in tremolite and prismatic forms in 
actinolite. EDS analysis indicated that asbestos minerals are 
composed of Ca, Mg, Fe, Si and O in common. The ratio of 
Fe/(Mg+Fe) could be differentiated between tremolite (more 
than 10%) and actinolite (less than 10%). 

XRD, PLM, SEM/TEM-EDS analyses suggested that the 
asbestiform tremolite and non-asbestiform actinolite occurred 
along the hydrothermally altered metamorphic zones of 
carbonate rocks. Natural weathering and human activities may 
disturb the NOA-bearing rock or soil and release mineral fibers 
into the air, which pose a greater potential for human exposure 
by inhalation. 
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Theoretical investigations using density functional theory 

(DFT) were carried out in conjunction with experimental 
studies to investigate the interaction between oxidized Hg and 
hematite (α-Fe2O3), an important mineral component of fly 
ash. The experimental study designed to simulate Hg sorption 
in a coal-fired power plant flue gas system, involved the 
exposure of the fine fraction of bituminous coal fly ash (≤ 0.1 
μm) to methane combustion flue gas, supplemented with SO2, 
NOx, HCl, and Hg in a packed-bed reactor. Sorption reaction 
products were characterized by synchrotron-based x-ray 
fluorescence mapping (s-XRF) and x-ray diffraction (XRD). 
Preliminary s-XRF results showed that Hg in the sample is 
correlated with Fe, S, Cl, Br, and to a lesser extent with Se and 
As. From the XRD analysis, the dominant mineral phases 
detected were quartz, hematite, and various sulfate-bearing 
cements. 

Based on the experimental results, DFT studies were 
carried out to investigate the adsorption of oxidized Hg on the 
α-Fe2O3(1-102) surface, which shows high stablility in the 
temperature range of flue gases from ab initio 
thermodynamics. All DFT calculations were carried out with 
the VASP (Vienna Ab initio Simulation Package) code. The 
two α-Fe2O3(1-102) surface terminations are: (1) M2-clean, 
which corresponds to the oxygen-terminated r-cut surface with 
the first layer of cations removed and with no surface hydroxyl 
groups and (2) M2-OH2-OH, which has bi-hydroxylated top 
oxygen atoms and a second layer of hydroxylated oxygen 
atoms. The most probable adsorption sites of Hg, Cl, HgCl and 
HgCl2 on the two α-Fe2O3 surface terminations were suggested 
based on calculated adsorption energies. Additionally, Bader 
charge and projected density of states (PDOS) analyses were 
conducted to characterize the oxidation state of adsorbates and 
their bonding interactions with the surfaces. Preliminary results 
indicate that oxidized Hg physically adsorbs on the M2-clean 
surface with a binding energy of -0.103 eV. Chlorine added to 
the Hg-adsorbed surface enhances Hg adsorption, which is 
evidenced by a shorter Hg-surface interaction distance 
compared to a surface with singly bound Hg. Bader charge and 
PDOS analyses suggest that a slight charge transfer and 
bonding interaction occurs during adsorption in spite of the 
weak binding energy. 
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Oxygen isotope data from mid-Turonian (~91.2 Ma) black 
shales at Demerara Rise (ODP Site 1259) may indicate a 
transient ~200 ka glaciation during the Cretaceous greenhouse 
[1]. Here we evaluate marine nitrogen cycle dynamics during 
the purported glaciation, to test for linkages that have been 
established for Pleistocene glacial/interglacial cycles. New N-
isotope measurements from Site 1259A reveal δ15N values that 
range from +0.2‰ to -3.5‰. 15N-depletion is typical of 
Cretaceous black shales at Demerara Rise [2] and consistent 
with a nitrogen-fixation source for nutrient nitrogen, and 
upwelling and isotopic partitioning of ammonium from a 
shallow chemocline [3]. To provide a temporal framework for 
the δ15N data, an astronomical timescale was developed using 
the average spectral misfit method and frequency domain 
minimal tuning [4]. Astronomically tuned wt.% CaCO3 and 
wt.% TOC data reveal a dominant ~400 ka cycle, while the 
δ15N data has a strong ~100 ka cycle and little variance at ~400 
ka. The highest δ15N values, and the largest amplitude ~100 ka 
cycles, are found within putative glacial interval. The δ15N 
maxima are readily explained by enhanced oxygen minimum 
zone ventilation during times of cooling as indicated by TEX86 
paleotemperatures. Applying the late Pleistocene model for the 
marine nitrogen cycle, denitrification was reduced during 
glacial times due to enhanced oxygen solubility and stronger 
thermocline ventilation [5]. The N-cycle response in the 
anoxic/euxinic Demerara Rise water column is opposite to that 
found during the Pleistocene, because advection of oxygen and 
ventilation promote, rather than inhibit, denitrification and 
isotopic partitioning of ammonium. The persistence of a ~100 
ka δ15N cycle prior to and following the proposed glaciation 
event suggests that ice sheet linked climate dynamics may be 
more important than previously recognized in modulating 
biogeochemistry and basinal hydrography during the Turonian 
greenhouse. 

 
[1] Bornemann et al (2008) Science, 319 189-192 [2] Junium 
& Arthur, (2007) G3, 8 1-18 [3] Higgins et al (2012) PNAS, 
109 2269-2274 [4] Meyers (2012) Paleocean. 27 [5] Galbraith 
et al (2004) Paleocean. 19 
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Since the first use of the triple oxygen isotope approach to 

constrain oceanic productivity 15 years ago, the method has 
been applied from pole to pole in nearly every ocean regime. 
Various studies have yielded estimates of gross photosynthetic 
O2 production at basin scales and have allowed identifiaction 
of productivity fronts that were previously uncharacterized. 
Repeat measurements made at fixed locations have offered 
insights into relationships with traditional, incubation-based 
productivity rates, and have helped to identify potential biases 
in the triple oxygen isotope as well as incubation-based 
approaches. Laboratory experiments and newly reformulated 
equations for calculating gross O2 production from oxygen 
isotope measurements have eliminated some of the sensitivities 
to choice of mass dependent fractionation slope, and δ17O and 
δ18O of photosynthetically produced O2. Emerging from this 
body of work, several challenges remain: 1) adequate 
characterization of physical biases; 2) adequate 
characterization of non steady-state processes; 3) evaluation of 
the plasticity of gross photosynthetic O2 production to net 
primary production ratio. Improvements in the above areas will 
significantly reduce some of the largest remaining 
uncertainties in the application of the triple oxygen isotope 
apporach, and will allow more robust use of the data for 
calibration of satellite productivity algorithms, and hence, 
constraint of global ocean productivity.  
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Metallic silver nanoparticles (Ag-NP) are used as 

antimicrobial agents due to the well-known antimicrobial 
properties of Ag+. To assess potential effects of Ag-NP on the 
biology of wastewater treatment plants (WWTP) and on 
downstream surface water ecology, the transformations of Ag-
NP along their transport in the sewer system, in the WWTP 
and in urban surface waters have to be addressed. Important 
transformation reactions in urban wastewater systems include 
the sulfidation of Ag-NP which dramatically reduces the toxic 
response due to the limited solubility of the Ag2S. However, it 
has been demonstrated that partially sulfidized Ag-NP can still 
have adverse effects on ecosystems. Therefore, the kinetics of 
Ag-NP sulfidation should be considered. 

We performed lab-scale, pilot-scale and full-scale 
experiments in sewer systems and WWTP with Ag-NP and 
AgCl-NP with different sizes (10 nm, 100 nm) and different 
coatings (citrate, PVP). In laboratory experiments, Ag-NP 
were reacted with CuS and ZnS representing the most relevant 
metal sulfides present in urban waste- and surface waters, to 
simulate conditions in oxic aqueous environments where free 
sulfides are quickly oxidized. Solution and solid-phase samples 
were analyzed by a combination of bulk elemental, particle-
specific and element-specific methods, including electron 
microscopy and X-ray absorption spectroscopy. Results 
indicate partial sulfidation of the Ag-NP and complete 
sulfidation of AgCl-NP during transport in sewer systems. The 
sulfidation continues in WWTP, primarily during anaerobic 
stages. Due to the formation of heteroaggregates with the 
sludge biomass, transformed Ag-NP are efficiently removed 
from the wastewater stream and concentrated in the sewage 
sludge. Kinetic sulfidation experiments show that the 
sulfidation of Ag-NP is possible under oxic conditions in the 
presence of metal sulfides. The transformation rates increase 
with decreasing Ag-NP size and increasing metal sulfide 
concentrations. Based on these experiments it is concluded that 
Ag-NP will completely transform into Ag2S within a period of 
a few hours – days also in the absence of free sulfide. 
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Superdeep diamonds originating from the mantle transition 
zone and the lower mantle were found from alluvial deposits of 
Sao-Luis river (Juina, Brazil). We investigated carbon isotopic 
variations and chemical compositions of nano-inclusions in the 
superdeep diamonds which can give a clue for the growth 
condition. 

We found syngenetic inclusions of superdeep paragenesis 
from 59 diamond samples from Sao-Luis. Our SIMS analysis 
showed the wide variations of carbon isotopic compositions 
ranging from 2.7 to -25.3 ‰ in δ13C. The diamonds with 
inclusions of ferropericlase have a very narrow δ13C values in 
the range from -2.1 to -7.7 ‰ which is close to the “normal” 
mantle values. From this observation, it may be suggested that 
their formation may proceed from isotopically homogeneous 
mantle reservoir. δ13C values of diamonds with inclusions of 
majoritic garnet, CaSi-perovskite and CaSiTi-perovskite show 
marked differences from the expected “normal” mantle values. 
Low δ13C values from -10 to 25 ‰ have been observed 
exclusively in a series of superdeep diamonds containing 
calcic-majorite garnets, Ca-silicates, aluminous silicates and 
SiO2 inclusions. The carbon isotope measurements in core–rim 
traverses within some individual crystals varied substantially, 
indicating the multi-stage growth histories. It therefore appears 
that the cores and rims of the Sao-Luis diamonds precipitated 
from different fluids/melts under different growth conditions.  

Nanometer-sized inclusions were found in sevearal 
samples. TEM observation revealed that the nano-inclusions 
have a negative cystal shape suggesting the syngenetic origin 
directly related to the diamond growth. Chemical composition 
obtained from synchrotron X-ray fluoresncence analysis 
clarified that the nano-inclusions contain S, Cr, Mn, Fe, Co, 
Ni, Cu Zn, and so on. The present study suggests that the 
growth media of the superdeep diamonds are composed of 
sufilde melt. 
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Much of our understanding of the oxygenation history of 

the Precambrian atmosphere and oceans has derived from 
analysis of S-isotopes in the marine system. Traditional 
modelling of S-isotopes has emphasized a single-reservoir 
model, in which the composition of the marine sulfate 
reservoir depends only on the magnitude and isotopic 
composition of input fluxes and output fluxes. Later use of a 
time-dependent variation of this single box model highlighted 
the effect of reservoir size on rapidity of isotopic variation, 
wherein small reservoir size facilitates more rapid changes in 
in the isotopic composition of the marine sulfate reservoir.  

Utilization of this time-dependent approach has been 
powerful, yet has specific limitations when it comes to 
interpreting the evolution of the marine sulfur cycle. 
Specifically, an inherent assumption in this model is that 
bacterially reduced HS− is either extracted by reaction with 
available iron (as in an anoxic water column) or immediately 
reoxidized, through a range of intermediate sulfur phases, to 
sulfate (as in a well-ventilated water column).  

Unfortunately, through much of the Proterozoic, and into 
the early Paleozoic, independent Fe speciation data suggests 
the presence of persistent marine euxinia, which indicates that 
Fe2+ was at least locally insufficient to strip the water column 
of bacterially produced HS−. Such a scenario demands 
modelling the marine sulfur cycle as a dual-reservoir system, 
wherein marine SO4

2– and HS− are treated as distinct, reactive 
reservoirs, with thier own input and output fluxes that affect 
both the behavior of the individual reservoirs as well as the 
degree of linkage between them. In this case, the isotopic 
composition of marine sulfate is affected directly by the 
magnitude and isotopic composition of traditional input and 
output fluxes that act over long time scales, as well as a suite 
of transitory input and output fluxes, including bacterial sulfate 
reduction and a combination of chemical and biological sulfide 
oxidation. The composition of marine sulfate will be 
influenced directly by the magnitude and isotopic composition 
of pyrite burial only when the transitory fluxes between the 
two reservoirs are in equilibrium.  

Here we define, for the Proterozoic and early Paleozoic, a 
suite of critical environmental parameters involved in 
construction of S-isotope datasets, and highlight the predicable 
consequences of dual-reservoir modelling.  
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Selective stabilization of ribose is required among various 

sugars, in order to synthesize a basic unit of RNA (i.e., AMP). 
Recent study demonstrated that borate stabilized ribose 
selectively, and suggested the importance of borate-rich 
environments for prebiotic RNA genesis (1). On the other 
hand, it has been uncertain if borate-rich environments were 
present on the ancient Earth. Here I report the discovery of 
boron-rich rocks in the >3.7 billion years old Isua Supracrustal 
Belt of western Greenland. REE patterns and Al-rich 
characteristics of examined rocks indicate their marine 
sediment origin. These rocks belong most likely to the 
metasediment unit, which contain biogenic graphite (2). 
Abundant tourmaline crystals (feruvite in chemical 
composition) were found in the examined rocks. Some 
tourmaline occur as inclusions in garnet and some are 
associated with biotite. Such mineralogical occurrence 
suggests that the precursor of tourmaline was present well 
before metamorphism. Thus, pre-metamorphic Isua marine 
sediments were rich in borates and sedimentary clays were 
responsible to concentrate borates from ocean. This leads to a 
possibility that prebiotic RNA could be formed in Hadean 
marine sediments, which had abundant clays, borates, and 
prebiotic organic matter. This model is consistent with the 
previously proposed chemical evolution model based on clay-
rich marine environments (3). 
 
(1) Furukawa et al (2014) OLEB on line; (2) Ohtomo et al 
(2014) Nature Geoscience vol.7, 25-28 (3) Joshi et al (2009) 
JACS, vol.131,13369-13374 
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The Kapelka silver-gold prospect is located in the Western 
Chukchi Peninsula, Russia. The mineralization is hosted by 
Upper Cretaceous volcanic and volcanic-sedimentary rocks of 
the Okhotsk-Chukchi Volcanic Belt and related to NE and 
NNE trending fault system.  

The structure of the soil anomalies is distinguished as 
extended high-grade zone stretching over 7 km, having area of 
more than 10 sq km. Maximum silver concentration reaches 
100 ppm. Abnormal concentration of Pb, Zn, Cu, As, Au are 
determinated in soils. Selective assaying fitted silver 
concentration in ores up to 1.5 % (Pb –12%, Cu – 2.2%, Zn – 
0.8%, Au – 27 ppm, As - >1%). The LS mineralization is 
predominant at the Kapelka prospect. Orebodies occures as 
stockwork and veinlet systems and surrounded by quartzite, 
argillic and propylitic rock. The temperature of formation of 
propylitic and argillic rocks estimated from thermometer of 
Cathelineau [1] is 330-365 and 110-300°С, respectively. 
Gangue minerals are quartz, adularia, sericite, chlorite, epidote, 
carbonate, fluorite and montmorillonite. Ore minerals are 
pyrite-arsenopyrite, base metal (galena, sphalerite, 
chalcopyrite, bornite) and gold-silver-sulfosalts (electrum, 
polybasite, pearceite, acanthite and tetrahedrite-tennantite) 
assemblages. Native silver, acanthite, anilite, brochantite, 
anglesite, cerussite, malachite, azurite and wulfenite are 
supergeneous. The fineness of gold ranges from 614 to 493.  

Primary inclusions in ore quartz are mainly mixed 
aqueous-gaseous. The size of inclusions ranges from 1 µm to 
20 µm. Complete homogenization of fluid inclusions in quartz 
occurs at temperatures from 167 to 353º C, and the salt 
concentration is from 0.2 to 1.4 wt. % NaCl equiv. Fluid 
density varies from 0.58 to 0.91 g/cm3. Pressure specified for 
the seething fluid at the temperature of 353º C was 16MPa, 
suggesting that mineralization was formed at the depth of 0.6 
km. 

This project is supported by the Ministry of Education and 
Science of the Russian Federation (Agreement # 8773).  

 
[1] Cathelineau (1988) Clay Miner. 23, 471-485 
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Two new orthorhombic oxides were identified as 

inclusions in diamond in association with iron carbide and 
ferropericlase. The first one is Mg-Cr-Fe oxide 
(Mg0.90Mn0.18)1.08(Cr1.37Fe3+

0.39V0.11Al0.05)1.92O4 (mg = 0.670). It 
is a chemical analogue to magnesian chrome spinel with an 
orthorhombic structure (a0 = 1.0654 nm; b0 = 0.9401 nm; c0 = 
0.2907 nm), similar to the CT phase obtained in experiments 
under pressure conditions above 20 GPa [1]. In natural 
environment, a similar mineral with an ideal formula FeCr2O4 
was identified in the Suizhou meteorite, China and called as 
xieite [2]. Our mineral may be called as magnesian xieite. The 
second new mineral is Ca-Cr oxide 
(Ca1.07Mg0.02Mn0.02)1.11(Cr1.71Fe3+

0.06V0.06Ti0.03Al0.03)1.89O4 (mg = 
0.290). It also has an orthorhombic structure (a0 = 1.0170 nm; 
b0 = 0.9017 nm; c0 = 0.2874 nm), similar to synthetic β-
CaCr2O4. It has never been observed in the natural 
environment before. Some other new minerals, found as 
inclusions in the same diamond, have orthorhombic structure 
as well, such as iron silocarbide Fe5SiC, comprising some 
grains in the iron carbide aggregate. Some grains of high-Mg 
ferropericlase may also be suggested orthorhombic, according 
to the diffractometry of the pure MgO grain, found in 
association with fluoride KMgF3. Low-energy orthorhombic 
polymorphs, although of much lower density than the ones 
with a cubic rock-salt structure, are lower in enthalpy and may 
be energetically preferable [3].  
 
[1] Chen et al (2003) PNAS 100, 14651–14654 [2] Chen et al 
(2008) Chin. Sci. Bull. 53, 3341-3345 [3] Zwijnenburg & 
Bromley (2011) Phys. Rev. B 83, 24104-24109 
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Introduction 
The hydrocarbon and coal bearing Godavari Basin, 

situated on the eastern part of India and sandwiched between 
two prominent cratons (Bastar and Dharwar), has intimate 
relationship with the continental break-up and formation of 
east coast of India. It cuts across the Protrozoic Eastern Ghat 
Mobile Belt (EGMB), running along the eastern margin. The 
southern part of this basin is continuously exploited for the 
clay, coal and hydrocarbon deposits. Inspite of its importance, 
the nature of sedimentation and its provenance remain a 
subject of intense debate.  
Significant Results 

In the present study, we make a detailed geochemical 
analysis of the entire Phanerozoic sequences of the clay/shale 
formations from representative stratigraphic horizons viz., 
Barakar, Raghavapuram and Rajahmundry, to understand the 
provenance and depositional environment based on relatively 
immobile major, trace and REE systematics. Computed 
Al2O3/TiO2 ratio for the Barakar (Paleozoic), Raghavapuram 
(Mesozoic) and Rajahmundry (Cenozoic) formations varies 
respectively from 13-16, 11-22 and 13-22, which falls in the 
range of charnockites (17.78) and granulites (12.34) of the 
EGMB. Similarly, for such formations, La/Th ratios are found 
to be 2.85, 3.42, and 3.40 and La/Sc, 3.87, 3.67-5.22 and 4.32 
respectively. This suggests that the sediments of Godavari 
Basin may have been derived directly from the denudation of 
EGMB as well as the adjacent Dharwar schist belt and 
granitic-gneissic terrain, indicating a mixed mode of 
sedimentation. 
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Neutron imaging has been used for quantitative analysis of 
fluids in many applications such as fuel cells, roots of plants, 
and various porous media. Neutrons are ideally suited for the 
investigation of fluid (e.g., water, CO2, brine) movement in 
natural and engineered porous media because they are strongly 
attenuated by hydrogen and relatively insensitive to other 
elements. In water-rich samples, however, there is also a 
greater probability for neutron scattering, which leads to 
additional noise in the detector. Imaging water-rich or thick 
samples using a polychromatic beam can also result in artifacts 
due to beam hardening. These effects cause deviations from 
the Beer-Lambert Law when quantifying fluid content. 
Empirical calibrations have successfully accounted for beam 
hardening and scattering effects in partially-saturated sand and 
sandstone samples at the High Flux Isotope Reactor (HFIR) 
imaging facility, Oak Ridge National Laboratory. We are 
utilizing this empirical calibration method combined with 
neutron tomography for mapping the three-dimensional 
distribution of multiphase fluid content in porous media at the 
McClellan Nuclear Research Center (MNRC), University of 
California, Davis. Fluid contents derived by this empirical 
calibration will be compared with neutron tomography data to 
provide constraints on the structure of porous media and three-
dimensional spatial distribution of fluids. We aim to better 
understand the distribution and migration of multiphase fluid 
in geological formations (e.g., soil, evaporite, clastic and 
fractured formations) where pore geometry and connectivity 
are sensitive to moisture content, fluid composition, 
temperature, and lithostatic pressure – issues critically 
important in, for example, hydrocarbon recovery, carbon 
sequestration, and disposal of spent nuclear fuels and high-
level waste in a geological repository. 
 



 Goldschmidt2014 Abstracts  
 

 

1194 

1194 

Mineralogy and geochemistry of 
Rhodolith from Wu do, Jeju, S. Korea 

SERKU KANG1, SANGTAE KIM2 AND YUL ROH1 
1Chonnam National University, Gwangju, Korea 

rohy@jnu.ac.kr 
2McMaster University, Hamilton, Canada 

sangtae@mcmaster.ca 
 

The formation of carbonate minerals by biological 
processes may play an important role in carbon and metal 
geochemistry in natural environments. This study focused on 
investigation of mineralogical and biogeochemical 
characteristics of rhodoliths and examination of rhodolith 
formation whether they were formed by chemical or biological 
processes. 

The rhodoliths and seawater were sampled at Seogwang-ri 
beach in the western part of Wu do, Jeju, Korea. The chemical 
compositions and pHs of seawater were measured by ICP-AES 
and pH meter. Microorganisms, Wu Do-1, enriched from 
rhodoliths were aerobically cultured at 25℃ in D-1 media and 
Wu Do-1 were analyzed by 16S rRNA gene DGGE analysis to 
confirm microbial diversity. Mineralogical characteristics of 
rhodoliths and precipitates formed by Wu Do-1 were 
determined by XRF, XRD, and SEM-EDS analyses. The stable 
isotope analysis was conducted to infer forming conditions of 
the rodoliths. 

 The seawater had a range of pH 6 to 7, and consisted of 
approximately 400 mg/L of Ca2+ and 1,200 mg/L of Mg2+ 
which are low saturation index to form carbonate minerals by 
chemical process. XRF and XRD analyses showed the 
rhodoliths mainly consisted of 46% CaO and 5 % MgO and 
mineralogy is Mg-rich calcite (MxCa1-xCO3). A 16S rRNA 
sequence analysis showed Wu Do-1 contained a carbonate 
forming microorganisms, Proteus mirabilis. Wu Do-1 
precipitated carbonate minerals using D-1 media containing 
Ca- and Mg-acetate and mineralogy of the precipitated 
carbonate mineral was Mg-rich calcite. SEM-EDS analyses 
showed that the Mg-rich calcite formed by Wu Do-1 had a 
rhombohedron shape. And the Mg-rich calcite consisted of Ca, 
Si and Mg with EPS. The stable isotope analysis indicated that 
rhodoliths were composed of lighter 13C and heavier 18O which 
may strongly suggest initiative microbial roles for formation of 
carbonate minerals. 

These results indicate that the rhodoliths at Seogwang-ri 
beach could be formed biologically and Wu Do-1 induce 
precipitation of Mg-rich calcite on the cell walls and EPS via 
the accumulation of Ca and/or Mg ions on the cells. This study 
indicates that microbial precipitation of carbonate minerals 
may play one of important roles in metal and carbon 
biogeochemistry as well as carbon sequestration in natural 
environments. 
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The two most important redox states of iron in the 

environment are Fe(II) [ferrous iron] and Fe(III) [ferric iron]. 
Redox transformation of iron, i.e. either reduction of Fe(III) to 
Fe(II) or oxidation of Fe(II) to Fe(III), is used by many 
microorganisms to produce energy and to grow and leads 
either to dissolution, transformation or precipitation of iron 
minerals. This presentation will give an overview about iron 
redox transformations catalyzed by neutrophilic 
microaerophilic, nitrate-reducing and even phototrophic Fe(II)-
oxidizing as well as by Fe(III)-reducing microorganisms. I will 
then discuss the implications of these iron minerals 
transforming processes for the fate of trace metals. The 
presentation will focus in metal(loid)s such as cadmium and 
arsenic using examples from laboratory experiments with 
cultures of Fe(II)-oxidizing and Fe(III)-reducing bacteria as 
well as from field studies in cadmium-contaminated soils and 
drinking water filters used to purify arsenic-contaminated 
water. It will in particular be shown how Fe(II)-oxidizing 
bacteria can contribute to Fe(III) mineral formation and 
sorption and co-precipitation of other metal ions such as 
arsenic. Additionally, it will be shown that depending on the 
geochemical conditions, Fe(III) reducing activity in the 
presence of cadmium-loaded iron(III) oxyhydroxides minerals 
(ferrihydrite-like minerals) can either lead to cadmium 
mobilization by Fe(III) mineral dissolution or to cadmium 
immobilization by the formation of stable secondary iron 
mineral phases such as magnetite or iron carbonates. 
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Attica region is situated in a big peninsula of central 

Greece densely populated with more than 5,000,000 
inhabitants. It is circumscribed on the north by South Evoikos 
Gulf (SEG), on the east by Petalion Gulf (PEG) and on the 
south by Saronikos Gulf (SAG). Anthropogenic activities and 
industry in particular are most often incriminated for 
environmental contamination and pollution, but the 
contribution of naturally occurring heavy metals is frequently 
underestimated. Here we examine the spatial distribution of 
selected heavy metals determined in surface sediments of the 
three gulfs taking also into account the lithology of the gulfs' 
catchments. 

The comparison of total heavy metal contents against 
SQGs (ERL/ERM and TEL/PEL) shows that Cr and Ni are 
among the priority elements of potential toxicological concern. 
High Enrichment Factors (EF) are estimated when average 
shale is used as reference sediment. On the contrary, when 
local pre-industrial sediment is used as reference, EF values 
fall within normal ranges for SEG and PEG, whereas SAG 
appears to be seriously affected by human activities. Similar 
conclusions are drawn when the labile fractions of these metals 
are determined by means of single and sequential extractions. 
In conclusion, caution is required in sediment contamination 
assessment exercises and the determination of local 
background metal levels is strongly suggested, particularly in 
cases where metal-rich lithological complexes are present in 
the parent catchment areas.  
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Towards sampling compositions comparable to natural 

magmas, we have recently simulated model basalt melt system, 
which consists of four most common components (MgO, CaO, 
Al2O3 and SiO2) with/out H2O. Our first principles simulations 
suggest that the melt structure is controlled by cation-anion 
bonding to show strong short-range order. As pressure rises, 
the structure changes considerably with all cation-anion 
coordination numbers increasing relatively rapidly initially and 
then gradually at pressures above 50 GPa. The predicted trend 
is consistent with experimentally inferred pressure behavior of 
Si-O coordination of basalt melt. When compared with other 
silicate liquids, we notice an interesting trend that the effects of 
composition on the mean cation-anion coordination are rather 
small implying that the corresponding coordination polyhedra 
serve as building blocks of silicate melts. How these structural 
units exist and how they act together to control the melt 
behavior perhaps vary among different melts. For instance, 
these units are interlinked to varying degree in different 
liquids. The simulated model basalt melts contain less than 70 
% bridging oxygens even when both Si and Al are together 
considered as network formers. Simulations of hydrous basalt 
melt show that water dissolves in the form of hydroxyls and 
water molecules at low pressure and as more extended 
structures at high pressure. The system commences to behave 
ideally at pressures above 10 GPa, a similar behavior with 
much higher pressure of 50 or above was predicted for hydrous 
SiO2 and MgSiO3 melts. This impies an unlimited solubility of 
water in silicate melts, and the water solubility rather appears 
to be insensitive of composition at high pressure. Also, proton 
diffusivities for different melts agree mostly except at low 
pressure-low temperature regime where hydrous silica liquid 
show much slower diffusion.  
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Isotopic measurements of geological material have 
enhanced our understanding of the timing and chemical 
evolution of the Earth and its ocean. Over the last decade, 
geochemists have in particular benefited from technical 
advances in multiple collector ICP-MS facilitating the precise 
measurement of a wide range of radiogenic and stable isotopes 
with relevance to planetary evolution, environmental change 
and archaeology. Despite the precise determination of isotope 
ratios, the data achieved by wet chemical bulk analysis 
represent an average of the sample in the range of micrograms. 
This can limit the significance of the information obtained if 
the composition and/or geochemical information or the sample 
material is heterogeneous in the micrometre scale and hence 
outside the preparative and analytical resolution. The advent of 
micro-analytical in situ techniques and recent innovations in 
high-resolution laser ablation ICP-MS and secondary 
ionization mass spectrometry (SIMS) has greatly improved our 
capabilities to gain insight into Earth and environmental 
process operating down to micro-scale e.g. on mineral surfaces 
or boundaries. The strength of high spatial resolution analysis 
is often achieved at the cost of a reduced precision of isotopic 
data due to short analysis times or small element abundance in 
the sputtered material.  

Here we illustrate the opportunities offered by the 
integration of datasets obtained from MC-ICP-MS bulk 
analyses and micro-analytical in situ techniques of LA-MC-
ICPMS and SIMS, focusing on applications to problems in 
Earth and ocean science, including geochronology, petrology 
and environmental change. For example, we will demonstrate 
how integrated bulk- and micro-analytical studies of U-Pb, Hf, 
O, B and Li isotope analyses of minerals and melt inclusions 
enabled spatial and temporal insights in subduction zone 
processes and continental crust formation. Further examples 
include how our understanding of past seawater pH, ocean 
temperature and continental weathering improves by 
combining B and Ca isotope data obtained from biogenic 
carbonates on a range of temporal and spatial scales. 
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Marine ferromanganese oxides play significant roles on the 
geochemical cycles of trace elements. Tellurium, an element of 
growing economic importance, is extremely enriched in marine 
ferromanganese oxides, compared with the other oxyanions[1]. 
Because Te is not mined as a primary ore anywhere in the 
world, its high concentrations in marine ferromanganese 
oxides could be a potential resource of Te. The uderstanding 
on chemistry responsible for the extreme enrichment of Te is 
important to consider geochemical roles of marine 
ferromanganese oxides and environmental impacts of future 
deep-sea mining.  

We performed spectroscopic analysis combined with 
adsorption/coprecipitation experiments. XANES analysis 
showed that in adsorption/coprecipitation experiments, Te(IV) 
was oxidized on δ-MnO2 and not oxidized on ferrihydrite. 
EXAFS analysis showed that both Te(IV) and Te(VI) were 
adsorbed on the surface of δ-MnO2 and ferrihydrite via 
formation of inner-sphere complexes. In addition, Te(VI) can 
be structurally incorporated into the linkage of Fe octahedra 
through a coprecipitation process because of its molecular 
geometry that is similar to the Fe octahedron. The largest 
distribution coefficient was obtained in the Te(VI)/ferrihydrite 
coprecipitation system, which was comparable to the 
distribution between natural ferromanganese oxides and 
seawater. On the other hand, XAFS and µ-XRF mapping of 
natural samples showed that Te was structurally incorporated 
as Te(VI) in Fe (oxyhydr)oxide phases. Thus, we conclude that 
the enrichment of Te in ferromanganese oxides is due to the 
structural incorporation of Te(VI) into Fe (oxyhydr)oxide 
phases through coprecipitation[2]. This mechanism can explain 
the unique degree of enrichment of Te compared with other 
oxyanions, which are mainly enriched via adsorption on the 
surface of the solid structures [3].  
 
[1] Hein et al (2003), GCA 67, 1117-1127 [2] Kashiwabara et 
al GCA, in press. [3] Kashiwabara et al (2011), GCA 75, 5762-
5784 
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Information on the interaction between surface water and 
groundwater is significant to understand regional hydrological 
system and to achieve appropriate groundwater-resource 
management. Geostatistical analysis of both hydrochemical 
and isotopic data from multiple environmental tracers was used 
to evaluate groundwater interaction with surface water in the 
Kyoto Basin, Japan. The study area covers the watersheds of 
the Kamo and Takano Rivers. Both rivers flow from the 
northern and northeastern mountains adjacent to the Kyoto 
Basin, meeting in the northeastern region of the basin, where 
they continue to flow southward. River water and groundwater 
samples were collected at 18 points along the Kamo River, 7 
points along the Takano River, and from 28 wells within the 
watersheds. Concentrations of major dissolved components, 
hydrogen and oxygen isotope ratios (δD and δ18O), and Radon-
222 (222Rn) values of the samples were determined. Three-
dimensional distributions of ion concentrations and isotope 
ratios of the groundwater within the aquifer were generated 
using the Ordinary Kriging interpolation method, taking into 
account the location, depth and screen sections of each well. 
The mixing ratio of groundwater to river water was calculated 
using the measured 222Rn concentration of river water and the 
predicted 222Rn concentration of groundwater, 5 m below the 
sampling point. It was assumed that all 222Rn input upstream 
was diffused to air before reaching the sampling point. 

A domain that has lower chloride ion concentration 
compared with the surrounding groundwater was identified 
below the river. At the confluence of the two rivers, the E–W 
cross section of this domain measures ca. 2100 m wide and 
35 m deep; this extends to ca. 3400 m wide and 115 m deep, 
2800 m further downstream. δ18O was also lower within this 
domain. The domain is associated with a permeable sandy 
gravel layer; hence we conclude that the groundwater within 
this zone is an underflow. Notably, the 222Rn concentration of 
river water was also highest around the confluence, with a 
groundwater mixing ratio of 35%. This suggests that surface 
water close to the confluence has a major groundwater 
component. 
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We present the very latest in Isotope Ratio Mass 

Spectrometer (IRMS) technology from Isoprime Ltd, the 
completely new VisION.  

From our position as a dedicated and leading global 
supplier of IRMS instrumentation, we have carefully evaluated 
how today’s scientists use IRMS in the modern laboratory to 
generate high quality isotope data, ultimately informing and 
developing their respective scientific community’s 
understanding of stable isotope systems. Using this insight we 
believe that IRMS needs to be more accessible, more efficient 
and more powerful than ever before leading to the creation of a 
completely new IRMS experience. In particular, we find a 
growing interest in the power of IRMS from a wide variety of 
scientist’s who would otherwise believe IRMS instrumentation 
to be inaccessible, whether due to perceived complexity of the 
required instrumentation, or simply believing that IRMS is too 
demanding in terms of investment for their laboratory. We aim 
to deliver the powerful tool of stable isotope analysis to these 
new users with a new IRMS experience while continuing to 
bring tangible benefits to those experienced laboratories who 
require high powered yet fully automated IRMS for turnkey 
analysis; this is our prediction for the future of IRMS, the 
VisION. 
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Solid/liquid interfaces are ubiquitous in the earth and our 

daliy life. Understanding the solid/liquid interface structure is 
essential for biology, chemistry, geology and engineering. 
Hydrophobic gap has been observed, with the help of high 
resolution X-Ray reflectivity study, on the strongly 
hydrophobic surface, where the water density is reduced to half 
the bulk density with a scale of ~0.5-1 nm. However, the 
situation has been less clear for a weakly hydrophobic surface. 

On the other hand, Wettability is a very important physical 
property for solid/liquid interfaces, which reflects the 
interactomic interactions between different contacted phases. It 
is known that the roughness in meso- or microscopic scale 
(larger than 10 nm) can lead the wetting status into either 
Wenzel status or Cassie-Baxter status dependent on the surface 
geometry. Consequently, the hydrophobic surface will be more 
hydrophobic, and the hydrophilic surface will be more 
hydrophilic. However, There is no consensus on (1) how the 
sub-nanoscopic roughness affects the wetting properties; (2) 
how the sub-nanoscopic roughness affects the hydrophobic gap 
as detected by X-Ray Reflectivity; and (3) how the relationship 
develops between the hydrophboic gap and the wettability. 

We have recently started two indepedent X-Ray 
reflectivity experiments for silicon wafer surfaces with an 
ultrathin SiO2 films immersed in liquid water. The surface 
chemistry is almost equivalent and the roughness is within 1 
nm for both cases. However, we observed a hydrophobic gap 
in one time, and did not observe the gap at all in another time. 

To elaborate whether the observed difference results from 
different roughnesses, we have prepared various silica-water 
interface systems and investigated the interfacial structure in 
detail using molecular dynamics simulations. The weakly 
hydrophobic surfaces are obtained with a silica surface (or 
slice) with only siloxane Si-O-Si bridge. The roughness is then 
controlled with a sinusoidal-function-like shape via the period 
and amplitude. It was found that the water density at interface 
has been modulated by the surface shape. The density at 
hydrophobic caves was found to be much depleted. The results 
will help us understand the liquid-solid interface better with 
consideration of the roughness at atomic scale. 
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The chemistry of the andestic-rhyodacitic Los Frailes 
Ignimbrite Complex records the last 25 million years of crustal 
thickening and delamination under the Andean Altiplano. The 
strongly peraluminous character of these ignimbrites indicates 
a metapelitic crust, while seismic velocities reveal a 
predominantly silicic lower crust at present. Geochemical data 
and modeling suggest the ignimbrites are ~50:50 mixtures of 
enriched mantle and crustal-derived melts based on δ18O 
ratios of quartz phenocrysts (+9.73-11.09‰) and Sr-Nd AFC 
calculations that assume an enriched mantle melt with 500-950 
ppm Sr; 25-30 ppm Nd; δ18O=+5.8‰, 87/86Sr=0.7055 and 
143/144Nd =0.51260. Sr and Nd isotopic ratios in the 
ignimbrites are 0.710-0.713 and 0.5121-0.5123. The AFC 
calculated crustal end-members have δ18O=+13-16‰, 
87/86Sr=0.730-0.750 at 95-160 ppm and 143/144Nd =0.51190 
at 25-40 ppm. Evidence for melting and mixing near the Moho 
comes from steep HREEs (Sm/Yb=4-12) and high Sr ppm 
(400-650). Negative Eu/Eu* (0.6-0.9) anomalies require 
subsequent mid to upper crustal plagioclase fractionation, and 
cordierite in some reflect pre-eruption crystallization in the 
uppermost crust. Temporal trends in trace element ratios track 
a pattern of general and episodic crustal thickening related to 
crustal shortening since 25 Ma that is inferred from steepening 
HREE ratios. Two temporally distinct decreases in Sm/Yb 
ratios could correlate with discrete delamination events at 12-
10 Ma and 4-2 Ma just prior to the major eruptions of the 8-7 
Ma Livicucho/Condor Nasa and 2-1 Ma Los Frailes 
ignimbrite. A shift to more enriched isotopic compostions at 
12-10 Ma could be related to delamination related loss of the 
mantle lithosphere and basal crust that both contaminates the 
mantle wedge and exposes mantle melts to more isotopically 
enriched crust. The voluminous ~1.5 Ma Los Frailes 
ignimbrite is linked with seismic evidence for missing 
lithosphere related to the latest delamination event. 
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Some microorganisms can acquire energy through up-
taking (or injecting) electrons from (or to) iron minerals. Our 
group has demonstrated the novel way of microbial energy 
metabolism, in which conductive minerals work as electric 
wires between two microorganisms. Firstly, we investigated 
the electron exchange via conductive minerals within a model 
microbial consortium consisting of Geobacter and Thiobacillus, 
and demonstrated that nanoparticles of electrically conductive 
magnetite (Fe3O4) facilitate electron exchange between them 
[1]. Also we found that the magnetite-dependent electron 
exchange facilitates symbiotic methanogenesis from organic 
compounds [2]. Our results suggest that microorganisms use 
nanoparticles of conductive minerals as electric wires, 
resulting in efficient electron exchange and cooperative 
catabolism. Given that conductive minerals are ubiquitously 
and abundantly present in nature, electric interactions between 
microorganisms and conductive minerals may contribute 
greatly to diverse biogeochemical reactions. 
 
[1] Kato et al (2012) Proc. Natl. Acad. Sci. U. S. A. 109, 
10042-10046 [2] Kato et al (2012) Environ. Microbiol. 14, 
1646-1654 
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Metasomatic uranium-bearing rocks of Poroyarvi and 

South Bragino areas (South Pechenga zone of the Kola 
Peninsula) and Alim-Kursuyarvi and Ozernoe areas 
(Kuolayarvi zone of the Northern Karelia) have been studied 
by Sm-Nd, Rb-Sr and U-Pb methods. The obtained Sm-Nd 
mineral ages are within 1886-1750 Ma, which is responsible 
for the manifestation of metasomatic processes at the 
regressive stage of regional metamorphism of the Baltic Shield 
and fully justify the assumption of [1] on the formation of Fe-
Co-Au-U deposits after the peak of Svecofennian 
metamorphism. Rb-Sr data define the lower age limit for 
metasomatic processes at 1730 ± 40 Ma. A change of the Nd 
initial isotopic composition (143Nd/144Nd) from 0.51032 at 
1.89 Ga to 0.51022 at 1.75 Ga, and thus, variations in the ξNd 
values from +1.2 to -3.4 indicates mantle origin of fluid flow 
and lack of significant interaction with crustal rocks at 1.89 Ga 
with the subsequent contamination of fluid by crustal material 
to 1.75 Ga. Characteristic for fluid-saturated ore-bearing 
metasomatites variations of initial strontium ratio (87Sr/86Sr)i 
from low (0.7027) to high (0.7156) also indicate a significant 
interaction of metasomatizing fluid with crustal rocks. U-Pb 
rutile age of ore-bearing albitites from the Ozernoe area is 
1756 ± 8 Ma which allows us to estimate the temperature of 
rocks at this time since the known closure temperature for U-
Pb rutile system is about 400-450 °C. Chemical dating of 
uraninite gave an age of 1627 ± 42 Ma, U-Pb brannerite age is 
392 ± 4 Ma. These ages are known for uranium mineralization 
in other parts of the Kola Peninsula [2]. Thus, the isotopic 
systems show that the two-stage formation of ore-bearing 
metasomatites in the Kola-Karelian region is associated with 
mantle fluid that is contaminated by crustal material with time. 

 
The work is supported by RFBR grant 14-05-00443. 

 
[1] Vanhanen E. (2001). Geological Survey of Finland. 
Bulletin 399. 229 p. [2] Serov L. (2011). Docteur de 
l’Université Henry Poincaré (en géosciences). Soutenance 
publique le 24 juin 2011. Nancy. France. 166 p. 

 
 



 Goldschmidt2014 Abstracts  
 

 

1206 

1206 

Lipid preservation in hot spring silica 
deposits: Elucidating geothermal 

chemistry and ecology 
G. KAUR1*, B.W. MOUNTAIN2 AND R.D. PANCOST1 

1Organic Geochemistry Unit, School of Chemistry, University 
of Bristol, UK  
(* correspondence: preeti.kaur@bristol.ac.uk) 

2Institute of Geological and Nuclear Sciences, Wairakei 
Research Centre, New Zealand 

 
Geothermal environments and their microbial inhabitants 

play a key role in origin of life studies and astrobiology. 
Diverse and deeply-branching thermophilic and 
hyperthermophilic bacteria and archaea inhabit geothermal 
systems and their mineral deposits. Lipid biomarkers are 
relatively well preserved in geothermal deposits and once 
encased in the mineral matrix can persist for extended periods 
of time [1, 2]. Consequently they can be used to profile 
microbial diversity and function and, where preserved in 
ancient materials, assess past geothermal conditions [2]. 

We examine the lipid biomarkers preserved in silica sinters 
from the Taupo Volcanic Zone (TVZ), New Zealand. Analyses 
show bacterial biomarkers including free fatty acids, 1,2-
diacylglycerophospholipids, 1,2-di-O-alkylglycerols, 1-O-
alkylglycerols, monomethyl alkanes and various hopanoids. 
Dominant archaeal lipids include archaeol and glycerol dialkyl 
glycerol tetraethers (GDGTs). The structure, distribution and 
isotopic composition of these lipids are unusual and reflect the 
chemical and microbiological conditions present at the time of 
sinter formation. For example: archaeal lipids, specifically 
highly cyclized GDGTs, are predominant at high temperatures 
and low pH; and longer chain fatty acids are more abundant at 
higher temperatures. Unusually high carbon isotopic 
compositions (40‰ range, with some values exceeding 0‰) 
are also detected. 

Preservation of a range of the aforementioned 
functionalized lipids is observed in the sinters suggesting that 
silicification facilitates geochemical preservation. Most 
compounds have been diagenetically or thermally altered; for 
example, free fatty acids, derived from phospholipid 
hydrolysis, predominate, and bacteriohopanoids have been 
converted into less functionalised products. The altered 
structures can be related to specific biological precursors and 
can be used in combination with their isotopic signatures to 
reconstruct geothermal chemistry and microbial ecology.  

 
[1] Pancost et al (2006) Geobiology 4, 71-92 [2] Kaur et al 
(2011) Astrobiology 11, 3, 259-274 
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Trichloroethylene (TCE) is a dense, organic, water-soluble 

solvent that has been used to degrease engines and as a 
cleaning agent in laundry facilities. TCE is a known 
carcinogen and its current use is limited; however, TCE 
remains one of the most common groundwater pollutants in the 
industrial world. Hence, there has been considerable interest in 
developing effective, economical techniques to breakdown 
TCE in situ. One of the more promising strategies is based on 
stimulating the Fenton reaction in the subsurface. The 
homogeneous Fenton reaction is the reaction between 
hydrogen peroxide (H2O2) and ferrous iron, forming hydroxyl 
radical (OH*). OH* reacts rapidly with organic molecules, 
including TCE. It has been shown that a similar process takes 
place when H2O2 is injected in sediments contaning iron-
bearing minerals, where the mineral surface drives the 
formation of hydroxyl radical. A new promising development 
is that the mineral pyrite (Py) degrades TCE in aerated 
solutions. The reaction proceeds via the formation of H2O2 and 
OH* as part of the step-wise reduction of dissolved molecular 
oxygen.  

Here we report on a study that explores the effect of 
combining chalcopyrite (Cpy) and Py on the rate of TCE 
degradation. The addition of Cpy to a Py slurry leads to an 
enhanced production of hydroxyl radical. The effect is non-
linear and results in a significantly higher TCE degradation 
rate. We have determined the optimal Cpy/Py ratio. The exact 
mechanism of the non-linear rate increase in TCE is subject of 
an ongoing study, but results of a study with adenine as a 
probe molecular suggest that Galvanic coupling of the two 
sulfides contributes to the non-linear response as well as what 
we refer to as a co-factor mechanism. The co-factor 
mechanism refers to the fact that Cpy rapidly forms hydrogen 
peroxide when dispersed in water, but the rate of its conversion 
to hydroxyl radical is slow in Cpy slurries compared to Py 
slurries. Hence, in combined Cpy-Py slurries, Cpy produces 
H2O2 that is converted by Py into hydroxyl radical. The results 
of this study suggest that a better understanding of the 
interaction among mineral pairs can lead to the development of 
new in-situ, Fenton-like remediation strategies that do not rely 
on the injection of H2O2. (Intellectual Property SBU Disclosure 
R-8542). 
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Isotopes are a sensitive marker for interfacial redox 

processes. Measurements of stable isotope abundances in 
electrochemically active systems demonstrate their promise as 
markers for information about the kinetics and 
thermodynamics of reactions, but only to the extent that the 
isotope fractionation at each step is understood. Here we revisit 
our previous derivation of an isotope-sensitive kinetic theory 
for electrochemical reactions far from equlibirum, based on 
Marcus theory [1,2]. In a new derivation, equilibrium 
constraints are satisfied, and the isotope-dependence of the 
pre-exponential factor is incorporated explicitly into the 
derivation. The result is a predictive framework for the isotope 
kinetics of reversible electron transfer reactions. We compare 
our theoretical predictions against measurements of 
electrochemical isotope effect in metals including Fe, Zn, and 
Li. 

 
Figure 1. Electrochemical isotope fractionation of metals as a 
function of potential and temperature [3]. 
 

[1] Marcus (1965) J. Chem. Phys. 43, 679-701 [2] Kavner et al 
(2005) GCA 69, 2971-2979 [3] Black et al (2011) ACS 
Symposium Series 1071, pp. 345-359 
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Redox thermodynamics of core and mantle materials at 

interior conditions govern which elements tend to be oxidized 
and which tend to be reduced by their relative positions on a 
planetary-interior electrochemical series. Here we present the 
results of synchrotron X-ray diffraction measurements of 
metals, oxides, and silicates in the laser-heated diamond anvil 
cell. Using ours and others’ data, we measure equations of 
state of Fe, Co and Ni metals, oxides and silicates, showing 
their relative redox potentials as a function of pressures and 
temperatures. 

Our results for the relative oxidation energetics of Co and 
Ni ringwoodite silicates with respect to their metals show a 
crossover between their relative oxygen fugacities at lower 
mantle pressures and temperatures (Figure 1). This result 
agrees with our determinations for the oxide systems, and 
mirrors measurements of pressure-dependent metal-silicate 
distribution coefficients.  
 

 
Figure 1. Energetics of the Ni and Co silicate-oxide equilibria 
relative to the Fe silicate-oxide equilibrium. 
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Low molecular weight (LMW) dicarboxylic acids such as 

oxalic acid (C2) are most abundant organic compound class in 
atmospehric aerosols. Because they are water-soluble, 
dicarboxylic acids can enhance the hygroscopic properties of 
atmospheric particles. We collected marine aerosols every 
week from 2001 to 2013 at a remote island, Chichijima, in the 
western North Pacific. The filters were extracted with organic 
free pure water to isolate diacids and related compounds. The 
extracts were reacted with BF3/n-butanol to derive carboxyl 
groups to butyl esters and aldehyde groups to dibutoxy acetals. 
The derivatives were determined by GC and GC/MS. We 
found that C2 is the dominant diacid species followed by 
malonic (C3) acid in the aerosols thoroughout the year whereas 
glyoxylic acid is the dominant ketoacid. Stable carbon isotopic 
ratios (δ13C) of small diacids, ketoacids and α-dicarbonyls 
(glyoxal and methylglyoxal) were measured in the marine 
aerosols using a capillary gas chromatography combined to on-
line combustion/isotope ratio mass spectrometer (GC/IRMS) 
[1].  

We found that δ13C of C2 increased from -20‰ in winter to 
-5‰ in summer. Malonic acid (C3) also showed an increase of 
δ13C from winter (-25‰) to summer (-15‰). The increase in 
δ13C values is likely caused by isotopic fractionation that 
occurs during photochemical decomposition of carboxylic 
acids [2]. We propose that 12C-12C bonds of oxalic acid 
decompose preferentially over 12C-13C bonds during photolysis 
of oxalate-iron complex. Interestingly, methylglyoxal and 
glyoxylic acid, which are the precursor compounds of oxalic 
acid, generally showed higher δ13C values than those of oxalic 
acid. Seasonal variation of δ13C will be discussed in terms of 
Asian outflow of anthropogenic aerosols and photochemical 
aging. 

 
[1] Kawamura and Watanabe (2004) Anal. Chem. 76, 5762-
5768 [2] Pavuluri and Kawamura (2012) Geophys. Res. Lett., 
39, L03802. 
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Disequilibrium O isotopic distributions among inter- and 
intra-crystals of CAIs correspond to multiple melting events in 
the solar nebula [1]. Thus 26Al-Mg systematics may be 
applicable for age differences between the melting events. We 
have carried out coordinate study of O and Mg isotopes by 
SIMS and precise petrographic observation for a Type C CAI, 
EK1-04-2 from Allende CV3 in order to determine melting 
events and the ages. The CAI mainly consists of spinel, 
anorthite, olivine and diopside, and has a core and mantle 
structure. Petrography in the core suggests that crystallization 
sequences of core minerals are spinel, anorthite, olivine and 
diopside. The mantle has the same mineral assemblage as the 
core, and shows partial melting and solidification texture. O 
isotopic compositions of all minerals are distributed along 
CCAM line (δ18O = −44 to +9‰) indicating disequilibrium in 
the CAI. Spinel is 16O-rich (δ18O ~ −43‰), while anorthite is 
16O-poor (δ18O ~ +9‰). Core olivine and core diopsides have 
the same O isotopic composition (δ18O ~ −15‰), indicating 
their equilibrium. Mantle olivine and mantle diopsides have 
variable O isotopic compositions and are slightly depleted in 
16O (δ18O = −13 to −4‰) comparing with these minerals of 
core. 26Al-Mg systematics is consistent to the disequilibrium 
observed by petrography and O isotopes. Spinels are plotted on 
a line of 26Al/27Al0 = (3.52 ±0.15) ×10-5, anorthites are (0.5 
±1.6) ×10-6, and core olivine and core diopsides are (−0.8 ±7.4) 
×10-6, indicating in equilibrium each other. Plots of mantle 
olivine and mantle diopside are scattered below the isochron of 
these minerals of core, suggesting partial melting of mantle. 
Only inconsistency among petrography and isotopic 
distributions is 16O-poor nature of anorthite. However, 
diffusivities [2,3] and crystal sizes imply that re-equilibrium of 
O and Mg isotopes was achieved for anorthite grains by 
secondary processes on the parent body. Therefore, our study 
revealed that the CAI had retained in the protosolar nebula at 
least for 1.7 Myr and experienced multiple melting events in 
the nebula. 
 
[1] Yurimoto et al (1998) Science 282, 1874-1877 [2] Ryerson 
and McKeegan (1994) GCA 58, 3717-3734 [3] LaTourette and 
Wasserburg (1998) EPSL 158, 91-108 
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Re: contimental crust “A hypothesis that is widely 
accepted is a two stage origin. [Mantle-derived basalts] 
undergo [medium pressure] intracrustal differentiation, 
creating silicic upper crust and mafic lower crust. The lower 
crust is then recycled into the mantle by delamination.” 
Schubert et al. (2001). This foundering process, as well as 
subduction-erosion and slab breakoff, are driven by a density 
instability, commonly attributed to a transformation of basalt 
to eclogitic at the base of contractionally overthickened crust. 
To be “important”, the candidate processes must operate at 
rates on the order of an AU (km3/yr=Armstrong Unit), which 
is on the order as basalt production rate at arcs. As 
delamination is an event of short duration, it is not observed 
(imaged seismically) in many places at present: the Sierras and 
the central Andean plateau are examples. It is thought not to 
occur at oceanic arcs, due to the thinner crust, although the arc 
migration and uncommon adakitic magmatism allows for the 
operation of subduction-erosion, as in the Aleutian arc. The 
identification of delamination events in the past, either while 
convergent margins are active or when the contractional event 
is a continental collision, relies on proper interpretation of the 
distinctive magmatism (often “adakitic”) structural events and 
thermal events (including magnatic flareups), the latter being 
orogenic events. Examples are at once much commoner that 
present-day ones, but also more speculative. In particular, 
some diagnostic parts of the continental margin are often 
missing, due to low preservation. Finally, over Earth history as 
much recycling as accretion has occurred. 
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Calc-alkaline plutons are major crustal building blocks of 

continental margins, but rare in oceanic island arcs. One of the 
most calc-alkaline I-type island arc plutons is the ~10 km wide 
Oligocene Hidden Bay pluton on Adak Island in the Aleutian 
arc, which intrudes the mafic volcanic-sedimentary rocks of 
the Eocene Finger Bay Formation. A comparion with 
continental plutons shows similarities in the compositions of 
intrusive units, mineralogy and chemistry (including a Daly 
gap) in line with common processes. A difference is the 
oceanic like isotopic ratios (87Sr/86Sr = 0.703-0.7033; εNd = 9-
7.8) and non-continent like LIL ratios in the Hidden Bay 
pluton. Ar/Ar ages of 16 gabbro, porphyritic diorite, diorite, 
granodiorite, leucogranodiorite and aplite samples range from 
34.6 to 30.9 Ma with the ~4 Ma history apparently reflecting a 
time of magmatic waning as the arc front moved northward, 
possibly at a time of accelerated forearc subduction erosion. 
The chemistry of the homogenous gabbros is basically similar 
to the high Al basalts at young Adak Island volcanoes in the 
north suggesting little temporal evolution in the chemistry of 
the deep magma source. Instead, pluton formation seems to 
require a relatively closed system magma supply that favors an 
increase in K, Ti and OH compared to the volcanic stage and a 
sufficient crustal thickness (now ~37 km), fluid concentration 
and contractional stress that pargasitic hornblende is stabalized 
at depth. Fractionation models suggest the gabbroic to 
leucogranodioritic units evolved in the lower to mid-crust with 
more silicic magmas rising buoyantly to higher levels where 
final crystallization and segregation of aplites occurred. Most 
gabbroic and all mafic dioritic samples are crystal cumulates. 
The volumetrically dominant silicic diorite and granodiorite 
units (58-63% SiO2) show the most mineral zoning and have 
compositions approaching those of melts. The 
leucogranodiorite (67-70% SiO2) is the youngest. The plutonic 
units can be interpreted as deep-crustal differentiates of high-
Al basalt. High Sm/Yb ratios in a few adakitic dike and 
porphyry samples require a garnet-bearing residue, which can 
be associated with forearc components removed by forearc 
subduction erosion.  
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The eastern Pontides contain numerous plutonic rocks of 

varying age and also compositions during Palaeozoic to 
Tertiary. Although Palaeozoic aged intrusive rocks are 
commonly observed in the Southern Zone of the eastern 
Pontides, so far the entity of these rocks have not determined 
in the Northern Zone because of the intensive Late Cretaceous 
and Tertiary volcanic and sedimentary units [1, 2]. These 
plutonic rocks were determined as Carboniferous in age by U-
Pb zircon dating studies. From these plutonic rocks, magma 
emplacement ages of monzonites from the Özdil Pluton, 
granites from the Özdil Pluton, the Soğuksu Granite, the 
Seslikaya Granitoid, the Kızılkaya Granite and the Sahmetlik 
Granitoids are 340.7 ± 1.8 Ma, 323.1 ± 1.5 Ma, 348.4 ± 1.6 
Ma, 335.4 ± 1.4 Ma, 337.24 ± 0.69 Ma and 334.5 ± 1.4 Ma, 
respectively.  

Primitive εNd values of these plutonic rocks range from -
4.8 to -7.1 whereas 87Sr/86Sr(i) ratios large range from 0.7026 
to 0.7101. Depleted mantle Nd model ages are between 1.15 to 
2.47 Ga. 206Pb/204Pb(i), 207Pb/204Pb(i) and 208Pb/204Pb(i) contents of 
samples change from 17.11 to 18.60, 15.58 to 15.64 and 36.95 
to 38.62, respectively. Isotopic and petrological data suggest 
that the plutonic rocks were produced by the partial melting of 
Early Palaeozoic lower crustal rocks (amphibolitic, 
metagreywacke and metapelitic), with minor contribution from 
the mantle. These rocks represent a late stage of Hercynian 
magmatism in the eastern Pontides. 

 
[1] Kaygusuz, A., Arslan, M., Wolfgang, S., Sipahi, F., İlbeyli, 
N., (2012) Int. Geol. Rev. 54, 1776-1800. [2] Kaygusuz, A., 
Arslan, M., Sipahi, F., (2013). TUBITAK CAYDAG, Project 
No:112Y015, Final Report, 175 pp. 
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Tungsten (W) is mobile in natural waters at high pH[1] and 

the detection of W at six National Priority List sites resulted in 
W being classified as an emerging contaminant in 2012[2]. 
Modern advances in the measurement of stable metal isotopes 
by MC-ICP-MS can be applied to contribute to the 
understanding of the fate and transport of W in the 
environment.  

We have developed W chemical separation procedures and 
multi-dynamic MC-ICP-MS measurement techniques for the 
analysis of W isotope ratios (182W/183W, 184W/183W, 186W/183W). 
The NIST-3163 W standard was mixed with multiple matrices, 
purified, and analyzed to ensure that our chemical separations 
did not induce W isotope fractionation. Following technique 
verification, experiments were done to examine the behavior of 
W in solutions at pH 2, 6, and 8, in contact with clay media . 
Solutions of NIST-3163 were added to kaolinite (KGa-1b) and 
montmorillonite (SWy-2) clay standards. After shaking, the 
solutions were removed, filtered through 0.45µm filters and 
analyzed. Mass dependent fractionation of NIST-3163 was 
measured in solutions after contact with the clays: 182W/183W 
ratios deviated positively relative to NIST-3163, while 
184W/183W and 186W/183W ratios showed negative deviations. 
The magnitude of δ186W deviation from NIST-3163 is on the 
order of -1‰. Preliminary W isotope compositions from 
evaporative lakes in Nevada (high pH, high W concentrations) 
also suggest that mass dependent fractionation of W occurs in 
these settings, though more data and field control are needed to 
confirm these observations. Variations in pH and the formation 
of W oxides may fractionate W in environmental settings. We 
will discuss our plans for further environmental sampling to 
investigate W stable isotope signatures as well as ongoing 
work to examine W isotope variation in global ore deposits and 
ore concentrate materials. 

 
Prepared by LLNL under Contract DE-AC52-07NA27344. 
 

[1] Koustospyros et al 2006, Journal of Hazardous Materials 
136, 1-19 [2] EPA 505-F-11-05, May 2012, Technical Fact 
Sheet – Tungsten. 
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Bones are geochemically stable in living organisms, 

comprised of hydroxyapatite (HAP) with compositional 
control from the host’s metabolic and biochemical (e.g. Ca, Na 
exchange). Once introduced into the environment, HAP 
alteration is mediated by direct and indirect, abiotic and biotic 
interactions and processes. Significant gaps in our 
understanding highlight the need to study the chemical and 
structural changes experienced by HAP for bone preservation 
during early diagenesis because thermodynamic models predict 
that HAP is unstable in a range of geochemical conditions, 
such that bone must undergo rapid alteration to a more stable 
phase (e.g. fluorapatite) for fossil preservation to occur. We 
combined laboratory and synchrotron sourced (i.e. X-ray near 
edge structure, XANES) spectroscopy methods to gain insight 
into bone alteration, on time scales ranging from days to years, 
from abiotic and biotic experiments. Our results demonstrate 
that structural modifications to HAP crystallites, including 
increased crystallinity and loss of phosphate, occur within days 
and correlate with collagen release. After three years, 
incorporation of Fe at the expense of Ca emphasizes that early 
changes are critical for preservation. From Ca K-edge XANES 
spectra, comparisons of fossil Pleistocene- to Cretaceous-aged 
bones indicate similar structural alterations caused by 
increased p-orbital occupancy that likely reflects Ca(II) site 
substitutions within the HAP lattice. Despite variable bone 
geochemistry, convergence of HAP lattice configuration may 
afford stability over geologic time. 
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Multiple environmental drivers and ecological processes 
contribute to habitat degradation and fish declines in rivers and 
estuaries. And while the main focus of habitat remediation 
studies is usually nutrient loading, the concentrations of N in 
dissolved and particulate organic matter (DOM & POM) are 
often higher than nutrient concentrations, and bioavailable C 
concentrations in DOM and POM pools may be similar. 
Hence, DOM may be an important but largely overlooked 
source of energy supplying estuary heterotrophic demand and 
thus affecting local foodwebs. Multi-isotopic analysis of POM 
has proved to be a useful tool for investigating organic matter 
sources and biogeochemical processes in many complex 
aquatic ecosystems. However, companion multi-isotope 
investigations of DOM have been limited due to measurement 
complexities.  

To facilitate combined DOM and POM investigations in 
aquatic ecosystems, we have modified an existing DOM 
method [1] to develop protocols for the speedy extraction and 
elution of DOM from sub-liter water samples using pre-packed 
C18 resin columns, and the analysis of the resulting dried 
DOM for stable C, N and S isotopes simultaneously. Initial 
results indicate minimal and correctable isotope fractionation 
during elution. We have tested this protocol with samples 
collected from San Francisco Bay and local freshwater ponds. 
This work was supported by the Indo-US Science and 
Technology Forum, India. 

 
[1] Louchouarn et al (2000) Anal. Chem. 72, 2780-2787 
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Soil carbon cycling occurs in a three-dimensional network 
of pores, driven by interactions between organic matter, 
minerals and microbes. Traditionally, these interactions have 
been examined with bulk isolation techniques that disrupt the 
physical architecture of soils. However, the advent of 
minimally invasive imaging techniques capable of obtaining 
physical and chemical information at the submicron scale has 
made it possible to study structurally intact soil 
microenvironments. 

This presentation will highlight how high-resolution 
imaging approaches have provided mechanistic insights into 
the roles of organic matter composition, mineral-organic 
assemblages, and redox active metals in controlling the 
microbial cycling of carbon in soils. Specifically, we will focus 
on the use of synchrotron-based spectromicroscopy 
(STXM/NEXAFS, µ-FTIR, and µ-XRF/XAS) and mass-
spectrometry imaging (NanoSIMS and VUV-LDPI) to 
illuminate carbon mineral-microbe-organic interactions in a 
diverse set of soil microhabitats: soil aggregates, root-soil 
interfaces, and litter layers. In addition, this presentation will 
discuss future directions in sample preparation and imaging 
approaches that could further our understanding of carbon 
cycling in soil microenvironments. 
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Well completion methods known as hydraulic fracturing 

inject approximately 15 million L of a water-based solution 
containing up to 15% proppant and up to 1% chemicals into 
subsurface rock formations to stimulate production of oil and 
gas wells. In the Pennsylvania Marcellus shale, around 1.7 
million L of injected fluid per well return to the surface as 
produced water, regionally generating a few billion liters of 
hypersaline, chemically complex, potentially hazardous fluid 
waste for storage, transport and treatment.  

Little is known of the attenuation of chemical mixtures 
created for hydraulic fracturing within treatment systems or the 
natural environment. A synthetic hydraulic fracturing fluid was 
developed from commonly used commercial additives. 
Laboratory experiments evaluated the inherent biodegradation 
potential of the fluid mixture as a sole substrate by monitoring 
removal of dissolved organic carbon (DOC) from solution by 
activated sludge microorganisms. Experiments were conducted 
across a range of substrate concentrations (25 to 200 mg/L 
DOC) and salinities (0 to 60,000 mg/L TDS) to test individual 
and combined effects of these factors on microbial toxicity and 
biodegradation rates. Substrate removal was coupled to 
biomass production using flow cytometry to estimate microbial 
growth kinetics.  

An average 70%±2% DOC loss occurred within 7 days at 
both dilute and field-representative starting concentrations, 
with biodegradation rates up to 0.51±0.02 d-1. Analysis of 
volatile and semivolatile organics in solution suggests 
microorganisms preferentially degrade n-alkane hydrocarbon 
chains and lower molecular weight substituted and 
unsubstitued VOCs (e.g., BTEX, THMs). Approximately 
30%±2% of added DOC remains in solution after one week, 
including high molecular weight semivolatile hydrocarbons 
(>300 Da), suggesting that a sizeable portion of organic 
additives are initially resistant to microbial transformation, and 
may persist in treatment systems or the natural environment. 
The combined effect of high DOC and high salinity completely 
inhibited degradation of hydraulic fracturing fluid. 
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δ18O values of aragonites are widely used to determine 
their temperature of formation. Most available empirical 
fractionation curves are based on biogenic aragonites and are 
limited to a temperature range between 3 and 30 ºC. 
Experimental calibrations with synthetic aragonites range from 
0 to 70 ºC but display very large differences in fractionation as 
high as 3 ‰ resulting calculated temperature offsets as high as 
~13ºC [1].  

In this study we analyzed a set of aragonitic travertine 
deposits from Italy and Hungary to extend the range of the 
temperature calibration and improve our understanding of the 
processes governing carbonate precipitation based on natural 
carbonate deposits. We collected samples of recently formed 
aragonites and their parent thermal waters at the vents and 
along downstream sections of travertine-depositing thermal 
springs. Our samples cover a temperature range between 23 
and 83 ºC.  

In general, the observed oxygen isotope fractionation for 
aragonites are lower than the empirical fractionations observed 
in pure calcitic travertines [2]. Above 60 ºC they fit well the 
extrapolated experimental curve of Kim et al. [3] providing an 
empirical equation for paleotemperature calculations in open 
air aragonite-water systems between 23-83 ºC. We will also 
discuss possible effects of CO2 degassing and precipitation rate 
on oxygen isotope fractionation in these systems. 
 
[1] Gabitov, R.I. (2013) Chem. Geol. 351, 268-275 [2] Kele, S. 
et al (2011) Sed. Geol. 211, 53-72 [3] Kim et al (2007) 
Geochem. Cosmochim. Acta 61, 3461-3475  
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The formation temperature of carbonates can be estimated 
by the newly developed clumped isotope (Δ47) method [1], 
however, there is still a large uncertainty in the published Δ47-
based calibrations. In this work recent calcitic and aragonitic 
travertines forming from natural springs and wells (5-95oC) 
from Hungary, Turkey, Italy and China were studied for 
stable- and ’clumped’ isotopes, using both the newly 
developed technique of Schmid and Bernasconi [2] and the 
procedures of Huntington et al. [3] and Dennis et al. [4].  

       Δ47 data show an excellent correlation with T (r2>0.9), 
indicating precipitation under equilibrium conditions in the 
vents. However, Δ47 values decrease away from the springs, 
which may be related to kinetic isotope fractionation due to 
CO2 degassing. This empirical calibration based on vent 
samples significantly extends the calibration range of the 
clumped isotope thermometer. It can furthermore be used to 
derive the isotopic composition of the depositing waters from 
ancient deposits to reconstruct meteoric water compositions. 
 
[1] Ghosh, P. et al (2006) Geochim. Cosmochim. Acta 70, 
1439-1456. [2] Schmid, T.W., Bernasconi, S. M. Rapid 
Commun. Mass Spec., 24, pp. 1955-1963, 2010 [3] 
Huntington, K. W. et al J. Mass. Spectrom. 44, 1318–1329, 
2009 [4] Dennis, K. J. et al Geochim. Cosmochim. Acta 75, 
7117–7131. 2011 
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Over geologic time, changes in average crustal 

composition reflect secular variation in factors such as the 
style of mantle melt generation, mantle potential temperature, 
and the tectonics of crust formation. Increasing availability of 
compiled geochemical data has allowed us to see through the 
heterogeneity of crustal geochemistry and construct 
increasingly representative average compositional estimates 
for preserved igneous additions to the continental crust through 
time. Computational statistical analysis of such datasets has 
revealed systematic changes in major and trace element 
geochemistry over Earth history, especially near the time of the 
2.5 Ga Archean-Proterozoic boundary1. However, it is not 
immediately clear whether the observed discontinuities in the 
geochemistry of continental crust circa 2.5 Ga suggest or 
require a major shift in the tectonics of crust formation.  

Our analysis of the major and trace element trends of mafic 
and felsic continental crust through time, along with 
geochemical modelling, suggests that the observed changes in 
crustal geochemistry at the end of the Archean may be 
parsimoniously explained by mantle melting systematics 
without requiring a major shift in the style or tectonics of 
mafic melt generation. However, compositional divergence 
between juvenile mafic and felsic crust before 2.5 Ga may 
suggest more dramatic changes in the style of crustal 
differentiation in the Archean. 

 
[1] Keller & Schoene (2012). Nature 485, 490-493 
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On a global scale, approximately half of the oil 

contaminating coastal ocean waters is introduced by natural 
seepage. One of the world largest seep field’s is located just 
offshore Santa Barbara, California, providing an exceptional 
natural laboratory for investigating petroleum weathering 
occurring on the sea-surface (sheens). Here, we tracked a 
single hydrocarbon plume and collected in total 16 sheen 
samples downstream, all within varying distances to the 
surfacing location. The sampling campaign was performed at 
night, using LED-based slick trackers, to exclude potential 
photooxidation caused by ultraviolet light emitted from the 
sun. Our goal was to track the changes in the sheen 
composition, and explain the corresponding weathering 
processes, for the oil that underwent these lateral transport 
processes. Oil sheens were extracted and analyzed on both, 
conventional one-dimensional gas chromatography (GC) and 
comprehensive two-dimensional gas chromatography 
(GC×GC) to detect changes in the molecular diversity and 
abundance of hydrocarbons. While GC analysis enabled us to 
decipher hydrocarbon decomposition on a broader scale, 
GCxGC has the capability to discriminate between isomers of 
the same compound. This, in particular, has shown to be useful 
for the analysis of polycyclic aromatic hydrocarbons (PAHs), 
which have many structural isomers (see Fig. 1). In this study, 
we examine differences in weathering between structural 
isomers of PAHs during rapid hydrocarbon degradation at the 
sea surface. 

 
Figure 1: Snapshot of a GC×GC chromatogram showing the 
first three out of six naphthalene series.  
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In recent years, the picture of the emergence of a solid 

crystalline phase from a supersaturated solution of ions has 
changed substantially and is still being heavily debated. There 
is increasing evidence that stable solute clusters play a pivotal 
role at the very onset of phase separation (i.e. nucleation) and 
that subsequently, a series of intermediate stages – varying in 
terms of structure and degree of hydration – can occur before a 
stable crystalline material is obtained [1]. These may include 
dense (solvent-rich) liquid phases resulting from binodal or 
spinodal demixing [2], more or less hydrated amorphous 
nanoparticles, as well as metastable crystalline polymorphs [3]. 
While most of the above-mentioned studies have focused on 
prominent biominerals like calcium carbonates or phosphates 
[1], less is known about other important mineral systems, as 
for instance calcium sulfate, a major scale-forming compound 
and widely used building material, which moreover is 
abundant in geological environments. Indeed, it has been 
suggested that growth of gypsum (the stable polymorph) is 
preceded by the precipitation of nanocrystalline bassanite (an 
actually metastable phase) [4] and/or certain amorphous 
precursor species [5]. However, details of the nucleation 
process itself have remained largely unexplored. 

In the present work, we have addressed this issue by 
performing titration-based crystallization assays that allow for 
tracing solution speciation in situ and in real time prior to, 
during and after nucleation [6]. The resulting data shed light on 
ion association equilibria in the liquid phase and indicate the 
presence of solute clusters, which are independently detected 
by means of high-resolution techniques like analytical 
ultracentrifugation. Using cryo-transmission electron 
microscopy, we are furthermore able to identify the key steps 
in the homogeneous nucleation of CaSO4 as well as the early 
stages of phase transformation and growth, all the way from 
dissolved ions and clusters to micron-sized gypsum crystals. 
The developed methodology can also be applied to 
quantitatively assess the influence of selected additives and/or 
external conditions on the distinct precursor and intermediate 
species along the proposed pathway, thus providing a 
potentially valuable tool to test and optimize crystallization 
modifiers, as well as to rationalize the formation of calcium 
sulfate sediments in natural settings. 

 
[1] Gebauer et al (2014), Chem. Soc. Rev., DOI: 10.1039/ 
C3CS60451A. [2] Wallace et al (2013), Science 341, 885-889 
[3] Rodriguez-Blanco et al (2011), Nanoscale 3, 265-271 [4] 
Van Driessche et al (2012), Science 336, 69-72 [5] Wang et al 
(2012), Chem. Commun. 48, 504-505 [6] Kellermeier et al 
(2014), Adv. Mater. 26, 752-757 
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It has long been a goal of computational geodynamics to 
understand the factors controlling the rate and efficacy of 
mixing in the mantle; this process is fundamental to 
understanding the origins and characteristics of the isotopic 
heterogeneity observed in oceanic islands and at mid-ocean 
ridges. The stretching and folding common to all kinematic 
mixing disperses heterogeneity mixing the mantle, and leads to 
the overal global homogeneity exhibited in mid-ocean ridges. 
However, a successful model of mantle convection must also 
explain the long-lived heterogeneity observed on all scales in 
oceanic basalts and the distinct sources observed in oceanic 
islands. The time and spatial scales of mixing are influenced 
by the kinematics of flow, plate motion, viscosity variations, 
compositional heterogeneity, and phase transitions. Chaotic 
mixing is observed in time-varying 2-D flows; by contrast, 
the factors controlling mixing in 3-D remain poorly 
understood. Here, an adaptive mesh finite element code, 
Aspect, is used to investigate mixing by convection in a 3D 
layer. Aspect is based on the Deal.II library and developed and 
is distributed through the Computational Infrastructure for 
Geodynamics (CIG). Models are run at a range of Rayleigh 
numbers, with and without temperature-dependent viscosity, to 
investigate the effect of these parameters on the resulting 
mixing. Before any investigation of mixing, each calculation is 
run long enough to eliminate the transient behavior associated 
with the choice of initial conditions. When the model achieves 
a quasi-steady state, massless tracer particles are introduced to 
investigate and allow visualization of the mixing. The tracers 
are then tracked over time. The resulting tracer distributions 
demonstrate that stirring may be rapid on a regional scale, 
while heterogeneities at the global scale are retained because 
of isolation across long-wavelength cells. Essentially, the 
regions of the flow that exhibit high rates of stretching and 
thinning have the most important influence on mixing over the 
entire convection system. The tracer distributions are 
visualized using a variety of techniques including volume 
visualization with tracers to reveal the complex, anisotropic 
structures that develop.  
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Stable isotope techniques were employed to trace sulfur 

and oxygen transformations as sulfate (SO4) from the iron 
mining region of northeastern Minnesota travels through the 
St. Louis River watershed. Chemical and biological reactions 
that can occur during sulfate transport are important due to the 
potential link between sulfate reduction and production of 
methyl mercury (MeHg), a toxic form of mercury that 
bioaccumulates in the food chain. Sampling during the 2012-
13 season took place at three locations on the St. Louis River 
and a number of mine-impacted tributary streams, wetlands, 
and lakes. Background sulfate concentrations in this region are 
typically ≤5 mg/L, with average δ34S and δ18O of 
approximately +6‰ and +4‰, respectively. Mine derived 
sulfate is distinct, characterized by considerably more negative 
δ18O, typically between ~-5 and -11‰. Previous work 
demonstrated that the overall mine-derived sulfate load to the 
St. Louis River is approximately 35 tons/day, while 
background sulfate contributes an average of 15 tons/day.  

Much, but not all, of the observed sulfate trends can be 
explained by mixing between these characteristic sulfate 
sources. We have also identified lake and wetland settings that 
are impacted to varying degrees by bacterial sulfate reduction. 
Our results indicate that an additional process is required to 
fully account for the downstream isotopic evolution of sulfate, 
which we refer to as “oxygen re-equilibration.” This process is 
associated with δ18OSO4 increases between upstream and 
downstream locations where a corresponding increase in 
δ34SSO4 is not observed, and can only partially be explained by 
mixing relationships. The oxygen re-equilibration process is 
particularly apparent where high-sulfate, low-DOC mine 
waters come into contact with low-sulfate, high-DOC 
background waters.  
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Atom probe tomography (APT) [1] has proven to be 
valuable for characterization of a range of materials types. The 
classes of materials that can be studied with APT has been 
broadening markedly since the introduction of modern laser 
pulsing to APT instruments about 2005 [2,3]. Whereas simple 
materials like metal alloys and silicon structures were the 
earliest candidates for study, materials of ever-increasing 
complexity have been the object of APT analyses since that 
time. Compound semiconductors such as GaAs, GaN, InGaN 
quantum wells [4], CdTe solar cells [5], and oxide 
semiconductors such as ZnO and AlZnO, and InSnO have been 
studied. Synthetic ceramics, including SiO2, CrO2, FeO, and 
Al2O3, have been studied in the past six years [1 cites many of 
these].  

These efforts clearly suggest feasiblity for analyses of 
geological materials but it was not until the past two years that 
actual efforts were initiated. This presentation will provide an 
overview of the basic operating principles of APT, and the 
process by which data are collected and analyzed. It will then 
examine the unique strenghts and the limitations of APT for 
geological analysis. These include sub-nanometer 
compositional mapping, isotopic sensitivity, and high 
analytical sensitivity (<10 ppm). Some of the recent example 
applications include:  
• Zircon geochronology where U/Pb isotope dating has 

been shown to agree very well with SIMS data and 
nanoscale microstructural features have geatly enhanced 
the understanding of the material’s history [6] 

• Magnetite and hydroxyapatite minerals as models for 
biominerals [7] 

Other examples will be shown to highlight the types of 
information that can be obtained from APT.  

 
[1] Kelly and Larson, Ann. Rev. Mat. Sci. (2012) 42, 1-31 [2] 
Gault et al., Rev. Sci. Instrum.	  (2006) 77:043705 [3] Bunton et 
al Microsc. Microanal. (2007) 13:418-27 [4] Choi et al 
Microsc. Today, (2012) 20(3), 18–24 [5] Larson et al Micros. 
Microanal. (2012) 18, 928-929 [6] Valley et al Nature 
Geoscience (2014) accepted. [7] L. Gordon, Ph.D. thesis 
Northwestern University (2014). 
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The biogeochemistry of Fe in many aquatic and terrestrial 

environments is driven largely by microbial activity, where Fe 
redox cycling by microorganisms is a significant component of 
C cycling and energy flux. In addition, FeIII-reducing 
microorganisms and the FeII they produce have profound 
implications for many processes in aquatic and terrestrial 
systems, including the dissolution and precipitation of 
minerals, the availability of nutrients such as phosphate, and 
the fate and transport of organic and inorganic contaminants. 
Because U, a radioactive cold war legacy contaminant, often 
exists at dilute concentrations in the subsurface and is redox 
active, it can serve as a sentinel to describe biogeochemically 
driven redox processes that naturally occur in the subsurface. 
The microenvironment at and adjacent to surfaces of actively 
metabolizing cells is difficult to define, can be significantly 
different from the bulk environment, and can exert crucial 
control on Fe and contaminant transformations. Therefore, we 
have performed a series of x-ray fluorescence microprobe 
(150-nm resolution), and electron microscopy measurements 
on lepidocrocite thin films that have been inoculated with 
dissimilatory metal reducing bacteria (Shewanella oneidensis 
MR-1 and Anaeromyxobacter spp.) and exposed to 0.05 mM 
uranyl acetate under anoxic conditions. Our results indicate 
that these microbial species can reduce UVI to UIV, both at the 
site of adhesion to the film and at distant points. The presence 
of UVI at the point of attachment of cells to the lepidocrocite 
film is consistent with U acting as an electron shuttle. The 
presence of a reduced U species at points away from the 
surface-adhered cells, and x-ray absorption fine structure 
spectroscopy measurement results of abiotic control samples 
containing oxidized U species and FeII, indicate the formation 
of entities of a biological origin that are distant from bacterial 
cells and capable of reducing U. 
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Miocene subduction-related basalts and basaltic andesites 
from southern Sardinia provide geochemical evidence for 
derivation from an enriched mantle source, with virtually no 
crustal contamination [1]. The rocks show remarkable 
correlation between SiO2 and 87Sr/86Sr, contrasting with most 
other arcs, including the Aeolian. Sardinian rocks appear to 
form a baseline trend from which other arcs diverge, 
intermediate between primitive Aeolian arc and lithosphere-
derived, Tuscan potassic volcanics. The distribution is thought 
to reflect different styles of mantle wedge enrichment, e.g. 
sediment melt vs aqueous fluid. While it has been argued that 
Hf isotopes offer a useful isotopic tool for “seeing through” the 
subduction process into the nature of the sub-arc mantle 
wedge, recent studiees have shown that this may not be the 
case for all tectonic settings, e.g. during subduction of young 
(hot) oceanic crust and/or when continent collision has slowed 
subduction rates so that slab temperatures increase to levels 
suitable for sediment melting. Here we use Hf isotopes and 
REE/Hf and LILE/Hf ratios to investigate the case of southern 
Sardinia. 
Results 

In Nd-Hf isotope space the samples plot within the 
Terrestrial Array, but at higher εHf for a given εNd ratio than 
other subduction-related rocks of central Italy; εHf values 
range from –7.4 to 8.4. The data form steep, near vertical 
arrays in Sm/Hf and Th/Hf vs εHf. High Th/Hf ratios (~2), 
combined with low Hf-isotope ratios, indicate relatively high 
sediment melt addition. Relatively low Sm/Hf ratios (down to 
1.2) suggest detrital sand-rich sediments rather than pure 
pelagic clays. The data are consistent with the geodynamic 
evolution of the western Mediterranean proposed by [2] in 
which Miocene orogenic volcanism accompanied by marked 
steepening of the subducted slab during late stages of 
convergence resulted in higher temperatures and sediment 
melting. Hence, in southern Sardinia, Hf did not behave as a 
“conservative” element during subduction and was mobilized 
by sediment melting.  

 
[1] Downes et al (2001) J Volc Geotherm. Res. 106, 1-21 [2] 
Beccaluva et al (2011) Lithos, 123, 218-224 
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The unknown extent to which submarine magmas 

assimilate seawater-derived volatiles has been a serious 
obstacle to investigating mantle volatile abundances: recent 
estimates for Bulk Silicate Earth (BSE) vary from ~1 to 35 
ppm Cl, which has important implications for infering the 
degree of Earth’s depletion in Cl, Br and I relative to CI 
chondrites, and for investigating accretionary processes in the 
solar system and early Earth.  

High precision Cl, Br, I and K analyses of submarine 
glasses, together with H2O and trace element data, enable 
assimilated components to be unambiguously resolved, and 
provide important inferences on the sources of halogens in the 
Earth’s mantle. The method has now been applied to 
submarine glasses from Atlantic, Indian and Pacific mid-ocean 
ridges (MORB), ocean island basalts (OIB) with variable 
3He/4He associated with EM1, EM2, HIMU and FOZO mantle 
end-members (Pitcairn, Society, Samoa, St Helena, Foundation 
and Baffin Island); backarc basin basalts (BABB) from Manus, 
Woodlark, N. Fiji and Lau and a boninite from the Tonga arc.  

Systematic co-variation of Cl, Br, I, K and H2O indicates 
lavas from the Galapagos Spreading Centre, NW Lau, central 
Manus, and Samoa assimilated seawater components in brines 
with 55±15 wt % salts. In these cases assimilation in crustal 
magma chambers accounts for up to 95% of the melts total Cl 
and 40% of the total H2O; whearas assimilation was not 
detected in melts at the other locations investigated. 

The expanded dataset for samples deemed free of 
assimilated seawater define indistinguishable MORB and OIB 
Br/Cl of (2.7±0.7)×10-3, I/Cl of (6±4)×10-5, and a median K/Cl 
of 17±6. Together with mantle K, and estimated surface 
inventory, these data refine BSE concentration estimates to 
17±7 ppm Cl, 60±40 ppb Br and 6±5 ppb I (2σ). BABB are 
distinguished from MORB by higher halogen content, low 
K/Cl and variably elevated I/Cl ratios that decrease across the 
arc and overlap the MORB range in subduction enriched 
BABB from 3/5 locations investigated. The data confirm the 
Earth is depleted in Cl, Br and I relative to CI chondrites, and 
reveal that halogens (concentrated in the surface reservoir) 
were introduced into the modern mantle almost exclusively by 
subduction.  
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The stratigraphic record of continental margin sediments 
indicates intermittent deposition of organic carbon rich rocks 
(ORR). Their basin wide persistence under anoxic conditions 
has led to the concept of oceanic anoxic events (OAE). By 
contrast, studies of other sediments show a first order 
relationship between mineral surface area (MSA) and total 
organic carbon (TOC) implying a mineral surface preservative 
effect. To understand the interplay of these two potential 
influences, we studied three examples of OAEs in which TOC 
varied against degrees of anoxia. The strongest relationship 
between MSA and TOC (R2 = 0.90) was recorded from 
Cretaceous OAE 2 sediments (Demerara Rise) that showed 
both the broadest range and highest value in TOC (7-20%) that 
varied through persistent anoxia. MSA:TOC was also 
positively related (R2 > 0.80) in the Devonian Woodford Shale 
and OAE 3 from the Deep Ivorian Basin, however where 
animal burrows indicated oxic conditions, TOC was 
significantly lower.  

These results indicate that mineral surfaces provide a 
short-lived preservative effect sufficient to increase TOC only 
where it occurs in combination with low oxygen conditions 
that exclude the irrigating effects of bioturbating organisms 
and thus reducing the duration of exposure to oxidants. TOC 
values > 5% are a function of clay minerals with high MSA in 
these examples, but when deposited in combination with 
anoxic conditions, TOC enrichment up to 20% occurred. 
Similar mineral compositions in adjacent laminated and 
bioturbated sediments show ~ 60% lower TOC while low 
MSA sediments show minimal TOC values in either laminated 
or bioturbated sediments. These results implicate sediment 
mineralogy as a defining characteristics of the organic 
enrichment in the OAE’s studied. Because MSA in these 
OAEs is dominated by detrital clay minerals derived from 
soils, changes in continental climate or weathering provenance 
played an equally important role in the TOC enrichment 
defining these OAEs.  
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Magmatic processes strongly modulate crustal growth and 

evolution in convergent margins, although the relative 
importance of processes such as fractionation, mixing and 
assimilation, and the locations within the crust where these 
occur remain a source of debate. Detailed studies of individual 
magmatic systems are valuable, however data compilations 
also provide important insights.  

A global compilation of igneous amphibole compositions 
(n > 2300) from convergent margins shows these are highly 
bimodal in composition (Al, Si Mn, Na, Ti and K contents, and 
molar Al/Si ratios). Bootstrap based corrections for sampling 
bias show that bimodality is highly robust and not an artefact 
of variable sample density. A high proportion (> 70%) of 
individual volcanic centers reveal bimodal amphibole 
populations, and overall bimodality is most pronounced in 
intermediate magmas (andesites and dacites).  

The compilation demonstrates that on a global scale 
crystallization of amphiboles in arc volcanics is dominated by 
two distinct environments: (i) crystallization from felsic 
magmas (Al/Siliquid ~0.21) at relatively shallow crustal depths 
(~4-6 km); and (ii) from hotter and more mafic melts (Al/Siliquid 
~0.32) within the middle crust (~8-14 km). These depths also 
agree well with geophysical estimates of magma storage in 
active arc volcanoes.  

Comparison with experimental studies of phase equilibria 
suggest that deeper crystallization of amphibole occurs within 
ascending hydrous mafic magma, which saturate with 
amphibole after moderate degrees of crystallization. Shallow 
amphiboles crystallize from crustal melts emplaced at 
relatively shallow crustal levels. In many instances these two 
types of amphibole occur in the same erupted magma, 
indicating extensive mixing between these two magmatic 
sources.  

The highly bimodal nature of the amphibole distribution, 
and the presence of bimodal amphibole populations in many 
intermediate magmas is difficult to reproduce by models that 
argue for progressive fractionation of mantle-derived melts to 
produce the bulk of intermediate magmas in subduction zones. 
The observed distribution can be generated by mixing between 
mafic magmas, ultimately derived from the mantle, and more 
silicic magmas generated by melting within the arc crust, 
suggesting this is a dominant process in the formation of arc 
magmas. 
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by Fe hydroxide plaques 
M. KERSTEN1 AND B. DAUS2 

1Gutenberg-University, Mainz 55099, Germany  
(*correspondence: kersten@uni-mainz.de) 

2Helmholtz-Center UFZ, Leipzig 04318, Germany 
(birgit.daus@ufz.de) 

 
Processes affecting the mobility of the organoarsenical 

DMA agent in the rhizosphere in presence of a strong sorbent 
like the Fe plaques on rice roots were elucidated by a surface 
complexation adsorption modeling approach. Experimental 
batch equilibrium data show that DMA is strongly adsorbed in 
the acidic pH range only, and show a steep adsorption edge in 
the circumneutral pH region between the DMA acidity 
constant and the point-of-zero-charge value for the adsorbent. 
Published spectroscopic and molecular modeling information 
suggest DMA to form bidentate-binuclear surface complexes 
with Fe hydroxides similar to the inorganic As oxyanions. 
Based on this information, a 1-pK CD-MUSIC model was 
fitted to the experimental adsorption vs. pH data with a single 
inner-sphere complex. The same was done for the silicate-
goethite system. Both individual DMA and Si CD-MUSIC 
models were then merged to predict the binary DMA/Si 
behavior. Silicate was thus predicted to strongly compete for 
DMA which may mobilize up to 50% of the organoarsenical at 
a pH 6. This model prediction could well be verified 
subsequently by experimental batch equilibrium data (Fig. 1). 
This behavior may add to the increase of the DMA proportion 
in rice grains observed upon rice husk or silica amendment.  

 

Figure 1: CD-MUSIC results for 50 µM DMA adsorption in 
10 mM NaNO3 with 2 g/L goethite suspension, without Si 
(solid line) and with 0.5 mM silicate added (dashed line). 
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Interactions between goethite surfaces and MCPA were 
studied using density functional theory (DFT) calculations. 
Different surface OH groups and MCPA proton states were 
used to mimic effect of pH on the theoretically possible outer- 
and inner-sphere surface complexes, their binding energies and 
bond lengths. Modeling not only a solvated but also the 
protonated surface provided a major breakthrough showing 
that there were energetically optimized hydrogen bonded 
MCPA structures on the predominant (110) goethite surface. 
Both an outer-sphere complex with the MCPA anion and a 
monodentate inner-sphere complex with the neutral MCPA 
molecule were found as the most energetically stable. The DFT 
modeling results predicted the latter forming by sharing one of 
the oxygens between the MCPA carboxylate group and a 
singly coordinated surface hydroxyl group, releasing a H2O 
molecule (Fig. 1). All the other complexes including the 
bidentate inner-sphere option had higher relative energies and 
were therefore less likely. The two most probable structures 
were used to constrain a surface complexation model using 
charge distribution CD-MUSIC parameters according to the 
Brown bond valence concept with the DFT-predicted surface 
complex structures. Their adsorption constants were fitted to 
experimental batch equilibrium data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: DFT optimized model of inner sphere complex  
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The area of this study is located in part of ShahReza-

Abadeh-Hambast horstic belt. This belt is consists of many 
Iranian clay deposits(including Abadeh deposits). fire clay 
layers of the area are placed within a sequence of Upper 
Devonian shale and sandstone to Carbonifer and Permian 
periods.  

This study was conducted in two stages: 
(i)Perospecting (ii) semi-detailed  
In the semi-detailed (ii) studies were conducted on fire 

clays with the highest percent of AL, because REE in these 
samples have had highest persent. 

Original nature of pyrophillitic clays (pyrophillitic schist) 
in north of the Fars province are volcanic rocks to the deep 
half. 

In parts of the Esteghlal-e- Abadeh Mine trachyandesite to 
be out crop, which have different phases of alteration from 
Devonian to the present day occured . 

The alteration and weathering of rocks are developing in 
these minerals like : Pyrophillite, kaolinite, illite, muscovite 
,rutile, titanite, carbonates, hematite and lesser amounts of 
chlorite and gypsum in a variety of fire clay types ranging 
from white to dark gray, brown and lemon. 

Pyrophillitization of volcanic rocks were the cause of 
enrichment of REE in the fire clay of area. between LREE and 
HREE, LREE show more enrichment. 

The correlation coefficient between the elements shows 
AL-bearing minerals (Pyrophillite and kaolinite) and clay 
minerals, especially potassium type (illite) and muscovite 
,rutile, titanite are mostly and gypsum and chlorite are least 
likely to host REE in the area. A drawing of Fe + Ti vs. Cr + 
Nb suggests supergene provenance of area deposit. 

Fire clay quality in terms of higher AL and lower Fe and 
other impurities from the Devonian to the Carbonifer and 
Permian were decreases.Due to lower aluminum ,concentration 
of REE especially LREE in rocks of this period have 
decreased. 
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Computational analysis of the geometry of elongate 

radiation damage zones from alpha recoil and fission provides 
new estimates of the doses required to reach percolation and 
full connectivity in zircon. Alpha recoil track damage 
percolates at doses from 2.5-3.1 x 1016 α/g, about two orders of 
magnitude lower than previous estimates, with the difference 
partially due to elongation, which previous modeling 
neglected, and partially due to decay chains creating pre-made 
networks of connected tracks. This dose level is far below that 
required for metamictization, and suggests that alpha recoil 
track percolation has no effect on macroscopic or unit cell 
properties, at least as measured to date. However, fission tracks 
percolate at a dose of approximately 1.9 x 1018 α/g, similar to 
the level formerly ascribed to alpha recoil damage percolation 
and correlating with various transitions in material properties, 
such as an inflection in the relationship between dose and 
macroscopic swelling. Consideration of the undamaged 
regions between damage zones indicates that c-axis-parallel 
channels are frequently interrupted by alpha recoil damage, at 
the µm scale at very low doses and 10’s of nm at usual doses 
in natural zircon, with the probable effect of decreasing 
diffusivity anisotropy. The percolation and further 
interconnectivity of alpha recoil damage corresponds with a 
general minimum in diffusivity and maximum in (U-Th)/He 
closure temperature in zircon, indicating that alpha recoil 
damage percolation does not make a grain “leaky.” Instead, the 
onset of poor He retentivity at high damage levels correlates 
with fission-track percolation. These results, combined with 
the observation that measurements thus far indicate little 
diffusivity increase over more than an order of magnitude of 
damage accumulation, are non-intuitive with respect to the 
trapping mechanism for He diffusivity reduction. Increasing 
the tortuosity of diffusional pathways is an alternative 
mechanism for explaining the decrease in diffusivity at low 
doses. Increasing diffusivity at high damage levels may be 
partly explained as a change in the length scale of diffusion on 
the subgrain scale, due to the decrease in the mean distance 
from any point within the grain to the percolating fission-track 
damage network. 
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Morphology and development of lava 
tumuli from monogenetic basaltic 

volcanic field, Baharyia Depression, 
Western Desert, Egypt 
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The lava tumuli from the monogenetic basaltic volcanic 

fields, Baharyia Depression is reported for the first time. The 
studied volcanic fields are associated with compound flows 
near the vents that are characterised by a tube network, sky 
lights, ephemeral vents and turnuli. During discontinuous 
activity discrete, channel-fed aa flow units in near-vent 
position often form fan-shaped flow fields that resemble vents 
effused by spatter-fed or clastogenic lava. These flows resulted 
from (a) reconsrimtion of fountain-generated spatter around 
vents by syn-depositional agglutination and coalescence, and 
(b) syn-eruptive collapse of rapidly grown spatter and scoria. 
Numerous tumuli and break-outs of lava formed in the fan-
shaped flow fields. In the studied lava shields three types of 
tumuli have been identified: (I) lava-coated tumuli, (2) upper-
slope tumuli in near-source regions, and (3) flow lobe tumuli 
in the distal areas (in all studied areas). The widespread flow-
lobe tumuli in the studied fields confirm the general agreement 
of low lava-supply rates. Flow-lobe turnuli areinterpreted to 
have been supplied with magma from tubes that originate in 
overflow from and through flank fissures connected with the 
lava lake of shield volcanoes. 

The major tumuli on the fan complex show distinct dilation 
fractures.The fracture surfaces provide good exposure of the 
crust and three distinct zones are recognized: an upper zone 
showing columnar jointing, a middle zone consisting of planar 
fracture surfaces and a basal zone with distinctive banded 
planar fracture surfaces showing evidence of both brittle and 
ductile formation.Using these data a model is proposed for 
tumulus growth. Field analysis of the fan complex shows how 
it was fed by a branching tube system, leading to flow 
thickening, formation of tumuli and numerous pressure-ridges. 
 

Keywords: volcanic fields; tumuli morphotypes; Baharyia 
Depression; dilation 
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Understanding the variability and complex interplay of 

volcanism, tectonism, and sedimentation is crucial for 
unraveling the evolution of sedimentary basins and 
volcanotectonic depressions in many settings. The Miocene 
Abu Terifia Basin in North Egypt, formed in association with 
extensional tectonics, is filled by abundant volcanic deposits 
intercalated with fluvio-lacustrine sedimentary deposits. Four 
lithostratigraphic units (Units I to IV in ascending order) are 
identified in the Abu Terifia basin, including extensive and 
voluminous lapilli tuffs (Units II and IV) and mixed basaltic 
volcaniclastic and epiclastic sedimentary deposits (Units I and 
III). These units suggest repetitive basaltic emplacement  
onto a braided-stream to lacustrine environment. Paleoflow 
measurements show that the epiclastic conglomerates were 
deposited by a north-flowing fluvial system that debouched 
from a drainage area to the south of the basin, whereas the 
basaltic rocks were introduced from the east. Because of the 
separate source areas, the epiclastic and volcaniclastic 
depositional processes did not interfere with each other, 
resulting in discrete alternations of epiclastic and mostly 
primary volcaniclastic deposits. The studied succession also 
lacks an aggradation–degradation cycle, which results from the 
alternation of periods of rapid volcaniclastic sedimentation and 
relatively longer periods of fluvial incision. The volcaniclastic 
and epiclastic deposits are therefore interpreted to have 
accumulated in rapid succession, in association with rapid 
basin subsidence and contemporaneous basalt-forming 
eruptions. The studied succession can thus be regarded as a 
syntectonic sequence, in which the stratal geometry was 
significantly modulated by tectonostratigraphic controls, with 
overprints of syntectonic contemporaneous volcanism. 
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The Neoproterozoic Allaqi-Heiani suture (800-700Ma) in 

south Eastern Desert (SED) of Egypt is the northernmost linear 
ophiolitic belt that defines an arc-arc suture in the Arabian-
Nubian shield (ANS). The Neoproterozoic serpentinized 
peridotites represent a distinct lithology of dismembered 
ophiolites along the Allaqi-Heiani suture zone. These 
serpentinized bodies and sheets spread in Gabal Shikeyit, Wadi 
Haimur and Wadi Umm Araka at the north part of Wadi Allaqi 
district. The abundance of bastite and mesh-textured 
pseudomorphic olivine in the studied peridotites suggests 
harzburgite protolith. The fresh cores of the chromian spinels 
are rimed by ferritchromite and Cr-magnetite. Spinel minerals 
show either a continuous transition from Al- and Cr-rich cores 
towards rims enriched in Fe3+ and Cr, or display an abrupt 
compositional change from a chromian spinel cores to 
ferritchromite and Cr-magnetite. The fresh chromian spinels 
have high Cr# (=[Cr]/([Cr]+[Al])=0.62 to 0.79), while a wider 
variation in Mg# (=[Mg]/([Mg]+[Fe2+])0.35-0.59). High Cr# 
in the relict chromian spinels and Fo in the primary olivines 
indicate that they are residual peridotites after extensive partial 
melting and originated by sea-floor spreading during 
subduction initiation process. The studied ophiolitic upper 
mantle peridotites are highly depleted and most probably 
underwent high degrees of partial melting at a supra-
subduction zone setting. They can be produced by up to ~ 20-
22% closed system dynamic melting of a primitive mantle 
source.  
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Numerous quartz and calcite veins cris-crossed 23 Ma old 

sedimentary sequences of the Ladakh Accretionary Prism 
(LAP). These veins were formed through the fault planes due 
to tectonic deformation. Knowledge of source of these vein 
fluids would constrain history of tectonic activity along the 
Indus Tsangpo Suture Zone (ITSZ) since penultimate stage of 
the Himalayan Orogeny and help validate its proposed models. 
The veins of LAP (transverse section from Indus thrust to 
Zanskar thrust) have been studied by analysing a suit of 
isotopes (C, O, Sr and Pb) to determine their source. The δ13C 
and δ18O values of calcite veins are akin to the mantle field[3], 
near Indus thrust, which were fractionated toward Zanskar 
thrust. The δ13C and δ18O composition of calcite veins from 
Indus thrust to Zanskar thrust varies from -13.2‰ to -
0.7‰(VPDB) and 10‰ to 21.2‰(VSMOW) due to alteration/mixing 
processes. The δ18O values of quartz veins display a range of 
12.9‰ to 23.5‰(VSMOW), confirming its magmatic source[2]. 
The 87Sr/86Sr ratio of the calcite veins varies from 0.705 to 
0.709 that becomes more radiogenic from Indus thrust to 
Zanskar thrust. 87Sr/86Sr ratio of calcite near Indus thrust is 
about 0.705-0.707, showing affinity to the mantle field and is 
similar to the adjacent Ladakh magmatic arc (0.703-0.707)[4]. 
The 206Pb/204Pb ratio of these veins ranges from 18.5776 to 
18.7542 whereas 207Pb/204Pb ratio varies from 15.6402 to 
15.7154. The 208Pb/204Pb shows small variation in range from 
38.8309 to 39.2225. Both Sr and Pb isotope compositions of 
these vein carbonates display close resemblance to Enrich 
Mantle 2 (EM2) field[1].  

This study indicates that the vein forming fluids are 
derived from the mantle through the downgoing slab of the 
Indian plate due to tectonic deformation. The isotopic study of 
the veins of LAP, for the first time, reveal the presence of 
mantle related fluid movement taking place post 23 Ma, 
confirming continued tectonic activity along this region even 
after penultimate stage of the Himalayan orogeny. 
 
[1] Hart (1988) EPSL, 90, 273-296. [2] Smith et al (1991) GSA 
Bulletin, 103, 559-569 [3] Taylor et al (1967) GCA, 31, 407-
430 [4] Weinberg and Dunlap (2000) The Journal of Geology, 
108, 303-320 
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The fertile lherzolites (Types I and II) are dominant in the 
north (Wadi Ajran) and central (W. Sarami and Hawasina) 
Oman ophiolite, whereas depleted lherzolites to harzburgites 
are abundance in the south (Fanjah,Chunayb,Halfayn) Oman 
ophiolite. Basal lherzolites show heterogeneous distribution 
along the metamorphic sole and provide us with meter-scale 
(<50 m) lithological and chemical heterogeneities. Cpx of 
Type II lherzolites shows higher contents of Al2O3 (4.5–8.0 
wt%), Na2O (0.6–1.5 wt%) and TiO2 (0.2–0.5 wt%), but low in 
spinel Cr# (0.07–0.2) than those of Type I. Primary spinel of 
these peridotites shows a wide range of Cr#, 0.07 to 0.5, 
covering the entire chemical range of spinels in abyssal 
peridotites. Their Cpx HREE contents and spinel chemistry 
suggest two melting trends, 1−8% melting for type II lherzol- 
ites and 5−12% for type I, followed by higher-grade partial 
melting, 12−25%, to form harzburgites. Lherzolites and 
harzburgites in the south Oman ophiolite are depleted as 
compared with those from the north-central parts. Their spinel 
Cr#s display a wide range from 0.15 to 0.35 for the former and 
0.3 to 0.65 for the latter, suggesting high degrees of partial 
melting in the south ophiolite. Lherzolite Cpx shows lower 
contents of Al2O3 (2.2–4.6 wt%), Na2O (<0.3 wt%) and TiO2 
(<0.2 wt%) than those from the northern part. The Cpx HREE 
contents and spinel-olivine chemistry suggest a continuous 
melting trend beginning with 5−15% melting for lherzolites to 
15%−30 for harzburgites. The compositional variation of 
lherzolites from north to south Oman reflect heterogeneous 
compositions of sub-oceanic mantle as a source, whereas their 
heterogeneous distribution is possibly due to a heterogeneous 
structure of ridge segment cut by fracture zones. These oceanic 
fractures are trapped and exposed some parts of athensopheric 
materials (Type II) at the base of lithospheric mantle (TypeI) 
during detachment. Chondrite (CI)-normalized REE patterns 
for Cpx (1−10 CI times for HREE) in the investigated 
peridotites are convex upward with strong LREE depletion due 
to their residual origin, similar to abyssal peridotites from a 
normal ridge segment. The hydrous peridotites after lherzolites 
have been formed as a result of LREE-rich fluid metasomatism 
from the slab. The edenite-tremolite exhibits a spoon-shaped 
pattern with LREE enrichment. The Cpx and hydrous phases 
are enriched in B, Li, Cs, Rb, Pb and Sr due to influxed fluids 
during detachment and emplacement stages. 
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New primary calcium uranate phases were identified in the 

varicolored marble of central Jordan. The calculated structural 
formulae of the six high temperature phases are Ca2UO5, 
Ca3UO6, Ca4UO7, Ca5UO8, Ca3U2O9 and Ca6UO9. These results 
are different from vorlanite (CaUO4, UO3 84.06 wt%, CaO 
16.65 wt %) [1]. Crystallization of calcium uranate phases in 
central Jordan is the result of oxidation of U+4 from the 
combusted bituminous and P-enriched marl into U+6 under 
high oxygen fugacity. A set of typical pyrometamorphic 
minerals associated with new identified calcium uranates 
strongly supports the high temperature event in central Jordan. 
They are fluorapatite, fluorellestadite, spurrite, fluormayenite, 
dorrite, tilleyite, brownmillerite (Cr, Ti, Zn-bearing), periclase 
(Zn, Ni, Co, Cu–rich), perovskite, shulamitite, Ca ferrites, and 
exotic accessories: lime, CdO (monteponite?), (Ca,Cd)O, 
(Zn,Cd)O, ZnO, cassiterite, cerianite (Ce,Th)O2, lakargiite 
(Ca(Zr,Ti,U)O3). Rock-forming mineral assemblages are 
similar to those associated with vorlanite and lakargiite in the 
skarn xenolith of Mt. Vorlan, and the pyrometamorphic rocks 
of Jabel Harmun, Palestinian Authority, whereas U, Zn, Cd, Th 
and Ce mineralization is quite unique. The impure calcium 
uranates with Si, Fe, Al, and F could be related to a later stage 
of alteration. The high temperature primary minerals could 
have reacted with the highly alkaline circulating meteoric 
water to form impure crystals. Case studies from Jordanian 
natural sites will be useful for predictions regarding the long-
term fate of uranium in concrete waste forms. 
 
[1] Galuskin, Armbrusteter, Galuskina, Lazic, Winiarski, 
Gazeeeev, Dzierżanowski, Zadov, Pertsev, Wrzalik, Gurbanov 
& Janeczek. (2011), American Mineralogist, 96, 188–196 
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High arsenic (As) concentrations in the Holocene alluvial 
aquifers of SE Bangladesh are one of the main obstacles to 
ensuring safe drinking waters to the rural people. Our study 
examines variation in microbiology and sediment and water 
geochemistry with depth along a transect in Matlab, 
Bangladesh. For our study, we collected two sediment cores, 
one in North Matlab and one in South Matlab. The cores 
ranged up to 110m in depth and were collected in the 2013 
post-monsoon season. Groundwaters from existing piezometer 
were Ca–Mg–HCO3 type in the shallow aquifers, Mg-HCO3 
type in the intermediate depths and Na-K-Cl in the deeper 
aquifers. Sediment grain size and color were important 
parameters to consider because those are reflections of 
microbial community, mineralogical makeup and extent of As 
contamination. More than 101 bacterial families were present 
in the 8 sediment samples from South Matlab Core, and less 
than six families out of them comprised more than 5% of the 
community. Comamonadaceae and Moraxellaceae were 
commonly detected, but their percent abundance differed with 
depth. Some of the sequences from each sample grouped in 
families that contain species capable of metal  
reduction, including Rodocyclaceae, Enterobacteriaceae, 
Aeromonadaceae and Acetobacteraceae were the families 
capable of Fe and other metal reduction. Operational 
taxonomic unit (OTU) based beta diversity analyses showed 
that 92m and 110m samples were in same group which 
represents medium to coarse grain sand and having light gray 
color (white). Dissolved As at this depth is less (<10 µg/L, 
hence a safe aquifer for future drilling). A different group of 
microbial community was common within by 10m and 27m 
samples. These two depth sediments are highly micaceous (~5-
10%), and are of fine sand size and showing gray color (black). 
Arsenic concentration in this aquifer was 150-230 µg/L. The 
last group comprised of 45m, 65m, 81m and 100m depth 
samples. These are dark gray color (Black, according to 
Munsell Chart), sediment size was mainly clayey and silt and 
dissolved As concentrations at these depths were within 350-
650 µg/L. We found significant relationships between bacterial 
community structure, grain size fractionation, dissolved As 
concentration and sediment C, Mn, and Fe concentrations for 
these samples from Matlab. A possible explanation can be that 
total C, Mn and Fe may control the release of aquifer As from 
sediments to groundwaters, but the process is also dictated by 
the composition of the bacterial community within those 
depths of sediments 
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Recent atmospheric environment in the East Asia region is 

obviously worse than that in a few decades ago. The 
industrialization and economic development of the East Asian 
Nations since the 1970s increased air pollutants. Meanwhile, 
the expansion of arid zone and degradation of soils in the 
Asian Continent, especially in the mid-latitudes, cause dust 
storms to occur more frequently. Nowadays, anthropogenic 
pollutants have been transported a long distance with dust 
particles by the Asian dust storm events. Contrary to the other 
East Asian Nations, Japan experienced the worst air pollution 
in the 1950s and 1960s, since large amounts of pollutants had 
been emitted into the air with growing industrialization and 
with relatively loose regulations in those days. Thus, sources 
of air pollutants and factors controlling the atmospheric 
environments in Japan in the mid 20th century may differ from 
those in recent years. In this study, we discuss factors 
controlling the atmospheric environments in Japan about 50 
years ago, the time of a high economic growth, based on the 
chemical and isotopic compositions of the atmospheric 
deposits. 

The monthly atmospheric deposits in Fukuoka, northern 
shore of the Kyushu island located on the southwestern part of 
the Japanese Islands, in 1964 and 1965 were subjected to this 
study. The chemical compositions and Sr, Li and Pb isotope 
compositions in the deposit samples were determined. 

The analytical results revealed that both the Li isotope ratio 
(7Li/6Li) and Pb isotope ratios (207Pb/206Pb, 208Pb/206Pb) in the 
atmospheric deposit samples varied seasonally and temporally, 
through the 24 months. The Li isotope ratio shows good 
correlations with the concentrations of Li, Ca and Sr. Unlike 
those isotope ratios, Sr isotope ratio (87Sr/86Sr) showed no 
significant variation within analytical uncertainty. The 
seasonal variation in the Li isotope ratio may be attributed to 
mixing of sea salt, coal fly ash and mineral dust. The Pb 
isotope ratios are probably affected by exhaust gases from 
automobile using leaded gasoline, and their variation may be 
attributed to that of coal-derived soot. 
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Extensive gold and silver mining throughout the state of 

California has left an environmental legacy of exposed mine 
wastes containing elevated levels of toxic metals and 
metalloids including arsenic (As), a known carcinogen. These 
mine tailings, particularly the fine-grained size fractions, are 
susceptible to weathering and windborne transport, 
significantly increasing the spatial extent of contamination in 
topsoils and potential exposure of humans to toxic 
metal(loid)s.  

Surface enrichment of arsenic in soils was determined by 
collecting samples at depths of 0-5 cm and 5-10 cm below the 
surface. Twenty residential lots in Red Mountain, CA were 
also sampled at depths of 0-5cm, 5-15 cm, 15-30 cm, and >30 
cm. Distance from a tailings pile was also determined for these 
samples to determine that As concentrations correlated with 
wind direction. These depth-based field sampling of soils 
surrounding several abandoned mines in the Mojave Desert 
(southern CA) have identified an exponential decline in As soil 
enrichment with increasing distance from tailings piles 
consistent with prevailing easterly wind directions.  

In vitro extraction studies using a phagolysosomal simulant 
fluid (PSF), mimicking the inhalation of the most finely-sieved 
size fraction of selected samples (≤20 µm), indicate that initial 
solid As concentration is the strongest indicator in predicting 
the concentration of As released in the lung. When extraction 
data are incorporated into exposure risk assessment 
calculations, the majority of samples investigated exceed both 
cancer risk thresholds and non-cancer-related minimal risk 
levels (MRLs) based on long-term chronic exposure to 
airborne mine tailings dusts. This suggests that long-term 
residents of communities located close to these abandoned 
mine sites, especially those who reside downwind (i.e. east) of 
mine tailings piles, face possible health effects due to the 
inhalation of fine-grained mine tailings mobilized through 
aeolian processes. 
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The fate, transport, and bioavailability of toxic elements in 

mine wastes are often considerably enhanced in the finest-
grained particle size fractions [1]. For example, the natural 
enrichment of arsenic in gold deposits has led to an 
environmental legacy of arsenic contamination in abandoned 
mine tailings (processed ore) throughout the western US, with 
fine-grained arsenic-bearing particles transported by both 
windborne and fluvial processes from tailings piles to 
surrounding background regions. 

The environmental risk posed by fine-grained mine tailings 
particles is enhanced by a combination of 1) increased mobility 
through physical and chemical weathering processes; 2) 
enriched concentrations of potentially hazardous trace 
metal(loid)s with decreasing particle size, and 3) increased 
exposure pathways of fine-grained particles, particularly those 
that can be ingested (≤250 μm), respired (≤10 μm), and 
delivered deep into the lung cavity (≤2.5 μm). 

We have conducted extensive field, lab, synchrotron, and 
in vitro extractions simulating ingestion and respiration 
pathways of fine-grained mine tailings to understand the 
distribution, transport, and potential toxicity of arsenic in 
mining environments throughout the state of California. 
Selected findings from recent studies include: 
• Intense and episodic precipitation or wind events mobilize 

mine wastes downstream, downslope, and downwind, 
causing an exponential decline in As enrichment as distance 
from the source increases; 

• Initial solid arsenic concentration in a given mine waste 
material or size fraction is the strongest indicator in 
predicting the bioaccessibility of arsenic; 

• Rainfall volume increases fluxes of arsenic-bearing 
sediments but decreases arsenic bioaccessibility, likely 
through dissolution of more soluble As phases; 

• Arsenic exposure through inhalation of respirable particles 
represents the highest probability of exceeding health risk 
thresholds established for long-term chronic exposure. 

 
[1] Csavina et al (2012) Science of The Total Environment 
433, 58-73  
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California’s mid-19th century gold (Au) rush produced 
incredible wealth and left a rich historical legacy. The 
contamination of water, sediment, and biota by Arsenic (As) 
and mercury (Hg) is part of the environmental legacy 
associated with historic mining in California.  

Cinnabar (HgS) deposits were mined in the Coast Ranges. 
The Hg(0) produced on site was transported to the Sierra 
Nevada and used to extract Au by amalgamation. Hg(0) was 
lost from sluices and undercurrents at placer Au deposits 
mined by hydraulic and dredging methods and from stamp 
mills at low-sulfide Au-quartz deposits mined primarily by 
underground methods. Methylmercury, formed by microbial 
methylation of Hg(II), is a potent neurotoxin that biomagnifies 
up the food chain, creating health risks for consumers of high-
trophic level fish. 

Environmental As contamination in the Sierra Nevada is 
related primarily to mining of low-sulfide, Au-quartz vein 
deposits, which include arsenian pyrite and arsenopyrite. 
Oxidation of these phases produces inorganic As(III) and 
As(V), both known carcinogens. Pathways of human As 
exposure include ingestion through ground water and soil, and 
inhalation of As-rich particles from soils and mine wastes. 

Synchrotron-based spectroscopic techniques have been 
vital in the study of the aforementioned environmental 
impacts.They have enabled in situ, trace-level identification of 
the chemical forms of Hg and As in diverse solids (e.g., mine 
wastes, fish tissue, human fingernails). 

The environmental legacy of California’s gold rush 
presents challenges to economic and social development in 
certain areas. Similar legacies exist worldwide, especially in 
areas of historic and modern artisinal Au and Hg mining. 
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The growing use of fossil fuels and fertilizers during the 

past ~5 decades has increased the concentration of reactive 
nitrogen species in environments throughout the world. 
Quantification of nitrate (N) concentration changes in the 
major ocean basins arising from these anthropogenic nitrogen 
deposition has not been explored on a basin-wide scale due to 
a lack of adequate oceanic measurements. Here, we used the 
nutrient concentrations and ventilation age of a water parcel 
(the time passed since the water parcel last contacted the 
atmosphere, determined from dissolved chlorofluorocarbon-12 
measurements), to reconstruct the recent evolution of the 
excess of N (relative to phosphate, P) in the upper water 
column of the North Pacific and North Atlantic. Excess N in 
the mid-latitude regions, located downwind of the source 
continents, has increased considerably since the 1960s. The 
excess N was found to be highest in the vicinity of the source 
continent, and values decreased eastward, consistent with the 
distribution of airborne anthropogenic N. The increase in N 
availability will switch extensive parts of the major ocean 
basins from being N-limited to P-limited. 
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We present the copper isotope signatures of hydrothermal 

vents collected from four different back-arc and island-arc 
settings in the western Pacific; the Eastern Manus Basin, the 
North Fiji Basin, the Northeastern Lau Basin, and the Tonga 
Arc. δ65Cu of thirty-one Cu-sulfides (mainly chalcopyrite) 
from seven venting sites range between -2.45 and +1.13‰. 
Molten sulfur containing covellite formed via volcanic 
sublimation [1] show very narrow δ65Cu values near 0‰, 
suggesting little or no fractionation occurred during the vapor 
transport of magmatic copper. Conversely, the spread of δ65Cu 
values observed in chalcopyirte of hydrothermal chimneys 
indicates significant fractionation of copper isotopes during 
their formation.  

Formation of hydrothermal system in the convergent 
margin is characterized by higher contribution of magmatic 
volatile, such as SO2, which results in enrichment of copper 
and other volatile metals. However, the copper isotope 
composition of chalcopyrite is not likely to be affected by the 
degree of magmatic contribution at the individual vent sites, 
which can be supposed by a lack of correlation between copper 
isotopes and sulfur isotopes. Therefore, the observed copper 
isotope variation can be attributed to the copper isotope 
fractionations during the alteration and redox reations 
associated to the maturation of venting sites near surface (i.e. 
[2, 3]). 

 
[1] Kim et al (2011) Geology, 39, 351-354 [2] Rouxel et al 
(2004) Economic Geology, 99, 585-600 [3] Pekala et al (2011) 
Chemical Geology, 289, 31-38 
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 In this study, the adsorbent material which made by 

lithium manganese oxide–based have been developed for the 
recovery of lithium from seawater. To maximize the recovery 
efficiency, it is important to prevent microfouling of lithium 
adsorbents by marine bacteria [1]. To understand of marine 
biofouling by bacterial communities on the lithium recovery 
adsorbent’s surface, on-site experiment carried out in Sacheon 
Harbor, Gangneong, Korea. The lithium recovery adsorbents 
were devided into the polymer resorviors to immersing in 
seawater for a certain period of time. The biofilm which was 
developed on the surface of lithium adsorbents were collected 
by 10-day, 30-day after. Marine biofilme were collected and 
cultured in marine broth, isolated and identified by 16S rDNA. 
Alteromonas sp., Pseudoalteromonas sp. and Vibrio sp. were 
dominant species both adsorbents and polymer resoirvoirs. 
CLSM (confocal laser scanning microscope) and SEM-EDS 
was used to detect the degree of defacement on surfaceof 
lithium manganese oxide. Dissolution experimnet was 
desigined to varify the chemical stability of lithium manganese 
oxide as a sustainable adsorbent from leach soultion with 
metals present. For the analysis of every elements from 
dissolution of adsorbent was based on duration of exposure 
and material size. ICP-OES was applied for the varification of 
elements analysis results such as arsenics.  
 
Acknowledgement 
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1] Kim et al (2013) E G & H, 35, 311-315 
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Water-soluble organic carbon has often been found to be 

an important component of atmospheric fine particles from 
secondary organic aerosol (SOA). In order to better understand 
the transport of airborn particles from distant sources, PM2.5 
samples were collected periodically at Gosan supersite on Jeju, 
South Korea from 2009 up to the present time. To determine 
the properties of water-soluble organic carbon (WSOC), 
preliminary test were carried out using Total Suspended 
Particle filter. Filter samples (quartz fiber, O.D 17 mm × 3) 
were extracted 15 mL Milli-Q water under ultrasonication (10 
min, three times). WSOC was quantified using a total organic 
carbon (TOC) analyzer. For speciation analysis of organic 
compounds, the extracts were concentrated to dryness using 
freeze dryer and then derivatized with MSTFA (N-Methyl-N-
trimethy- silyltrifluoroacetamide+1% trimethylchlorosilane). 
Finally organic carbon compounds were analyzed with GC-MS 
scan mode. We observed several haze and pollution events 
during the experimental periods in Jeju, and analysis is in 
progress.  

 

Figure 1. Composition of WSOC analized by GC-MS scan 
mode 
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Naturally occurring asbestos (NOA) occurs in rocks and 

soil as a result of natural geological processes. The objective of 
this study was to characterize naturally occurring asbestos in 
soil from Susan, Jecheon, S. Korea. 

The geological setting of Susan area consisted of dolomite, 
limestone and lime-silicate rock of the great limestone series of 
Ordovician, afterward, biotite granite of Bulguksa series of 
Cretaceous intruded in part. The dolomite was hydrothermally 
altered by the intrusion of biotite granite. Soils containing 
NOA sampled from three areas: (1) a soil sample weathered 
from the hydrothermally altered dolomite quarry (2), 27 soil 
samples weathered from hydrothermally altered dolomite (3), 
39 soil samples weathered from lime-silicate (D area). 
Mineralogical characteristics of the soils (< 2 mm) were 
examined by XRD, PLM, SEM and EDS analyses. 

XRD analysis showed the soils from three areas contained 
tremolite or actinolite. PLM and SEM-EDS analyses showed 
soils from J and G areas contained 2 % and 0.75 ~ 2.75% 
tremolite asbestos, respectively. And soils from D area 
contained 0.5 ~ 1% actinolite asbestos. Fibrous form of 
tremolite asbestos was dominant in J and G areas, but 
actinolite asbestos in D existed as cleavage fragment. These 
results indicated that mineralogy and form of naturally 
occurring asbestos depend on the parent rocks. Natural 
weathering and human activities may disturb the NOA-bearing 
soil and release mineral fibers into the air, which pose a greater 
potential for human exposure by inhalation. 
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Despite the frequent occurrence of microbially-induced 

carbonate minerals in terrestrial environments, and the 
potential application of stable isotope geochemistry of these 
minerals to various fields of earth science (e.g., from 
paleoclimatology to astrobiology), stable isotope systematics 
of microbially-induced carbonates have not been thoroughly 
studied yet.  

As a first step to investigate stable isotope effects in 
microbially-induced carbonate minerals, four types of divalent 
carbonates were precipitated using Proteus mirabilis in the 
laboratory at 25 °C. Their mineralogy was confirmed to be 
calcite, aragonite, Mg-calcite, or strontianite by X-ray 
diffraction (XRD) analysis and scanning electron microscopy 
(SEM). Subsequently, we conducted stable isotope analysis of 
the four carbonate minerals, as well as the solution media from 
which each carbonate mineral was formed, using a dual-inlet 
isotope ratio mass spectrometer (DI-IRMS). The stable isotope 
effects observed in the microbially-induced carbonate minerals 
will be compared to those of abiogenic carbonates [e.g., 1, 2] 
to quantify the direction and magnitude of the non-equilibrium 
isotope effects. The mechanisms of the observed isotope 
effects will also be discussed at the meeting.  

 
[1] Kim et al (2007) Geochim. Cosmochim. Acta. 71, 4704-
4715 [2] Kim and O'Neil (1997) Geochim. Cosmochim. Acta. 
61, 3461-3475 
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The 210Po (t1/2 = 138 days) - 210Pb (t1/2 = 22.3 years) pair as well as 

that in 238U -234Th pair has been used for estimating export 
fluxes of particulate organic carbon in the ocean. However, the 
role of 210Bi has not drawn sufficient attention in the 210Pb-210Po 
disequilibrium studies although 210Bi as an intermediate decay 
product of 210Po and substantially long half-life (5.01 days) to 
participate in the particle processes occurring in the sea, partly 
due to its short half-life to determine in situ concentration 
aboard the ship. Most current studies assume that 210Bi is not 
particle reactive but conservative. However, it is known that 
210Bi is more enriched in particulate matter than 210Po and 210Pb 
as much as an order of magnitude. This indicates that the 
deficiency of 210Po to 210Pb activities (APb

t - APo
t) in the surface 

ocean may include the deficiency of 210Bi to 210Pb (APb
t - ABi

t) 
resulting from sinking of 210Bi attached to the particle in the 
ocean. We developed a model to elucidate a role of 210Bi in the 
behavior of 210Po-210Pb pair in the ocean. We assumed that the 
activities in the dissolved and particulate phases of 210Pb, 210Bi 
and 210Po in a given water column are determined by the 
concentration of particle in water column, input and output, 
distribution coefficients between dissolved and particulate 
phases, decay constants of these radionuclides. We estimated 
the 210Bi contribution to the 210Pb-210Po activity difference in 
seawater (APb

t - ABi
t)/(APb

t - APo
t) as much as 78% and the 210Bi 

decay-corrected in-situ 210Po activity in stored seawater 
samples was different as much as 30%. These results show that 
210Bi is very important to determine the behavior of 210Po-210Pb 
pair disequilibrium at sea. 
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Calcium phosphate minerals have gained a lot of attention 

in diverse fields of research and industry, due to their 
biological and medical signigicance. Physicochemical 
properties of their crystallinity, morphology, and size play an 
important role in clinical applications. Hydroxylapatite (HAP) 
is the most stable calcium phosphate mineral under ambient 
temperature and natural pH. However, other phases such as 
monetite and brushite can be formed in oversaturated solutions 
with respect to calcium phospahtes because of slow 
crystallization of HAP. In this study, calcium phosphate 
minerals formed through wet precipitation route is investigated 
over a range of pH and temperature.  

Constant-addition method at constant concentrations of 
species (i.e., Ca2+ and PO4

3-) and injection rate was carried out 
through the wet precipitation. HAP is precipitated at pH ≥8.5, 
whereas monetite and brushite can be formed by acidic pH or 
temperature during the synthesis of crystals. Phase change of 
brushite into monetite is observed in two different paths. Upon 
thermal decomposition, brushite is dehydtated and converted 
into monetite at temperature 175-200℃. During 24 hr of wet 
aging at 60℃, brushite is transformed into mixed monetite and 
HAP. It is found that the traits of calcium phosphates depend 
on pH and temperature seriously. At pH 10.0, crystallinity of 
HAP increases with increasing temperature. It is worthy to 
note that the morphology of HAP is evolved from lath to 
needle as synthetic temperature increases. Brushite is formed 
at pH 6.5, and also platy and tabular in shape whereas it apears 
needle-like at pH 8.5. Our results suggest that formation and 
properties of calcium phosphate minerals can be greatly 
influenced by key parameters, pH and temperature. 

 
Keywords: calcium phosphate, pH, temperature 
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The microbial reduction of ferric iron [Fe(III)] may have a 

key role in the iron cycle of aquatic environments and 
influence the mineralization through the exchange of nutrients 
and trace metals between sediments and the overlying water 
[1]. The objectives of this research were to investigate iron 
reduction and synthesis of magnetite by iron-reducing bacteria 
(mainly Clostridium sp.), and to characterize the mineralogical 
and surface chemical properties of the biogenic magnetite 
nanoparticles.  

The iron-reducing bacteria were enriched from intertidal 
flat sediments in S. Korea. In order to investigate the favorable 
conditions for magnetite biomineralization via iron reduction, 
the bacteria were grown with poorly crystaaline iron-oxides 
such as akaganeite and ferrihydrite as electron acceptors, and 
glucose, lactate, and pyruvate as electron donors. 
Mineralogical characterization was performed by XRD and 
TEM-EDS analyses. UV-vis, FT-IR and XPS analysis were 
used for chemical characterization of the biogenic minerals.  

The iron-reducing bacteria (Clostridium sp.) reduced 
akaganeite and ferrihydrite via glucose fermentation, and 
transformed them to more stable phases such as magnetite. The 
biogenic magnetite nanoparticles had around 10 nm in size and 
were spherical in shape. Unlike chemically synthesized 
magnetite, the biogenic magnetite was coated with organic 
matter containing an abundance of reactive carboxyl groups (-
COOH). Moreover, the magnetite-organic complex 
nanoparticles immobilized albumin on top of the carboxylic 
groups located on the particles’ surfaces and showed the that 
biogenic magnetite has high potential for serving as a useful 
and applicable material in relevant medical technologies.  

These results indicate that the iron-reducing bacteria 
(Clostridium sp.) transform akaganeite and ferrihydrite to 
magnetite via glucose fermentation, and such microbial 
processes may facilitate simple preparation of functional 
magnetite-organic complex nanoparticles which have benefits 
for biomedical applications.  

 
[1] Fredrickson et al (1998) Geochim. Cosmochim. Acta 62, 
3239-3257 
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Trace metal bioaccessibility in aquatic environments is 
partly controlled by interaction with secondary minerals, and 
may involve both sorption-desorption and coprecipitation-
dissolution reactions. Many studies have focused on trace 
metal sorption-desorption, whereas relatively fewer studies 
have documented trace metal coprecipitation-dissolution, 
despite ample evidence for the prevalence of trace metal-
bearing secondary minerals in the environment. This work 
documents Cu and Zn release during experimental dissolution 
of pure and trace metal-substituted jarosite—one of many 
secondary Fe phases known to host trace metals in mine waste.  

We synthesized pure, Cu-substituted (1.7 wt.%), and Zn-
substituted (1540 ppm) K-jarosites with minor hydronium 
substitution (10%, mol/mol), then conducted oxic batch leach 
experiments at 22 °C and pH near 3.6 in order to emulate acid 
mine drainage conditions. The rates of dissolution (log moles 
jarosite m-2 s-1) were the following: -10.3 (jarosite), -9.96 (Cu-
jarosite), and -9.95 (Zn-jarosite). These rates are comparable to 
similar experiments with synthesized K-jarosite (-9.3) [1] and 
natural K-Na-jarosite (-11.2) [2]. During 40 days of leaching, 
dissolved Cu and Zn concentrations increased linearly. Copper 
was particularly more mobile than Fe, with dissolved Cu:Fe 
increasing from 2.5 to 6. In all experiments, Fe concentrations 
were highest initially, then decreased to a steady-state after 6 
days, suggesting early dissolution followed by precipitation. 
Because dissolved K and SO4 did not show similar behavior, 
an Fe (oxyhydr)oxide precipitate was anticipated, but no other 
solid Fe phases were detected by SEM-EDS, bulk XRD, or Fe 
K-edge X-ray absorption spectroscopy. An Fe (oxyhydr)oxide 
phase could be present at below the detection limit of these 
techniques, however. 

Given that these experiments were conducted under 
conditions where jarosite is typically stable, the release rates of 
dissolved Cu and Zn likely represent minima, whereas trace 
metal release rates in open natural systems could be higher. 
These results suggest that trace metals that are coprecipitated 
with secondary minerals may be more mobile, and therefore 
more bioaccessible, than expected. 

 
[1] Elwood Madden et al (2012) Geochimica et al 
Cosmochimica Acta, 91:306-321 [2] Welch et al (2008) 
Chemical Geology, 254:73-86 
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New and published data clearly delineate the continuity of 

the Cordilleran mid-Cretaceous (100-85 Ma) Sierra Nevada-
Peninsular Ranges batholith flare-up event from northwestern 
Nevada to the southern tip of Baja California over a strike-
length of 2500 km. Outcrops define a belt dominated by a 
series of large, nested, generally inward-younging intrusive 
suites with more mafic peripheries relative to more felsic 
cores. Plutons throughout the belt are inferred to have been 
generated by melting of deep crustal sources based on REE 
fractionation patterns and elevated Sr/Y ratios, and the 
consanguinity of intrusion is well-documented by more than 
150 widely distributed zircon U/Pb ages. Wallrock hosting the 
belt varies dramatically along strike from basinal early 
Mesozoic oceanic arc terranes in the north and south to more 
fertile continental lithosphere in the southern Sierra Nevada 
segment, as reflected by along strike variation in Sr-Nd tracer 
isotopic data.. Oxygen isotope data show that contributions of 
supracrustal source materials to the source region of the 
magma generation varied greatly along strike. Age probability 
distribution of inherited zircon grains from the Peninsular 
Ranges segment closely match detrital zircon age distributions 
from batholith derived forearc sediments as well as Catalina 
Schist metasedimentary rocks demonstrating crustal recycling 
of forearc subduction erosion products into source melt regions 
over short (<10 Ma) time scales. 
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Nucleation is the process by which the ions or molecules in 

solution cluster to form crystalline particles with an ordered 
array. However, the scale at which these clustering occurs is 
too small to allow a direct in situ observation of the 
phenomenon. In order to visualize this process at atomic scale 
we have performed a transmission electron microscope (TEM) 
study using for the first time ionic liquids as solvent. The 
choice of ionic liquids avoids evaporation and radiation 
damage without confinement of the solution in special 
designed cells, as in previous studies [1-3]. By this novel 
technology we have recorded live video sequences of the 
formation and dissolution of clusters of the two known 
polymorphs of NaClO3 at a resolution of 0.7 nm using 1,3-
diallylimidazolium bromide as solvent [4]. Our results show a 
fresh and novel view of the phenomenon of dissolution and 
nucleation at nanoscale, for instance that a) clusters of both, 
stable and metastable polymorphs do form simultaneously with 
different nucleation and dissolution kinetics; b) that they form 
independently of the supersaturation value; c) that dissolution 
at nanoscale occurs not by a smooth a continuous loss of mass 
but by fluctuations. These and other new observations will be 
discusses during the talk.  

 
[1] Yuk, J. M. et al Science 336, 61-64 (2012). [2] Li, D. et al 
Science 336, 1014-1018 (2012). [3] Liao, H.-G. et al Science 
336, 1011-1014 (2012). [4] Kimura, Y. et al J. Am. Chem. 
Soc., DOI: 10.1021/ja412111f. (2014). 
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The world's oceans are acidifying at a rate that is at least 

ten-fold faster than at any time in the last 300 million years, 
with models predicting a doubling of atmospheric carbon 
dioxide by 2100. Over the last decade, a number of 
experimental studies have revealed potentially significant 
direct and/or indirect effects of ocean acidification on 
biogeochemical cycling, bioavailability, and biological 
requirements of micro- and macronutrient elements, including 
(but not limited to) C, N, Fe, and Zn. For instance, elevated 
carbon dioxide treatments in some cases have resulted in 
higher cyanobacterial N fixation rates, lower rates of 
microbially-mediated nitrification, altered C:N:P molar ratios 
and lower Fe and Zn requirements by phytoplankton, and 
changes in bioavailability of complexed Fe and Zn. The 
cycling of nutrient elements in future oceans will also likely be 
strongly coupled to changes in physical interactions between 
the atmosphere, ocean, and land, as well as changes in 
community structure and foodwebs. In this talk, I will 
summarize key findings regarding the expected ocean 
acidification-driven changes in nutrient biogeochemical cycles, 
discuss uncertainties, and identify gaps in our current 
knowledge that deserve attention. 
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Molybdenum (Mo) isotope fraction is a novel and 

powerful tracer for quantifying paleoredox states of marine 
sediments and could potentially be used similarily in soils. A 
critical assumption ocean paleoredox studies make is that Mo 
entering the oceans has been constant throughout geological 
history. A number of studies have recently disproven this 
assumption [1]. However, the processes that control Mo 
concentrations in soils and ultimately input into riverine 
systems remain poorly understood. Mo behavior is commonly 
thought to be a function of the oxygen availability of its 
surrounding environment and adsorption onto phases like iron 
(Fe) and manganese (Mn) oxyhydroxides. Organic matter 
(OM) also plays a role, although the processes underlying Mo-
OM interactions are not yet understood [2]. This study 
investigates the fate of Mo in soils of varying oxygen status, 
OM content, and Fe and Mn oxyhydroxide content. Samples 
were collected along the Maui soil climate gradient (2200 to 
5050 mm yr-1 mean annual precipitation), which exhibits a 
well-correlated decrease in soil Eh and Fe content with 
increasing rainfall. Along this gradient, we measured Mo 
concentrations in a 0.001M HCl extraction of the soil before 
and after exposure to Fe reducing conditions in field-placed 
N2-flushed vials. Mo concentrations increased as Eh decreased 
at higher rainfall both before and after Fe reduction. This 
deviates from the hypothesis that in highly reducing 
environments we expect initial Mo concentrations to be low as 
Mo is lost from soils along with the reductive dissolution of 
Fe. Increasing extractable Mo concentrations with decreasing 
Eh can be explained by increasing Mo-OM interactions. This 
study is the first of its kind to examine Mo availability across a 
soil rainfall gradient. These patterns in Mo concentrations 
illustrate the potential of this tracer for recording weathering 
fluxes, reductive Fe conditions, and biologic activity in soils.  
 
[1] Archer & Vance (2008) Nature Geosciences 1, 599. [2] 
Siebert et al (2011) Mineralogical Magazine 75 (3), 1872. 
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The mobility and speciation of nutrients within aquifers, 

from surface to subsurface to groundwater, is nominally 
dependent on the distribution and activity of microbial 
functional guilds (i.e. groups consisting of diverse 
microorganisms that carry out the same process). In turn, the 
composition of these guilds is a function of the organisms’ 
physiological traits along with environmental, physical and 
geochemical conditions that exist across flow paths to create 
‘hot spots’ of activity. Here we report the development of a 
trait-based model that simulates coupled guilds of microbes 
parameterized including traits extracted from large-scale 
metagenomic data. Our approach models the rate of nutrient 
uptake using equilibrium chemistry approximations and the 
thermodynamics of coupled electron donors and acceptors to 
predict the energy available for respiration, biomass 
development and exo-enzyme production. Each group within a 
functional guild is parameterized with a unique combination of 
traits governing organism fitness under dynamic environmental 
conditions. We scale up the trait-based model by coupling it to 
a reactive transport model to simulate microbial development 
across spatially structured landscapes. Finally, we use the 
model to explore abiotic controls on community emergence 
and impact on rates of reactions that contribute to the cycling 
of carbon across distinct redox zones of an aquifer.  
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One treatment proposed to preserve Ca-carbonate 

containing building materials draws on the natural action of 
lichens etc., which have been found to produce protective 
layers of Ca-oxalate crystals on marble and limestone surfaces 
(e.g., Del Monte el al 1987). To study the Ca-oxalates 
produced during these types of reactions we have conducted 
abiotic experiments on Carrara marble cubes in oxalic acid 
concentrations between 1 to 500 mM in Teflon-lined steel 
autoclaves at temperatures between 20 and 90 °C.  

Scanning electron microscopy (SEM) investigations of the 
replacement products show that above 10 mM oxalic acid the 
reaction rim is composed of two distinct layers. These layers 
have very different textural characteristics. The outer layer 
consists of large (up to 10 µm), imperfectly packed crystals 
whereas the inner layer comprises submicron-sized, rounded 
grains with minimal interconnected porosity. Characterization 
using Raman microscopy demonstrates that both of these 
layers are composed of the monohydrate Ca-oxalate mineral 
whewellite (CaC2H4.H2O).  

Secondary electron images obtained during the SEM study 
and the constant width of the inner rim during longer duration 
experiments implies that the outer layer develops from the 
inner whewellite crystals via a textural re-equilibration 
mechanism. Determination of differences in the fraction of the 
18O incorporated into the different whewellite layers during 
experiments with an 18O-enriched solution demonstrates that 
the textural re-equilibration is solution mediated. In depth 
analysis of the Raman spectra also indicates that the inner rim 
crystallites have a lower crystallinity compared to the larger 
outer rim crystals, providing a potential driving force for the 
textural re-equilibration.  
 
[1] Del Monte et al 1987 Sci. Total. Environ. 17-39 
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We have examined Ra and Th isotope distributions within 

a neutrally buoyant plume overlying the TAG hydrothermal 
vent field (26°N, 45°W, Mid-Atlantic Ridge) using data from 
the recent US GEOTRACES Atlantic transect (2011). 
Particulate 228Th (t1/2= 1.91 y) and 234Th (t1/2= 24.1 d) activities 
agree well with previous measurements at the TAG site [1]. 
High particulate Th activities within the plume indicate 
scavenging of dissolved Th from the surrounding ambient 
seawater. The residence times of dissolved and particulate 
228Th and 234Th were calculated, and the 234Th/228Th ratio was 
used along with a simple model to estimate the rate of dilution 
of the neutrally bouyant plume. 

The four naturally occuring Ra isotopes (223Ra, t1/2= 11.4 d; 
224Ra, t1/2= 3.66 d; 226Ra, t1/2= 1600 y; 228Ra, t1/2= 5.75 y) were 
used to estimate the age of the plume, giving an approximation 
of transit time from the site of eruption to the sampling 
location. A similar approach based on particulate 234Th/228Th 
produced results in good agreement with the Ra method. 

Finally, the flux of dissolved Th to the particulate phase 
was related to particulate element concentrations to calculate 
the rate of element uptake on to plume particles. This 
calculation was done for various elements and isotopes, 
including Fe, P, Nd, and 227Ac, which appears to have a 
previously unnoted hydrothermal source. 

Samples from an East Pacific Rise hydrothermal plume 
were collected on the 2013 US GEOTRACES Pacific transect 
and will allow for a preliminary comparision of 228Th and 234Th 
between hydrothermal sites in each ocean basin. 

 
[1] German et al (1991) Earth Planet. Sci. Lett. 105, 170-181 
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The porphyry Cu-Mo-Au deposits that newly were 

discovered in Tepeoba area are the largest resources in the 
Biga Peninsula at the northwestern side of Turkey. This study 
reports the geochemical investigations of the wall rock hosted 
porphyry Cu-Mo-Au mineralization at Tepeoba area as well as 
subsurface modeling of potential Cu-Mo-Au ore zones in the 
subsurface environment in order to simplify the research and 
increase the rate of probable economical reserves of deposit for 
the future exploitation. The area under investigation is 
approximately located in 10 km to the North of the town of 
Havran in the Balıkesir Province. This area is formed 
essentially of metasedimentary and metabasite rocks later 
intruded by Tertiary-aged Eybek granite and granodiorite as 
well as acidic and basic dykes. These metasedimentary and 
metabasite rocks are affected by contact metamorphism as a 
result of this intrusion and metamorphosed into andalusite-
biotite schist. Cu-Mo-Au mineralization was associated with 
brecciated stock work veins within contact metamorphic rocks 
and granitoid rocks. The mineralization zone is directed NE-
SW and rich in chalcopyrite, malachite, azurite, molybdenite, 
pyrite, gold and Fe-minerals. Based on the geochemical 
characteristics, the granitoid rocks are mostly granite range 
between monzonite and quartz monzonite and siyenite. 3D 
subsurface modeling revealed that the study area has a 
moderate grade of Cu-Mo reserving with some boreholes have 
high amount of copper-molybdenum and gold in different 
depths and lithology. 

 
Keywords: Geochemistry, subsurface modeling, porphyry 

Cu-Mo deposit, Tepeoba-Havran, Turkey 
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Deliktaş village is located about 15km northwest of 

Balikesir in Western Turkey and is a low sulphidation 
epithermal system with high grade quartz veins hosted in 
Miocene-aged intermediate volcanics, situated on the margin 
the regional NNE trending Ergama Graben. Due to the limited 
outcrops in the region the most efficient way of the prospection 
is soil sampling. There are 183 soil samples were collected 
from the deposit area. Metal content of the samples, 
relationship between each metal and metal distribution 
according to distance are statistically investigated. According 
to the analytical results the metals in the soils are ranging as 
follows: Au:0,005-0,54 mg kg-1 (average 0.04); Ag 0.03-2.66 
mg kg-1 (average 0.22); As 3.4-315 mg kg-1 (average 30.3); 
Sb 0.15-19.25 mg kg-1 (average 1.62); Cu 2.5-35 mg kg-1 
(average 11.73); Pb 17.4-545 mg kg-1 (average 73.76); Zn 14-
1240 mg kg-1 (average 106.71). 50%, 70%, 90% and 95% of 
the cumulative data are used during the calculations of areal 
distribution of the elements in the soils. It is accepted that 50% 
is the base value and 95% is the anomalus value. It is 
investigated that not only hydromorphic distribution but also 
clastic distribution mainly affected areal distribution of the 
elements. 

 
Keywords: epithermal, soil, cumulative, average, 

hydromorphic. 
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A spectroscopic analysis of 115 wintertime particulate 
matter samples collected in rural California shows that wood 
smoke absorbs solar radiation with a strong spectral selectivity. 
This is consistent with prior work that has demonstrated that 
organic carbon (OC), in addition to black carbon (BC), 
appreciably absorbs solar radiation in the visible and 
ultraviolet spectral regions. We apportion light absorption to 
OC and BC and find that the absorption Ångström exponent of 
the light-absorbing OC in these samples ranges from 3.0 to 7.4 
and averages 5.0. Further, we calculate that OC would account 
for 14% and BC would account for 86% of solar radiation 
absorbed by the wood smoke in the atmosphere (integrated 
over the solar spectrum from 300 to 2500 nm). OC would 
contribute 49% of the wood smoke particulate matter 
absorption of ultraviolet solar radiation at wavelengths below 
400 nm and, therefore, may affect tropospheric 
photochemistry. These results illustrate that BC is the 
dominant light-absorbing particulate matter species in 
atmospheres burdened with residential wood smoke and OC 
absorption is secondary but not insignificant. Further, these 
results add to the growing body of evidence that light-
absorbing OC is ubiquitous in atmospheres influenced by 
biomass burning and may be important to include when 
considering particulate matter effects on climate. 
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Low Zn availability in soils reduces crop yields and Zn 
deficiency in human populations is one of the most widespread 
and pernicious health problems in developing countries. In 
response there are major efforts to increase the bioavailable 
content of Zn – and other micronutrients – in crop plants. Rice 
is one of the main crops being targeted because Zn deficiency 
is a particular problem in submerged paddy soils. Changes in 
soil chemistry following submergence result in Zn being 
immobilized in very insoluble forms, which restricts plant 
uptake even though total Zn contents are generally non-
limiting. This may be linked to high soil pH and excess HCO3, 
such as in the calcareous soils of the Indo-Gangetic plains of 
India and Bangladesh; but it also occurs in perennially wet, 
young non-calcareous soils, and in peats and coastal saline 
soils. Up to 50% of the global rice area is affected. 

There is large variation in the rice germplasm in tolerance 
of Zn deficient soils and in ability to concentrate Zn in grains. 
Current research is using gene mapping and subsequent 
marker-aided selection to exploit this variation to improve rice 
yields on Zn deficient soils and to develop rice with high grain 
Zn. Related research is investigating the mechanisms behind 
the genotype differences. The methods used include (a) 
physiological studies of gene mapping populations, (b) 
mathematical modelling of root-soil interactions and processes 
in the rhizosphere, and (c) a novel technique based on 
fractionation of stable Zn isotopes at natural abundance to 
distinguish specific uptake mechanisms. These studies together 
have shown that three key mechanisms enhance seedling 
growth in Zn deficient soil: (a) maintenance of new root 
growth, (b) prevention of root damage by oxygen radicals 
linked to high HCO3, (c) root-induced alteration of the 
chemistry of the rhizosphere leading to neutralization of HCO3 
and solubilisation of Zn. These mechanisms have been 
demonstrated for seedling-stage growth, and may also enhance 
Zn uptake during grain-filling stages.  
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Natural gas from unconventional reservoirs is an 
increasingly important energy source because natural gas is 
cleaner than coal and recent technological advances have made 
large resources available. Learning more about the basic 
controls on biogenic gas formation in these systems could add 
to these advantages by promoting development of strategies to 
enhance microbial methanogenesis and extend the productive 
life of commerical gas wells. In this study, we examine what 
geochemical factors influence the activity and composition of 
microbial communities in Cherokee Basin coalbeds. The basin 
exists largely in southeastern Kansas, USA, and contains 
numerous thin (<1 m thick) Pennsylvanian coalbeds of 
relatively low thermal maturity (0.5-0.7 %Ro), which have 
been developed for gas production. During November 2013, 
we collected gas, formation water, and microbe samples from 
16 commerical gas wells. The wells we sampled range from 3 
to 9 years old and produce 7760 L day-1 (=49 bw day-1) and 
1035 m3 day-1 (37 Mcf day-1) of water and gas, respectively, on 
average. Water and gas geochemistry show no significant 
correlations with production data. Water samples we collected 
are Na-Cl type with total dissolved solids ranging from 36,000 
to 98,000 mg L-1. Carbonate alkalinity ranged from 3.3 to 8.4 
meq L-1, values that are low relative to many unconventional 
gas reservoirs that contain biogenic gas. The chemical and 
isotopic composition of gas we sampled, however, is consistent 
with a predominantly biogenic origin. Gas samples consisted 
almost entirely of methane (CH4 avg. 97%; wetness avg. 2638) 
and the δD and δ13C of methane averaged -222‰ VSMOW 
and -61‰ VPDB, respectively. Low-levels of ATP were 
detected in water from 12 of the 14 wells that were tested 
(ATP avg. 2 relative light units), indicating that active 
microbial populations exist in the coalbeds and may continue 
to generate methane. We are currently performing additional 
analyses on our samples using culturing, microscopy, and 
nucleic acid-based techniques. We expect those analyses will 
yield further insight into biogeochemical controls on methane 
formation in the coalbeds. 
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As an episode of rapid global warming associated with the 

release of massive quantities of carbon to the atmosphere and 
oceans, the Paleocene-Eocene Thermal Maximum (PETM, 56 
Ma) is often used as an analog for modern anthropogenic 
carbon emissions. While the exact mass and isotopic 
composition of the carbon source responsible for this event is 
still a matter of debate, existing records do provide a likely 
range of between 3000 to 6000 Pg C. However, the rate of 
carbon release during the PETM is still a major area of 
uncertainty, precluding straightforward comparisons between 
the paleo-record and the modern. The rate of carbon release is 
deduced from the sedimentary carbon isotope excursion and 
evidence for carbonate dissolution, but variation among 
depositional settings (e.g. sedimentation rate, sediment type, 
water depth, and the carbon reservoir sampled) results in a 
wide range of apparent rates of onset among records.  

Here we use the Earth system model cGENIE to interpret 
the consequences of carbon emissions rates on the isotopic 
record of different carbon reservoirs. All scenarios involve a 
total mass of emissions consistent with existing estimates for 
the PETM, such that differences in the magnitude and timing 
of carbon isotope excursions among various reservoirs are a 
function of emissions rate alone. We test a range of emissions 
scenarios—from years to millenia and constant versus pulsed 
emissions rates, and trace the resulting carbon isotope records 
within the atmosphere, with depth in the ocean, and in the 
sedimentary record. In particular, we calculate the 
characteristic difference in carbon isotope excursion size 
between atmospheric CO2 and oceanic dissolved inorganic 
carbon (DIC) as a function of the rate of carbon emissions. 
These experiments provide an interpretive framework for 
hypotheses about rates of carbon emissions during the PETM 
derived from sedimentary records. 
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A recent study by Kiseeva and Wood (2013) has shown 
that there is a simple relationship between sulphide/silicate 
partition coefficients for individual trace elements and 
FeO contents of the silicate liquids, which can be generally 
represented by the following equation: 

 
 
where A is a constant related to the free energy of Fe-M 

exchange, n is a constant related to the valence of the element 
and [FeO] is the FeO content of the silicate melt in mole 
fraction or weight %. 

Here we report the results of a new set of piston cylinder 
experiments that account for the effects of temperature, silicate 
melt and sulphide liquid composition on sulphide-silicate 
partitioning of the elements (Cu, Ni, Ag, Co, Cd, Pb, Zn, Mn, 
Sb, In, Tl, Cr).  

1. Variations of Cu, Ni and Fe in the sulphide liquid do not 
affect sulphide-silicate partitioning, provided FeO content of 
the silicate melt is corrected as follows:  

 
 
2. Oxygen dissolved in the sulphide acts to decrease 

partition coefficients for more chalcophile elements (e.g. Cu, 
Ni, Ag) and increase for more lithophile elements (e.g. Mn, 
Zn).  

3. Measured temperature effects on partitioning are 
consistent with thermodynamic data on sulfides and oxides; 
Ni, Cu and Ag exhibiting the largest tenperature-dependences.  

4. Tl and Pb show the strongest dependences on silicate 
melt composition with both elements becoming more 
chalcophile with higher NBO/T (ratio of nonbridging oxygens 
to tetrahedral cations).  

Our results enable us to correctly predict the 
concentrations of chalcophile elements in MORB and to 
address such questions as the Ce/Pb and Nd/Pb ratios of 
primitive basalts. Recent measurements of the chalcophile 
element concentrations in sulfide globules found in MORB are 
consistent with our results at quenching temperatures of 1100-
1200oC (for Co, Ni, Cu, Zn, Ag, Cd and Pb). During fractional 
crystallisation from a basaltic parent, chalcophile element 
concentrations in silicate melt properly reflect the changing 
degree of sulfide saturation. 

DM
sulph/sil

logDM
sulph/sil ! A+ n

2
log[FeO]

[FeO]corrected =
[FeO]silicate

[Fe / (Fe+ Ni+Cu)]sulphide
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Oxygen isotope ratios of chondrules record those of the 
dust-enriched protoplanetary disk in the early Solar System, 
from which their parent asteroids accreted [1-2]. High 
precision SIMS oxygen isotope analyses of chondrules in the 
least equilibrated chondrites have been conducted on >300 
chondrules from various chondrite groups; LL3, H3, Acfer 094 
(ungrouped C), CO3, CV3, CR3, CH3, and R3 [1-9].  

Oxygen isotope ratios of chondrules in carbonaceous 
chondrites [2,4-8] are characterized by enrichment of 16O 
relative to the terrestrial mantle. Their δ18O and δ17O values 
plot along the slope ~1 primitive chondrule mineral (PCM) 
line, defined in [2]. They show a wide range of Δ17O, mainly 
from –6‰ to +1.5‰, and correlate with Mg#. The slope ~1 
chondrule trend could be the result of mixing of 16O-rich 
anhydrous dust and 16O-poor ice in precursor solids within the 
dust-enriched disk [10], which could be related to extreme 
mass independent isotope fractionation (MIF) in the earliest 
solar nebula, as indicated from [11-12].  

In contrast, ordinary and R chondrite chondrules show 
mass dependent isotope fractionation above the terrestrial 
fractionation line (Δ17O ~+1‰), toward lower δ18O values 
relative to the PCM line [1,3,9]. FeO-poor olivine-rich 
chondrules (IA) have the lowest δ18O values [1]. A narrow 
range of Δ17O values could indicate isotope reservoirs were 
well-mixed prior to the chondrule forming event(s). [1] argued 
that a significant isotope fractionation (≥3 ‰) could be 
produced between nebula gas and olivine without dust 
enrichment at ~1200˚C. MIF components in inner asteroidal 
regions could have been homogenized by transient heating 
events early during disk evolution, before dust accreted and 
densified.  

 
[1] Kita N. T. et al (2010) GCA 74, 6610-6635 [2] Ushikubo T. 
et al (2012) GCA 90, 242-264 [3] Kita N. T. et al (2008) MaPS 
43, A77 [4] Rudraswami N. G. et al (2011) GCA 75, 7596-
7611 [5] Tenner T. J. et al (2013) GCA 102, 226-245 [6] 
Tenner et al T. J. (2012) 43rd LPSC #2127 [7] Nakashima D. et 
al (2010) MaPS 45, A148 [8] Nakashima D. et al (2011) MaPS 
46, 857-874 [9] Kita N. T. et al (2013) MaPS 78, 5149 [10] 
Tenner T. J. et al (2014), this meeting. [11] Sakamoto N. et al 
(2007) Science 317, 231-233 [12] McKeegan K. D. et al 
(2011) Science 332, 1528-1532 
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Both the Izu-Ogasawara (Bonin)-Mariana (IBM) Arc and 

the Oman Ophiolite preserve the entire geological records of 
intra-oceanic subduction initiation and arc evolution. 
Specifically primitive boninite sequences provide the 
evolutionary history of thermochemical structure of the wedge 
mantle. We have investigated melt (glass) inclusions enclosed 
by boninite-derived chrome spinel grains in beach sand, called 
“uguisu-zuna” from Ogasawara islands, and in wadi sand from 
the Oman Ophiolite. Glass inclusions in spinel have more Mg-
rich compositions than aphyric whole rocks, indicating their 
primitive nature since derivation from the source mantle, 
which experienced least modification by the processes such as 
crystal fractionation, and assimilation and contamination by 
the crust. Volatile measurements of melt inclusions confirmed 
that they were only slightly degassed and retain primitive 
contents. Five geochemical types (BIC-1~5) are identified 
among boninites from the Ogasawara Islands and a single 
geochemical type from the Oman Ophiolite. Both Ogasawara 
and Oman low-Si boninites show lower H2O contents than 
high-Si boninites. Assuming that the most magnesium-rich 
melts of each geochemical type in Ogasawara and Oman 
boninites coexisted with olivine and orthopyroxene, the P-T 
conditions of these primary boninite magmas were estimated 
by using the ol-liquid and ol-opx-liquid geothermobarometers 
[1]. High-Si boninites erupted on the Ogasawara Islands during 
48-46 Ma were generated at 1400-1440 °C and 0.7-0.9 GPa, 
whereas the subsequent low-Si boninite at 45 Ma formed at 
1380-1400 °C and 0.8-0.95 GPa. This suggest that the 
geothermal gradient descended from 48 Ma to 45 Ma. On the 
other hand, low-Si boninite from the Oman Ophiolite was 
generated at 1320 °C and 0.5 GPa. Hence, it is apparent that 
the wedge mantle beneath the proto-IBM arc was significantly 
hotter than that in the Oman paleoarc. 

 
[1] Putirka (2008) Reviews in Mineralogy, 69 
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Large magnitude (>10‰) carbon isotope (δ13C) excursions 
in carbonate-bearing sediments of Neoproterozoic age 
increasingly constrain the chronology of the Neoproterozoic 
stratigraphic record and have significant implications for our 
understanding of the evolution of the Precambrian biosphere. 
The ~825 Ma ‘Bitter Springs Anomaly’ (BSA) is an interval of 
δ13C variability to depleted (-4‰) values from enriched (+5‰) 
values and is considered a robust stratigraphic marker and an 
indicator of carbon cycle perturbations that preceded the severe 
ice-ages of the Cryogenian. We present paired 
sedimentological and stable-isotopic (δ13C and δ18O) data to 
show that the isotopic variability that defines the BSA is 
facies-dependent and its defining features rely on end-member 
paleoenvironments. The inflection points from enriched (+5‰) 
to depleted (-4‰) δ13C values that define the excursion occur 
systematically with major facies changes between evaporative 
lacustrine environments and deeper-water microbial and 
grainstone carbonates respectively. A first-order relationship 
between δ13C and δ18O (R2=0.75) across the facies changes 
indicates proportional end-member mixing along these 
changing environments. This coupling of isotopic values and 
sediment composition indicates that local modification of δ13C 
in basin waters controls δ13C variability and that these 
excursions are not representative of whole-ocean chemistry. 
This association would also satisfy δ13Corg values shown to 
vary sympathetically with δ13C. Thus, our findings illustrate 
that some features of composite δ13C records derived from 
Precambrian strata may be relics of isolated water-bodies as 
they respond to local hydrology and base-level. The anomalous 
δ13C features in this part of the record may be analogous to 
similar excursions throughout the better-constrained 
Phanerzoic record that are evidently the function of local 
basinal conditions. This suggests that some Neoproterozoic 
excursions exhibit limited constraint on the function of Earth’s 
biosphere through time. 
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Microcystins are a group of hepatotoxins produced by 

cyanobacteria that have not had their functional roles, or the 
environmental factors that trigger production, clearly 
determined. While a more global role for microcystin is 
commonly suggested [1], the speculation that microcystin acts 
as an intracellular siderophore remains plausible [2]. 

Cyclic voltammetry (using a boron-doped diamond 
electrode) was used to determine the iron binding properties of 
microcystin-LR. The results showed that microcystin-LR 
forms at least two complexes with FeIII, interpreted as an initial 
rapidly formed complex, followed by a more stable and slower 
forming complex. This is consistent with a previously 
identified configurational rearrangements of complexed 
cations from outside to inside the ring structure of microcystin-
LR [3]. The stability constant for the more stable FeIII-
microcystin-LR complex was calculated to be approximately 
1013 in 60% v/v MeOH/water at 0.1 M ionic strength, using 
acid dissociation constants for the two caboxylic groups of 
microcystin-LR determined by HPLC and UV-Visibile 
spectroscopy methods (pKa1=2.17 and pKa2=3.96) [4]. There 
was no evidence for the formation of a complex between 
microcystin-LR and FeII. 

Further experiments conducted at the Australian 
Synchrotron using the infrared beamline have examined the 
cellular response of a microcystin producing and non-
producing strain of Microcystis aeruginosa in the presence of 
hydrous ferric oxide in order to determine whether the 
presence of an iron source can stimulate microcystin-LR 
production. 

 
[1] Fujii et al (2011) Appl. Environ. Microbiol. 77, 7068-71 [2] 
Utkilen & Gjolme (1995) Appl. Environ. Microbiol. 61, 797-
800 [3] Humble et al (1997) Water Res. 31, 1679-86 [4] Klein 
et al. (2013) Environ. Sci. Technol. 47, 5178-84 
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Tectonic forces expose mantle peridotite to seawater along 

mid-ocean ridges, at magma-poor continental rifted margins, 
and in subduction zones with remarkable implications for life 
in seafloor environments. Despite increasing interest in 
peridotite-seawater interactions (i.e. serpentinization), the 
underlying mechanisms remain grossly under-characterized, 
particularly at temperatures lower than 200°C. Moreover, the 
pathways of serpentinization are incredibly variable and 
remain in many cases difficult to reconstruct. We have 
examined partly to completely serpentinized peridotites 
recovered during the Ocean Drilling Program and find a 
remarkable variation in the abundance of magnetite. Some 
completely serpentinized peridotites from the Mid-Atlantic 
Ridge have more than 6 wt% magnetite, whereas others from 
the Iberia Margin are nearly magnetite free (<0.04 wt%). 
Using isotopic, magnetic, and thermodynamic constraints, our 
study reveals a simple link between the abundance of 
magnetite, the Fe content of brucite, and serpentinization 
temperature. Samples with abundant magnetite have Fe-poor 
brucite and were altered at temperatures of 200–300 °C, 
whereas magnetite-poor samples are associated with Fe-rich 
brucite and were altered at temperatures <~200 °C. We 
demonstrate that, despite the small amounts of magnetite 
present in some serpentinites, abundant hydrogen is generated 
through Fe(III) hosted in serpentine, lending support to the 
idea that low- to moderate-temperature serpentinization can 
generate abundant hydrogen within the temperature limits of 
life. 
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In 2010, the Deepwater Horizon spill discharged an 

unprecedented amount of gas and oil into deep-waters of the 
Gulf of Mexico (Gulf). Hydrocarbons formed a subsurface 
plume and accumulated at the sea surface. Large amounts of 
dispersants were applied to the surface oil slick and at the site 
of the leak. These perturbations substantially altered the Gulf’s 
deep-sea water chemistry and microbial community. 

Here, we demonstrate a remarkably rapid response of 
distinct microbial populations to the deep-sea hydrocarbon 
infusion. In-depth analysis using a highly sensitive, 
computational method applied to a spatial and temporal diverse 
marker gene data set, revealed a previously unrecognized level 
of diversity of key-players in oil and gas biodegradation. 
Furthermore, we mimicked oil infusions into Gulf’s deep-
waters using microcosms amended with either oil, dispersant, 
dispersed oil or dispersed oil with nutrients. Based on marker 
gene analysis of microcosm samples, we show that dispersants 
significantly influenced the microbial community composition, 
resulting in the selection of specific groups. Moreover, tracer 
experiments highlighted that dispersant impacts on 
hydrocarbon biodegradation rates are different than previously 
expected. 
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A method developed to quantify hydroxyl (OH) sites on 

kaolinite is applied here for the first time to feldspar grains 
from soils in a glacial chronosequence. Illuminating the 
interplay between accumulation of surface OH sites and time 
primary silicate minerals have spent in the weathering 
environment could be a step towards mechanistically 
understanding the reasons mineral dissolution rates are 
observed to decrease with time. In this study, we have sampled 
soil from discrete deposits—with ages ranging 10ka to 
200ka—along glacial chronosequences in the Sierra Nevada 
and Colorado Rocky Mountains. Feldspar grains were picked 
from these soils and treated with (3,3,3 trifluoropropyl) 
dimethylchlorosilane (TFS). This molecule selectively binds to 
Q3 OH sites on silica and alumina tetrahedra—sites wherein 
one tetrahedral anion forms a hydroxyl at the surface during 
dissolution and the other three remain coordinated with the 
crystal. NMR spectroscopty is a sensitive, non-destructive 
analytical method, and we used it here to quantify 19F in TFS 
on our treated feldspar samples. OH concentrations were 
inferred from these data, and normalized to BET specific 
surface area. Treated samples were also dissolved and run 
through an MP-OES for elemental analysis, to determine 
whether or not time-dependent mineralogical evolution was at 
play. 

Preliminary results from NMR experiements show a 
positive correlation between Q3 OH site count and exposure 
age of the deposit. Elemental analysis by MP-OES confirms 
that mineralogical differences among samples were not 
significant enough to overshadow the trend. This study 
confirms that the NMR procedure used for kaolinite by 
Sanders et al.1 is sensitive enough to quantify significantly 
lower concentrations of OH sites, as found on feldspar 
surfaces. It is our hope that continued investigation using the 
NMR method will shed light on the molecular-scale processes 
that drive interface-limited systems. 
 
[1] Sanders, Washton & Mueller (2010), Journal of Phys. 
Chem. 114, 5491-5498 
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Biogenic volatile organic compounds (BVOC) emitted by 

vegetation are an important source of secondary organic 
aerosols (SOA), which are known to affect the climate. 
Pathogens, insect attacks, heat waves and droughts can induce 
stress to plants that may change their BVOC emission pattern 
and strengh. In this study, the potential impact of such stress-
induced BVOC emissions on photochemical SOA formation 
was analyzed for tree species typical for mixed deciduous and 
Boreal Eurasian forests [1,2]. The results show that such stress 
conditions have sigificant impacts on SOA formation. Stress-
induced emissions of sesquiterpenes, methyl salicylate, and 
C17-VOC increase SOA yields. Mixtures including these 
BVOC exhibit SOA mass yields between 17 and 33 %, 
significantly higher than mixtures containing mainly 
monoterpenes (4–6% yield). Green leaf volatiles suppress SOA 
formation, possibly by scavenging OH, similar to isoprene. By 
classifying emission types, stressors and SOA formation 
potential, we will discuss possible climatic feedbacks 
regarding aerosol effects.  
In addition, we relate these findings to our recent observations 
of a new oxidation pathway that promptly produces extremely 
low-volatility vapors, providing a missing link between BVOC 
emission and SOA formation over forested regions [3,4].  

 
[1] E.Kleist et al Biogeosciences, 9, 5111–5123, 2012 [2] Th. 
F. Mentel et al Atmos. Chem. Phys., 13, 8755–8770, 2013 [3] 
M. Ehn et al Nature, 506 476-479, 2014 [4] J. Wildt et al, 
Atmos. Chem. Phys., 14, 2789-2804, 2014 
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In spite of significant efforts over the last few decades in 
terms of source control of nitrogen input from French 
agriculture to ground- and surface water bodies, increasing 
tendencies of nitrate concentrations are still observed for 
numerous drinking water wells. This can be partly attributed to 
the inertia of the soil-groundwater system, with a slow nitrogen 
dynamics in the soil zone and groundwater residence times in 
the order of magnitude of years to tens of years even in 
superficial alluvial aquifer. This delay of effects of 
groundwater remediation measures is a serious drawback for 
attempts to reach the goals of the European Water Framework 
Directive, aiming to return to a good qualitative and 
quantitative status for European groundwater bodies till 2015.  

Here we present results of a regional study of nitrogen 
contamination of alluvial aquifers in the south-western Rhine 
Valley, France using a combination of stable isotopes of N and 
O, O and H of water, isotopes of dissolved B and Sr, with 
groundwater dating methods (CFCs, SF6). Potential nitrogen 
sources (mineral fertilisers, manure, and domestic waste water) 
were analysed together with the target wells and surrounding 
ground- and surface waters.  

The results reveal mean groundwater residence times 
around 8 to 10 years for the wells in the ancient alluvial 
sediments and isotope fingerprints compatible with oxidation 
of organic nitrogen or ammonia but not with mixing with 
domestic wastewater. Groundwaters in the young alluvial 
deposits of the Rhine River are mostly contaminated by local 
CFC input so that groundwater dating was possible only for 
one point. Here again, nitrates seem mostly derived from 
organic nitrogen or ammonium, but waste-water is a possible 
source as revealed by boron isotopes. These conclusions on 
nitrogen sources need to be considered in the context of the 
evolution of source terms at least over the last decade. Indeed, 
supplementary delay of nitrate transfer to the impacted 
drinking water wells could be due to the residence time of 
nitrate in the soil zone, not taken into account by the 
groundwater residence time estimation. Any new measure of 
source control will show its effects only at the horizon of 2020 
given the reaction time of the groundwater system in the 
ancient alluvial sediments. 
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The purpose of this study was to investigate the 

composition, accumulation and degradation of the colloidal 
organic matter (COM) in the northern Adriatic coastal waters. 
Samples of large volumes of seawater were collected monthly 
from December 2011 to October 2012 at site (F) in the 
southeastern part of Gulf of Trieste and subsequently isolated 
by ultrafiltration (MWCO 5 kDa) and desalinization by 
dialysis.  

Highly heterogeneous COM, which is mainly composed of 
polysaccharides and lipids with lower amounts of proteins and 
humics, was semi-quantitatively characterized using 1H NMR 
spectroscopy accompanied with elemental (CHNS) analysis. 
To determine the dynamics of COM molecular size, HP-SEC 
chromatography was applied. 1H NMR spectra of dialyzed 
COM can be divided into four main groups of proton 
resonance, which can be assigned for: aromatic protons (humic 
acids; δ = 7 – 8 ppm), protons bonded on/or near carbon in 
alcohol or ether functional groups (polysaccharides; δ = 3 – 
5.5 ppm), protons near amide, ketone and carboxyl functional 
groups (proteins; δ =1.8 – 3 ppm) and aliphatic protons (lipids; 
δ = 0 – 1.8 ppm). In late spring/early summer, the 
polysaccharide and lipid fractions increased up to 2-fold due to 
previous (spring) phytoplankton (diatoms) bloom. In parallel, 
the protein fraction decreased reflecting in higher C/N (28, 
molar) ratio. The concentration of macromolecular DOC (>200 
kDa) increased in late spring, and decreased in late summer 
due to microbial degradation. This is confirmed by the 
behaviour of the COM lower molecular weight fraction (< 50 
kDa) which decreased in late spring and increased in late 
summer period. Accumulation of high molecular weight 
polysaccharide and lipid fractions, more persistent towards 
bacterial attack, in late spring/early summer indicates the 
possible path of macroaggregate (macrogel) formation, which 
has been periodically occurred in the northern Adriatic Sea in 
the past. 
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Evolution in geochemical modelling for natural 

environments and the accuracy of experimental results are 
related to numerical techniques capable of solving complex 
mathematical problems as well as the improvement of 
computing capacity. To verify the distribution, mobility and 
availability of chemical species in geological environments [1], 
and to test the efficiency and accuracy of a code that we are 
developing called SHPECK, we performed a comparative 
study of geochemical speciation using our code, PHREEQC® 
and Geochemist's Workbench (GWB®). We modelled the 
chemical behaviour of the minerals compounds known for the 
water from the North Sea [2], and found the following mineral 
Saturation Index values at 25 degrees, for GWB, SHPECK and 
PRHEEQC, respectively: Anhydrite (-1.13, -0.44 and -0.91), 
Halite (-2.55, -2.52 and -2.46), Sylvite (-3.61, -3.49, -3.52). 
For the following minerals, we have results only for GWB and 
SHPECK: Thenardite (-3.32, -2.34); Arcanite (-5.26, -2.54); 
Hydrophilite (-15.56, -14.84); Chloromagnesite (-24.83, -
24.27); MgSO4 (-9.46, -9.01); Lawrencite (-18.19, -17,61), 
FeSO4 (-13.43, -12.87); and Al2(SO4)3 (-63.41, -29.75). One 
can observe that similar results were achieved with all of them, 
differences on the SI values being consequence of using 
different methods to calculate the activity coefficient of the 
solutes. GWB and SHPECK employ an integrated system to 
define when to use Davies, Debye-Huckel or B-Dot equation, 
according to the value of the solution ionic strength. On the 
other hand, PHREEQC requires human decision in order to use 
different solving methods. 
 
[1] Baccar et al (1993) App Geochem. 8, 285-295 [2] Morad et 
al (1990) J. Sediment. Petrol. 60, 411-425 
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Mass and energy transfer in hydrothermal systems is 
controlled by the physical (density) and thermodynamic 
(enthalpy) properties of the fluid. Johnson and Norton [1] 
documented that pure H2O shows large variations in these 
properties with small changes in temperature (T) or pressure 
(P) in a PT region that extends from the critical point (CP) of 
H2O to higher T and P along the critical isochore (critical 
wedge). In this study, we used the SoWat model [2] to estimate 
the properties of H2O-NaCl in the vicinity of the CP for 
compositions ranging from 0 to 30 wt. % NaCl.  

The relative change in density of a fluid as a function of T 
at constant P is defined by the coefficient of thermal 
expansion, α. Along the critical isobar for H2O, α approaches 
infinity at the CP and shows large variation with small changes 
in P or T near the CP. Our results show that addition of NaCl 
to H2O causes the critical wedge to migrate to higher PT 
conditions as the CP migrates to higher P and T, as shown for a 
15 wt.% H2O-NaCl composition in Fig. 1. Compared to H2O, 
the critical wedge for H2O-NaCl compositions is asymmetrical 
because the wedge is truncated on the high T, low P side by the 
two-phase (liquid+vapor) region. The region of anomolous 
fluid properties is stretched from the CP of H2O along the two 
phase boundary towards the critical isochore for a given 
salinity. Our results suggest that the PT region in which 
enhanced mass and energy transport occurs in hydrothermal 
systems is significantly influenced by the fluid composition, as 
suggested by [3].  
 

Figure 1: α (°C-1) for 15 wt.% H2O-NaCl. Inset shows detailed 
area near CP, black line indicates critical isochore. 

 
[1] Johnson & Norton (1991) Am. J. Sci. 291, 541-648 [2] 
Dreisner (2007) Geochim. Cosmochim. Ac. 71, 4902-4919 [3] 
Bodnar & Costain (1991) Geop. Res. Lett. 18, 983-986 
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An increasing demand for high-tech devices containing 

tellurium (Te) will result in more end-of-life products that may 
have associated human and environmental health 
consequences. Though it is commonly enriched in many 
Au/Ag ore deposits, most isn’t recovered, so significant 
amounts of Te are deposited into mine tailings weathering in 
surficial environments that act as a model system for improper 
future waste disposal and may represent a health risk to 
surrounding ecosystems and communities [1]. Tellurium is 
considered to be toxic to humans, TeIV more than TeVI [2]. The 
historic Delamar deposit (Lincoln County, NV) was mined for 
Au from 1891 to 1938 and is in a semi-arid region. Our goal is 
to examine the geochemical weathering of Te in order to assess 
Te bioaccessibility and mobility. 

To that end, two circum-neutral (pH 7.3-8.3) tailings piles 
with strikingly different physicochemical characteristics were 
sampled as a function of depth. Surficial tailings contain 
elevated concentrations of Te (up to 267 mg kg-1) and other 
metals (e.g., Pb, Bi, Cu, and As). These are vulnerable to 
dispersion by wind or surface water erosion [3]. Tellurium 
speciation was examined with X-ray absorption spectroscopy 
(XAS), and bulk fits unexpectedly suggest the predominance 
of TeVI, the less toxic form of Te [4]. Spatial relationships were 
explored with X-ray fluorescence (XRF). Tellurium exhibits a 
strong spatial collocation with S and sometimes with Au, but 
Te is not correlated with Fe even though Te has an affinity for 
iron (oxy)hydroxides [5]. Tellurium is also enriched in smaller 
(<90µm) particles, with 49% by weight below the wind 
transportable threshold of 40 µm. However, the tailings 
containing more small particles are also more cemented, which 
may be reducing the extent of surface erosion. These 
preliminary results lend insight into the potential health 
impacts of Te at Delamar. 

 
[1] Moreno et al (2007) Water, Air, Soil Pollut 179 (1-4),  
93-105 [2] Taylor (1996) Biol Trace Elem Res 55 (3), 231-239 
[3] Meza-Figueroa et al (2009) Chemosphere 77 (1), 140-147 
[4] Grundler et al (2013) Geochim Cosmochim Acta 120,  
298-325 [5] Harada & Takahashi (2008) Geochim Cosmochim 
Acta 72, 1281-1294 
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There are multiple working hypotheses for the formation 
of iron oxide-apatite (IOA) deposits that involve hydrothermal, 
magmatic-hydrothermal, and liquid immiscibility processes. 
Here, we report SEM-EDX observations of supersaline melt 
inclusions entrapped in main-stage magnetite from the Los 
Colorados (LC) mine in the Cretaceous Chilean Iron Belt. The 
deposit consists of two magnetite-rich dykes (1500m strike 
x150m width x 500m height; mean Fe: 48 wt%; max.: 72 wt%; 
70 Mt Fe), which are hosted in meta-andesitic rocks. We 
intrepret the melt inclusions to evince a magmatic origin for 
LC, consistent with supersaline melt inclusions reported for the 
El Laco deposit (Th > 800 °C) [1]. In addition, bulk rock 
analyses were conducted on LC samples from different depths 
(30 to 200 m) within the Fe rich dyke, as well as the dioritic 
host rock. REE concentrations of the dyke and the wall rock 
parallel each other as a function of depth. This is consistent 
with a syngenetic origin, rather than an Fe-rich intrusion into a 
genetically unrelated host rock. However, REE in the host rock 
are an order of magnitude higher than the oxide dyke rock, 
which could be explained by partition coefficients of REE 
between certain minerals and melt (DREE

x/melt). Published data 
indicate that magnetite has a low DREE

mag/melt of 0.003 to 0.02 
[2], while DREE

apatite/melt increases with increasing SiO2 and 
decreasing T [3], which could therefore lead to higher REE 
concentrations in wall rock apatites. A similar observation was 
made for the top of the Bushveld Complex, assuming large-
scale liquid immiscibility between a Fe-rich melt (LFe) and a 
more Si-rich melt (LSi) [4]. Furthermore, the major element 
composition of the LC dykes and host rock is consistent with 
conjugate LFe and LSi reported in published studies [5]. We 
suggest that the Los Colorados deposit formed by large-scale 
liquid immiscibility between LFe (dyke rock) and LSi (wall 
rock), possibly followed by further chromatographic 
enrichment of Fe owing to exsolution of a high-T supersaline 
fluid(s). This interpretation agrees with the chemistry of 
magnetite at LC, which shows evidence for a magmatic origin 
[6]. 
 
[1] Bromann et al (1999), GFF 121, 253–267 [2] Nielsen et al 
(1992), Contrib Mineral Petrol 110, 488-499 [3] Watson & 
Green (1981), Earth and Planetary Sciences Letters 56, 405-
421 [4] Van Tongeren & Mathez (2013), Geology 40, 491-494 
[5] Kamenetsky et al (2013), Geology 41, 1091-1094 [6] Reich 
et al (2014) Goldschmidt Conference. 
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Accurate assessments of the fate of groundwater 
contaminants are needed as the pressure on freshwater 
resources mounts due to increased demand from a growing 
population and decreased supply due to pollution. The 
chemical heterogeneity within contaminated ‘megasites’ 
(containing toxic levels of petroleum hydrocarbons, heavy 
metals, and macronutrients) results in a tangle of co-occurring 
biotic and abiotic transformations, making precise and accurate 
measurements of contaminant removal hotspots v. coldspots 
difficult and limiting the efficacy of above-ground treatment 
strategies (e.g., constructed wetlands). To fill this gap, we 
developed a stable isotope based template to quantify nitrogen 
(N) removal via denitrification and anaerobic ammonium 
oxidation (anammox) within contaminated systems. Work was 
carried out in concert with ongoing monitoring and 
remediation in Leuna, Germany, where >50 years of excess N 
and hydrocarbon loading have caused wide-spread anoxia. The 
concentration and isotopic composition of the primary 
inorganic N species (DIN: δ15N ammonium, and δ15N and δ18O 
nitrite and nitrate) were analysed in groundwater samples 
collected in spring and autumn from 50 wells across the site. 
Notably, although nitrite did not comprise a significant 
proportion of the groundwater N pool, we found 
concentrations up to 100-fold previously reported values, with 
the highest concentrations (1 mg N l-1) associated with 
ammonium concentrations >100 mg N l-1. Variations in total 
δ15N-DIN from -13‰ to +52‰ were used to estimate total N 
removal, which was then partitioned between anammox and 
denitrification removal pathways using variations in δ18O of 
nitrate versus nitrite. By coupling this three-species N isotope 
assessment with hydrologic transport models we produced 
robust isofluxes that overcome the weaknesses associated with 
using nitrate isotopes in complex systems (over-resolving 
mixing models, interference from co-occurring processes, 
inability to assess anammox). This research provides robust 
analytical techniques capable of opening the ‘black box’ of 
megasite biogeochemistry. 
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The suture between the two major units of the Bohemian 
Massif (Saxothuringian to the north and Bohemian to the 
south) is paralleled by the Eger/Ohře Rift with occurrences of 
alkaline mafic lavas that penetrated the surface during the 
Cenozoic (65–4 Ma). Coupled Hf–Os isotope compositions 
were determined in a suite of chemically primitive basanitic 
and olivine nephelinitic lavas (10–16 wt.% MgO; ~300–750 
ppm Cr, ~100–300 ppm Ni) sampled perpendicular to the 
major Eger/Ohře Rift axis in order to trace possible lateral 
and/or longitudinal source mantle variations. Preliminary 
results show highly variable Re (47–682 ppt) and Os (18–396 
ppt) contents associated with initial 187Os/188Os from 0.127 to 
0.160 for most samples. This suggests derivation of magma 
from enriched mantle sources with only limited amount of 
crustal contamination. In contrast, highly radiogenic 
187Os/188Os of 0.427 paralleled by very low [Os] (31 ppt) in one 
sample may hint to moderate degree of crustal assimilation 
although these inferences must be combined with mantle-like 
Sr–Li–O isotope signature. Alternatively, mafic lower crustal 
rocks may be considered an important end member. This 
would largely be consistent with other Cenozoic occurrences in 
central Europe [1]. Hafnium and Lu contents (6–9 ppm and 
~0.3 ppm, respectively) are comparable to, or slightly higher 
than, those found for other Cenozoic alkaline volcanic centres 
in central Europe [1], paralelled by a restricted range in εHf 
(6.1–8.2). The most depleted Hf isotope compositions are 
found for primitive basaltic rocks from the eastern part of the 
Bohemian Massif (SW Poland; εHf=11.9), also carrying 
particularly depleted Sr–Nd signature. These results imply 
progressive eastward-trending mantle depletion of Cenozoic 
alkaline volcanism across Europe, consistent with other isotope 
data (Sr, Nd) [2]. Additional Pb–Hf–Os isotope analyses are 
pending. 

 
[1] Jung et al (2011) GCA 75, 2664-2683 [2] Blusztajn & Hart 
(1989) GCA 53, 2689-2696 
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At the Hess Deep Rift in the equatorial Pacific at the East 
Pacific Rise (EPR), IODP (International Ocean Discovery 
Program) Expedition 345 drilled, for the first time in the 
history of IODP, coherent cores of the deeper part of the lower, 
plutonic crust from a fast-spreading ridge. The drilled cores 
show spectacular modal and/or grain size layering present in 
>50% of the recovered core, validating for the first time the 
use of the ophiolite model for interpreting EPR crust. Typical 
rocks recovered are primitive (Mg# 75-89) olivine gabbros and 
troctolites. A significant first-order observation from this 
expedition is that orthopyroxene was found as an abundant 
cumulus phase in many of the layered primitive gabbroic 
rocks. This was unexpected, since experiments on the liquid 
line of descent of MORB show that orthopyroxene always 
crystallizes late in the sequence of MORB-type systems, in a 
regime where the melt fraction is low, implying interstitial 
crystallization. Recovered rocks at Site U1415, however, show 
orthopyroxene as a prismatic phase in primitive gabbroic rocks 
and even as monomineralic bands in some primitive 
gabbronorites. 

The Mg#’s of ortho- and clinopyroxenes from 18 primitive 
gabbroic rocks from Hess Deep vary within a narrow range 
between 82-90 (clinopyroxene) and 80-86 (orthopyroxene). A 
good correlation between the Mg#'s of orthopyroxene and 
clinopyroxene implies a common evolution by co-
crystallization/fractionation. Half of all analyses of 
orthopyroxene show Cr2O3 contents ≤ 0.1 wt%, indicating that 
these orthopyroxenes do not correspond to relics which 
survived from a melt in equilibrium with mantle. First results 
on trace element analysis of ortho-, clinopyroxene, and 
plagioclase in one primitive olivine gabbro drilled by 
Expedition 345 and in one more evolved gabbronorite from the 
top of the plutonic section of Hess Deep drilled by ODP Leg 
147 reveal chondrite-normalized REE patterns which are very 
similar for the corresponding minerals. The patterns of the 
gabbronorite phases are always slightly enriched, compared to 
those of the primitive gabbro from the base of the crust, 
implying an origin by fractional crystallization from the same 
parental melt. 
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Hydrous partial melting of oceanic gabbro as a 
consequence of fluid/rock interaction at very high temperatures 
is regarded as important processes for the formation of felsic 
lithologies within the oceanic crust. In order to understand the 
principle reaction mechanism of hydrous partial melting in 
detail, we performed water-saturated partial melting 
experiments with mm-sized blocks of unmodified olivine 
gabbro (“microrocks”) as starting material using an internally 
heated pressure vessel. The use of a coarse-grained starting 
material allows us to study the principle reaction mechanism of 
hydrous partial melting of oceanic gabbro in detail. Although 
far from global equilibrium, we observed phase relations and 
compositional trends as expected from a similar experimental 
survey designed for achieving global equilibrium using a fine-
grained powder of the same starting gabbro.  

One significant textural feature of the discontinuous 
hydrous partial melting reaction is that the reaction products 
form two different domains dislocated from each other: (1) the 
formation of anorthite-rich zones on plagioclase/plagioclase 
grain boundaries, and (2) interstitial growth of orthopyroxene 
and amphibole around primary mafic minerals. This is in 
contrast to corresponding equilibrium experiments using a 
fine-grained powder of the same starting gabbro, where the 
newly formed minerals are homogenously distributed within a 
melt phase.  

Detailed petrographic observations in an olivine gabbro 
from the Wadi Rajmi of the Fizh block of the Oman ophiolite 
revealed that this gabbro represents a perfect example of a 
partial melting reaction. All grain boundaries between primary 
plagioclases are characterized haloes of anorthite-rich 
plagioclase, while the mafic primary minerals show reactive 
rims of "interstitial" orthopyroxene and pargasitic amphibole. 
The observed features imply a model on hydrothermal activity 
proceeding on grain boundaries within the deep oceanic crust 
at very high temperatures (900–1000°C) without any crack 
system, a prerequisite in current models for enabling 
hydrothermal circulation.  
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Ascending hydrous magma in nature often undergoes 

segregaton of vapor phase. Given this is a fundament driving 
force of volcanic eruption, there have many efforts to 
understand degassing process of magma. In this study, we have 
focused on an aspect of Li segregation during degassing 
process. Natural rhyolitic obsidian was pre-saturated in H2O at 
210 MPa, 800 ˚C giving approximately 6 wt%. Subsequently 
the pre-saturated samples were isothermally decompressed at 
the rate of 500 kPa/s. The final pressure before quench was 
approximately 70 MPa. The duration of bubble growth was 40 
sec. Some experiments were kept at constant pressure 
conditions immediately after decompression for up to 3 days. 

Lithium abundance in degassed melt varies between above 
and below the initial lithium concentration, from 69 to 74 ppm 
(71 ppm initial concentration). Its isotopic composition of Li is 
heavier by 3 to 5 permil compared to the initial. The annealed 
sample shows similar heavy isotope values, but Li abundance 
is only higher than the initial, no concentraton depletion is 
detected. Due to limited spatial resolution of mircoanalytical 
techniques (SIMS, LA-ICPMS), and dense nucleation sites, no 
systematic profile was found around the bubble. Numerical 
simulaiton accounting for bubble growth and Li diffusion 
shows profiles in melt that are variable in concentration and 
isotopically heavy value due to diffusion fractionation. 
Specifically, significant variaton of Li concentration and shift 
to the heavy value is favored for the condition at which Li is 
compatible to gas phase over melt. When Li is incompatible, 
insignificant quantify to Li leaves the melt thus resulting in 
negligible isotopic fractionation. The profile caused by 
degassing relaxes during steady state anneal. This relaxation 
results in the profile consitent with the composiiton observed 
in the degassing-anneal run. Lastly, our experimental result 
indicate that D(gas/melt) of Li must be between 1 and 10. 
Further tuning of the model is required to determine the ragne 
of Li partition coefficients and equilibrium isotope 
fractionation factors that are consistent with observation.  
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Groundwater with Cl concentration up to 2,000 mg/L was 

found in a shallow alluvial aquifer near a lower reach of a large 
river (Nakdong River, South Korea). We investigated 
hydrogeochemical and isotopic characteristics of groundwater 
in this area to identify hydrogeologic and geochemical 
processes for formation of the saline groundwater. Cl and Br 
showed salinity of groundwater derived mainly from seawater. 
Concentrations of Na, K and Mg were slightly lower and 
concentration of Ca was higher compared to simple mixing of 
river water and seawater. Stable isotopes of water showed that 
groundwater from both upper and lower part of the aquifer 
near the river is not derived from nearby shallow groundwater. 
87Sr/86Sr in groundwater from the upper part of the aquifer was 
nearly identical to nearby shallow groundwater, but 
significantly higher than that of seawater. In contrast, 87Sr/86Sr 
in saline groundwater was lower than that of seawater and 
approach to those of granite in the area. Carbon isotopic 
composition of dissolved inorganic carbon (δ13CDIC) showed 
that carbon source is derived mainly from soil CO2. Dating of 
groundwater by CFCs showed groundwater is older than 50 
years. This indicates that groundwater is effectively isolated 
from recent recharge though anaerobic microbial degradation 
may affect the dating results. 
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Deviatoric stress profoundly influences the distribution of 

melt in viscously deforming, partially molten rocks. Prior to 
deformation of an olivine-rich rock, basaltic melt forms an 
interconnected network primarily along grain edges (triple 
junctions), representing the equilibrium microstructure as 
determined by minimization of interfacial energy. In addition, 
melt wets a small fraction of the grain boundaries due to 
anisotropy in the solid-melt interfacial energy. With the 
application of a non-hydrostatic stress, melt quickly 
redistributes at the grain scale, introducing a pronounced melt 
preferred orientation. Melt pockets align with their long axes 
~20o to the maximum principal stress in triaxial compression 
experiments and at ~25o to the shear plane, antithetic to the 
shear direction in shear experiments. This stress-induced, 
grain-scale alignment of melt produces an anisotropy in rock 
viscosity. In response, melt redistributes over distances greater 
than the grain scale. Two types of redistribution occur. First, in 
torsion experiments, a diffuse migration of melt occurs from 
the outer radius toward the axial center of the sample. Second, 
in simple shear and torsion experiments, melt spontaneously 
segregates into melt-enriched bands spaced at distances 
smaller than compaction length. In Earth’s upper mantle, these 
bands act as high-permeability pathways for rapid melt 
transport and zones of weakness for localizing deformation. 
Once formed, melt-enriched bands thicker than ~10 m will not 
be destroyed by surface tension driven flow in times <150 My 
even if the stress state becomes hydrostatic. However, the melt 
pockets within the bands will quickly adjust to the equilibrium 
microstructure.  
 

Melt distribution in (a) annealed and (b) sheared samples.  
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Geochronologic applications to petrology and tectonics 

commonly attempt to correlate age (t) with temperature (T) or 
pressure (P). Four primary methods are used: (1) Textural 
correlation – e.g. deformed vs. undeformed grains, spatial 
distributions of inclusions, etc. This method assumes that P-T 
conditions of deformation or host mineral growth are known. 
(2) Chemical correlation to mineral growth events – e.g. Y 
zoning in monazite, REE patterns in zircon. Normally this 
method assumes that the whole-rock is reactive and that P-T 
conditions of key mineral reactions (e.g. melting and 
crystallization, feldspar breakdown) are known. (3) Diffusion 
zoning. This method returns rates rather than absolute age, and 
assumes we know diffusion rates and boundary conditions 
precisely. (4) Concurrent measurement of age and T-sensitive 
trace elements, e.g. U-Pb dating plus Zr- or Ti-thermometry. 
This method assumes Ti and Zr equilibration. 

Methods 1-3 are applied regularly, but raise difficult 
questions, e.g.: Are reactions overstepped? Do REE uniformly 
equilibrate? What drives zircon growth? Simultaneous U-Th-
Pb geochronology plus trace element thermometry in 
accessory minerals may yield better precision and accuracy. 
Applications to zircon and titanite show promise, but 
sometimes conflict with petrologic constraints or experiments. 
For example, in the Himalaya, old titanite ages  

correspond with high 
Zr-in-Ttn T’s (≥700 °C; 
figure to left, [1]), 
whereas experiments 
suggest Pb should 
reequilibrate to c. 600 
°C and record only 
young ages. Similarly, 
zircons that span a large 
age range return low Ti-
in-Zrc T’s (600-750 °C) 
that are consistent with 

low Zrc-saturation T’s, but not high petrologic T’s (≥800 °C). 
These discrepancies may point to unresolved issues in 
experimental calibrations (U-Pb closure in titanite), 
equilibration lengths (trace element thermometers), and/or 
petrologically inferred reaction temperatures. Correlating t 
with P remains highly inferential. Raman spectroscopy on 
mineral inclusions (“thermoba-Raman-try”) offers a possible 
solution, although fluorescence in accessory minerals can pose 
an analytical challenge. 
 
[1] Kohn & Corrie (2011) EPSL 311, 136-143 
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The vibrational dynamics of ultra-confined water in single 

crystals of beryl (Be3Al2Si3O18) [1], the structure of which 
contains 4.86 Å diameter channels parallel to the c-axis, was 
studied with inelastic (INS) and quasi-elastic (QENS) neutron 
scattering. The results reveal significantly anisotropic 
dynamical behavior of confined water, and, somewhat 
counterintuitively, show that effective potential experienced by 
water along the channels is significantly steeper than 
perpendicular to them. QENS data show evidence of single-file 
diffusion of water molecules along the channels at higher 
temperatures (up to 370 K), but below 150 K this diffusion is 
strongly suppressed. No such suppression, however, has been 
observed in the channel-perpendicular direction.  

Further high resolution INS measurements of beryl at low 
temperature (1.5 K) show 7 peaks at energies between 0.25 and 
15 meV. The intensity of these peaks strongly decreases with 
increasing temperature (up to 40 K), contrarily to the expected 
behavior of vibrational excitations, which show an increase of 
intensity with temperature due to the thermal population. 
Therefore, these peaks must be explained by transitions 
between the split states of energy levels for water in beryl due 
to water tunneling between the 6-fold equivalent positions 
across the channels of the beryl crystal. This is the first direct 
observation of tunneling of macroscopic particle like water 
molecule by neutron spectroscopy. 
 
[1] L.M. Anovitz, E. Mamontov, P. ben Ishai and A.I. 
Kolesnikov (2013), Phys. Rev. E 88, 052306. 
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Coal production in South Africa has traditionally been 
concentrated in the Highveld region of Mpumalanga Province 
where the contiguous Witbank/Highveld coals supply Eskom 
power stations and other industries. Low-ash washed coals are 
generally produced for export whereas the remaining fractions 
comprise feed coals utilized by Eskom. If the export yield is 
low, run-of-mine coal, or a de-stoned product in which a 
discard fraction has been removed, are burned. Under a 
cooperative agreement between the United Nations 
Environment Programme and the U.S. Geological Survey, we 
compared density separates of a #4 coal, an important coal 
used for power generation in South Africa, to determine the 
impact of the washing process on mercury and trace element 
contents.  

Trace element contents were determined for 8 density 
separates having ash contents ranging from 15.5 to 71.2% (dry 
basis). The separation process is effective in concentrating 
pyrite in the high-ash, higher density fractions. Bulk Hg 
content is well correlated with the amount of pyrite (as pyritic 
sulphur) present, and with ash yield. The density separates 
predict mercury contents ranging from ≤50 ppb for export 
material to 344 ppb for material that is discarded. Laser 
ablation ICP-MS confirms residence of Hg in pyrite at ppm 
levels, together with variable enrichment of Pb, Mo, As, and 
Tl. Unlike Hg, Cl is partitioned into the low-ash fractions. 
Results illustrate differences in the quality of coals produced 
for export and those used for domestic power generation in 
South Africa.  
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We determined pore water profiles of dissolved organic 

carbon (DOC) and its carbon isotopic composition in the Santa 
Barbara Basin to constrain the reactivity and sources of DOC 
that accumulate in these anoxic sediments. DOC concentration 
increased steadily with depth from bottom-water values to ~5 
mM at 4.4 m, the deepest depth horizon sampled. The profile 
was slightly concave-down from the core-top to ~2.0 m depth, 
indicating net production of DOC in this depth zone. An 
inflection point was observed in the DOC profile at ~2.0 m, 
below which the concentration gradient decreased, and was 
linear. The DOC profile below ~2.0 m therefore appears to be 
shaped largely by upward diffusive transport of DOC from 
deeper sediments.  

∆14C values of DOC decreased from -235‰ at 8.5 m to -
485‰ at 4.4 m. An isotope mixing plot constructed from these 
data shows that the DOC diffusing into the base of this core is 
largely devoid of 14C. Based on the ∆14C values of particulate 
organic carbon (POC), and the sedimentation rate reported for 
a nearby site [1], we expect POC at this site to contain above-
background levels of 14C to about 50 m depth. A significant 
component of the DOC diffusing into the base of this core 
therefore appears to originate from the deep subsurface. These 
findings suggest that ∆14C values of pore water DOC might 
provide unique insight into the time and depth scales of 
organic matter remineraliation. 
 
[1] Ingram & Kennett (1995), Proc. ODP Sci. Results 146, 19-
27 
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Contamination of coastal marine sediments with PTEs like 
As, Cd, Cu, Mo, Ni, Pb and Zn is widespread and induces a 
long-term risk to marine ecosystem health. Makirina Bay 
represents a restricted shallow-marine ecosystem located in the 
Central Adriatic area. Makirina Bay sediments are also treated 
as an important source of healing mud (peloid) used for 
different therapeutic purposes. Therefore, the distribution 
characteristics of several PTEs in Makirina bay surficial 
sediments and Codium bursa, very common seaweed in 
Makirina bay, were evaluated.  

To estimate the mobility of PTEs in Makirina bay 
sediments, the 5-step sequential extraction procedure was 
performed. PTEs concentrations in Codium bursa were 
determined using HR ICP-MS. Accumulation of PTEs from 
sediment to Codium bursa was assessed by the calculation of 
transfer factor (TF) [1].  

Results of sequential leaching procedure revealed that the 
most mobile PTEs are Mo and Cd with the major proportion in 
watersoluble and exchangeable fraction. Concentration of 
PTEs in Codium bursa and calculated TF values are shown in 
Table 1. According to results, Codium bursa do not effectively 
transfer selected PTEs from sediment. 

More or less, the TF results confirmed the sequential 
extraction procedure results, the only exceptions are Cd and 
Mo. The latter is probably a consequence of generally low total 
Cd concentrations in Makirina bay surficial sediments (mean 
value = 0.27 ppm) and high anoxic condition on sediment-
water interface (Eh = -430 mV). Mo is predicted to be in the 
IV oxidation state under anoxic conditions, where as only the 
soluble Mo (VI) forms are available for plants [2].  

 
 As  Cd  Cu  Mo Ni Pb Zn 

c [sur. sed.] 14.47 0.27 27.64 13.82 26.51 23.74 47.67 
c  

[C. bursa] 
8.77 0.163 5.55 0.66 7.7 3.63 16.3 

TF 0.6 0.6 0.2 0.05 0.29 0.15 0.34 
Table 1: PTE concentrations in surface sediment and Codium 
bursa, with calculated TF values (all results are expressed in 
ppm).  
 
[1] Kalfakakou et al (2000) HTLM publication 1, 768-786 [2] 
Zimmer et al (1998) Plant biol. 1, 160-168 
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The evolution of the early silicate Earth is still poorly 
understood because of the sparse geological records from 
Hadean-Eoarchean times. The 146Sm-142Nd short-lived 
chronometer has been extensively applied in two areas: the 
Itsaq Complex (SW Greenland) [1, 2] and the Nuvvuagittuq 
greenstone belt (NE Canada) [3]. Reported 142Nd deviations in 
these samples indicate that the differention of the Earth’s 
mantle started in the Hadean eon. Here we present new 142Nd 
measurements on samples from the Acasta Gneiss Complex 
(Northwest Territories, Canada). We measured a large set of 
samples including different types of gneiss, granite, tonalite, 
metadiorite, and metagabbro collected in 7 distinct locations 
around the Acasta river and having ages from 4.0 to 3.6 Ga. 
The studied samples display deficits in 142Nd down to -15 part 
per million (ppm) compared to modern samples and terrestrial 
Nd standards. The 142Nd/144Nd values do not correlate with 
Sm/Nd. The oldest (3.75 to 4 Ga) whole rock samples show 
minor deficits in 142Nd (-3 to -5 ppm), whereas the younger 
(3.73 to 3.6 Ga) ones have significantly more negative 
anomalies (-13 to -15 ppm). Furthermore, a diorite gneiss 
sample belonging to a unit in which Sm-Nd and Lu-Hf 
systematics have probably remained closed (isochrons give an 
age of 4.0 Ga) [4] displays a 142Nd deficit of -3 ppm, whereas 
initial εHf and ε143Nd are both strongly positive. This may call 
into question the initial 142Nd/144Nd value of the Bulk Silicate 
Earth. In addition to rocks from Nuvvuagittuq greenstone belt 
(Canada) [3] and Isua supracrustal belt (Greenland) [1, 2], the 
Acasta Gneiss Complex also documents the existence of very 
early-formed resevoirs that were preserved until the 
Eoarchean. 
 
[1] Rizo et al (2012) Nature 491, 96-100 [2] Rizo et al (2013) 
EPSL 377-378, 324-335 [3] O’Neil et al (2008) Science 321, 
1828-1831 [4] Scherer et al (2010) AGU Fall Meeting, 
Abstract V44B-01. 
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Solidification of the magma-ocean and subsequent mantle-

crust differentiation could have significant influence on the 
evolution of the solid Earth and hydrosphere, but its detail is 
still unclear. Previous studies have suggested that the 
difference in 142Nd/144Nd between chondrites and bulk silicate 
Earth (BSE) resulted from the formation of an incompatible 
element-rich riservoir that had formed in the early Earth and 
then got hidden into the Earth’s interior or lost outside the 
Earth. Althoufh various models for the composition and the 
origin of such a “hidden reservoir” have been proposed, they 
have not focused on the major element condition of the hidden 
reservoir. However, the major element condition is crusial to 
know the density of the hidden reservoir and to examine 
whether the hidden reservoir rised to form the proto-crust or 
sunk in the early mantle. In order to determine the major 
element composition of the hidden reservoir, we estimated the 
melthing condtion for the formation of the hidden reservoir 
with constraints of 142Nd/144Nd and 143Nd/144Nd systematics in 
the ancient and modern mantle.This study assumed that the 
hidden reservoir had formed at plessures less than 10 GPa, on 
the basis of previous studies that estimated the initial depth of 
melt segregation to be at this pressure range in the solidifying 
magma ocean. Then we calculated the Sm/Nd ratio that is 
conformable to the difference in 142Nd/144Nd between 
chondrites and BSE, and estimated the melt fraction that 
satisfies this Sm/Nd ratio. From this calclation, the melt 
fraction was estimated to be <5.2% at 1 GPa, <3.2% at 3 GPa 
and <1.4% at 7 GPa. From these calculated melt fractions and 
previous experimental data, we estimated that the major 
element compositions of the hidden reservoir were 
incompatible element-rich tholeiite, picrite, and komatiite. 
Ancient hotter mantle should have melted at higher pressure, 
but on the other hand, the melt fraction was estimated to be 
small. In order to satisfy the small melt fraction at deep 
melting, the lithosphere must be thick, as suggested by 
Korenaga (2009) who showed the possibility of thick 
lithosphere in the hotter mantle[1]. From these results, a likely 
composition of the hidden reservoir is picrite-komatiite. 
  
[1] Korenaga (2009), Geophysical Journal International, 179, 
154-170 
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About 400 m thick lacustrine sediments are found in 

Haiziping, Luding, 500–900 m higher than the current water 
level of the Dadu River. These lacustrine sediments are 
described as Xigeda layer in the Chinese literature, and their 
formation is regarded as sedimentation from a united lake 
covering the Dadu, the Anning and the middle Yangtze rivers 
during Pliocene [1]. In this study we date the lacustrine 
sediments using the cosmogenic nuclide 26Al/10Be burial 
method. Three lacustrine sediments are taken from different 
elevations, YN09 at 2060 m, YN10 at 1890 m and YN11 at 
1810 m. The burial ages of the three lacustrine samples 
coincide within 1σ errors; the two samples having smaller 
errors, YN09 and YN10, show identical ages, 1.2±0.3 Ma and 
1.2±0.7 Ma, respectively. Taken a weighted mean, the lake 
resulting in the lacustrine sediments in Luding formed 1.2±0.3 
Ma ago. 

Although the burial age of the lacustrine sediments in 
Luding coincides with the age of the lacustrine sediments in 
Panzhihua,1.2±0.3 Ma vs 1.34–1.58 Ma [2], we propose that 
these lacustrine sediments located in different regions were 
deposited from separate lakes. The reasons are: (1) the 
lacustrine sediments lie at different elevations: those in Luding 
lie at 1800–2200 m, whereas the lacustrine sediments in 
Panzhihua lie at 1100–1600 m; (2) the redox state of the 
lacustrine sediments differs: the whole section of the lacustrine 
sediments in Luding is khaki-colored, whereas the lower 
section of the lacustrine sediments in Panzhihua is grey-
colored, which suggests reduced conditions; (3) the lacustrine 
sediments in Xichang, lying between Luding and Panzhihua, 
were deposited much later than those in Luding and Panzhihua 
[Kong, P., unpublished data], suggesting formation of these 
lacustrine sediments in individual lakes. 

 
[1] Yao et al (2007) Adv. Earth Sci. 22, 504–514 [2] Kong et 
al (2009) Earth Planet. Sci. Lett. 278, 131−141 
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A remarkably coherent ensemble of evidence point to a 
significant accumulation of atmospheric oxygen for the first 
time in Earth’s history beginning ca. 2.45 Ga, the so-called 
Great Oxidation Event (GOE). This includes, amongst many, 
the loss of sedimentary sulfur isotope mass-independent (S-
MIF) anomalies from the rock record. However, several trace 
element and isotopic proxies have recently suggested oxidative 
weathering hundreds of millions of years earlier1. This 
apparent discrepancy has been addressed by two models: (1) 
that pre-GOE oxidative weathering is the result of transient 
oxygenation events driven by ‘oxygen oases’ in the marine 
realm, and (2) that oxidative weathering proceeded at 
atmospheric O2 concentrations below 10-5 present atmospheric 
level. We propose here a third model - intense O2 generation at 
sub-meter scales by benthic oxygenic photosynthesis in the 
terrestrial realm. Despite the absence of a UV-protective ozone 
layer in the Archean, a terrestrial phototrophic biosphere may 
have existed in various sheltered environments, including 
biological soil crusts and freshwater microbial mats covering 
riverbed, lacustrine, and estuarine sediments. We calculate that 
the rate of O2 production via oxygenic photosynthesis in these 
ecosystems provides sufficient oxidizing potential to mobilise 
sulphate and a number of redox-sensitive trace metals from 
land to the oceans while the atmosphere itself remained anoxic 
with its attendant S-MIF signature. These findings demonstrate 
the plausible antiquity of a terrestrial biosphere populated by 
cyanobacteria. 

 
[1] Crowe et al (2013), Nature 501, 535-539  
 

 



 Goldschmidt2014 Abstracts  
 

 

1302 

1302 

Ratios of S-Se-Te in terrestrial mantle 
rocks: implications for the formation 

and evolution of the Earth 
STEPHAN KÖNIG*1, AMBRE LUGUET1, 

JEAN-PIERRE-LORAND2 AND D. GRAHAM PEARSON3 
1Universität Bonn, Steinmann Institut für Mineralogie, 

Germany  
stephan.koenig@uni-bonn.de (* presenting author), 

2Laboratoire de Planétologie et Géodynamique de Nantes, 
University of Nantes, France 

3University of Alberta, Department of Earth and Atmospheric 
Sciences, Edmonton, Canada 

 
Sulphur, Se and Te are chalcophile and highly siderophile 

elements (HSE) with near-chondritic ratios and absolute 
abundances in the terrestrial mantle that exceed those predicted 
by core-mantle differentiation [1]. These “excess” HSE 
abundances have been attributed to addition of ca. 0.5% of 
chondrite-like material that hit the Earth shortly after core-
mantle differentiation (Late Veneer [2]). Therefore, like other 
HSE, S, Se and Te are considered potential tracers for the 
composition of the Late Veneer, provided that their bulk 
silicate Earth abundances are properly constrained. In contrast 
to ca. 250 ppm S, Se and Te are ultra-trace elements in the 
terrestrial mantle. Like all HSE, they are furthermore 
controlled by base metal sulphides (BMS) and micrometric 
platinum group minerals (PGMs) [3]. This makes detailed 
mineralogical and petrological studies of BMS and PGM a pre-
requisite to fully understand and accurately interpret the 
whole-rock S-Se-Te signatures.  

Here we demonstrate that the near-chondritic ratios of 
Se/Te in “fertile” mantle rocks (Se/Te ≈ 9) is not a primitive 
signature of the Earth’s mantle, but rather reflects strong 
enrichment in metasomatic HSE host phases, which erased 
previous pristine signatures. Consequently, current attempts to 
identify a potential Late Veneer composition are seriously 
flawed because, neither refertilisation/metasomatism nor true 
melt depletion (e.g. harzburgitic residues) have been taken into 
account to estimate the Primitive Upper Mantle (PUM) 
composition [4]. Our combined whole rock and in-situ 
sulphide data indicate a refertilisation trend towards sub-
chondritic Se/Te ratios (i.e. Se/Te<2) in mantle-derived rocks. 
On the other hand, harzburgites that preserve depletion 
signatures (absence of BMS, low Pd/Ir) show suprachondritic 
Se/Te ratios (< 40). The metasomatic origin of the S-Se-Te 
ratios in peridotites that reflect the control of metasomatic 
BMS and PGMs [5;6], indicate that there is currently no firm 
evidence for chondritic S–Se–Te signatures in the PUM and 
that near-chondritic Se/Te ratios in mantle rocks may not 
readily trace the Late Veneer composition. 
 
[1] Rose-Weston et al (2009) GCA 73, 4598-4615 [2] Kimura 
et al (1974) GCA 38, 683-701 [3] Lorand and Alard (2010) 67, 
4137-4151 [4] Wang and Becker (2013) Nature 499, 328–331 
[5] König et al (2012) GCA 86, 354–366 [6] König et al 
(2014) EPSL 385, 110-121 
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The thermochemical structure, dynamics, and history of 

the Earth’s mantle is best addressed with constraints from a 
wide variety of fields. Although qualitative agreements 
between geochemical and geophysical parameters have been 
pointed out before, a statistical treatment is not usually applied. 
Furthermore, a vertical connection between deep mantle 
geophysical parameters and surface volcanism is often 
assumed. Plume locations at the surface tend to cluster around 
the Large Low Shear Velocity Provinces (LLSVPs) when 
projected down. Consequently, it has been suggested that 
plumes may originate from the edges of LLSVPs, thereby 
potentially sampling two distinct geochemical compositions. 
However, statistically it is the correlations between 
convection-affected (distorted) plume conduits and seismic 
tomography that are significant. The convection-affected 
conduits seem to trace to within the LLSVPs, instead of the 
edge, in which case all plume components may originate in the 
LLSVPs. We expand on these ideas with correlations between 
geophysical and geochemical data to further our understanding 
of mantle structure and dynamics.  

We cross-correlated 27 different geophysical and 
geological parameters to examine whether the geochemistry of 
the convection-affected plume conduits correlates significantly 
with any geophysical parameters in order to further constrain 
the chemical structure of the mantle. We report a significant 
correlation between extreme geochemical compositions of 
lavas with both shallow seismic velocities and the depth extent 
to which a hotspot source can be traced with seismic 
tomography. The simplest explanation for these correlations is 
that buoyantly rising mantle plumes (large depth extent) are 
contaminated with thermally eroded continental material in the 
upper mantle (slowest shallow seismic velocities). These 
results thus contribute to our general understanding of mantle 
dynamics, and to the ongoing debate on the origin of the 
enriched EM1 mantle component. 
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Compositional analysis by Laser Induced Breakdown 

Spectroscopy (LIBS) is ideal for exploratory work since it does 
not require sample dissolution or powdering [1]. Given the 
similar use of emission spectra, data quality similar to ICP-
OES is possible. The most precise data result from a least 
squares regression to the emission spectrum of a laser-induced 
plasma, calibrated with a range of standards. This allows for 
~90% correct classification of igneous rocks [2]. Medium 
precision quantitative measurements can also be made (rms 
errors of 2-8% vs. known values [2-4]). 

In this study we used a portable system (PORTA-LIBS 
2000, 200-800nm, 0.2nm resolution) for shipboard analysis of 
dredge samples to augment hand sample descriptions used for 
sample selection. Matlab was used to 1) calibrate each major 
element across the spectrum; 2) measure SiO2 and Na2O+K2O 
on dredge samples. Three 10-shot analyses per sample result in 
a 2sd SiO2 precision of <3.5 wt% for 95% of the 560 samples. 
The average values also overlap with electron probe micro-
analysis (EPMA) of 15 glasses. Repeat analysis of standards 
suggest ultimate precision better than 1 wt% can be achieved 
with >100 shots per sample. 

Our results show that about 80% of the analysed samples 
straddle the basalt and basanite fields. The samples that plot 
outside these fields are mainly part of a handful of dredges that 
range from these fields toward phonolitic (and trachytic) 
compositions. These dredges sample volcanoes that may not be 
related to the same process causing volcanism (2 located 
across Vitiaz Lineament), or are significantly younger (much 
higher occurrence of glass). Overall, the data quality thus 
allows for observation of trends between (and within) dredges, 
and thus improves shipboard sample selection. 

 
[1] Cremers & Radziemski (2006), 10.1002/0470093013.ch2 
[2] Clegg et al (2009), Spectrochim. Acta B 64, 79-88 [3] 
Gondal et al (2009), J. Env. Sci. Health 44, 528-535 [4] Wang 
et al (2011), JAAS, 10.1039/c1ja10041f 
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The great versatility of rutile in studies on crustal evolution 

and tectonics is becoming increasingly apparent. The mineral 
provides a reliable single-mineral thermometer, capable of 
retaining temperature information during high and ultra-high 
temperature metamorphism. Its HFSE contents can be used to 
investigate the geochemical environment in which rutile 
crystallized. Most importantly, rutile strongly fractionates 
U/Pb and exhibits Pb diffusion at moderate to high 
temperature, enabling U-Pb thermochronology. In this 
contribution, we take advantage of these properties and use U-
Pb dating by LA-MC-ICPMS to further investigate the thermal 
history of rocks from the UHP zone of the Western Gneiss 
Complex (WGC), Norway. 

Millimeter-sized single crystals of rutile from a 
phlogopitite vein in eclogite were mounted and polished to 
expose the geometric cores. Transects of 30-μm laser spots 
were analyzed, yielding well-defined Pb diffusion profiles 
reflected by ages ranging from ~415 Ma in the central domains 
to ~380 Ma in the outermost rims (±2%, 2σ on individual 
spots). The length and amplitude of the Pb diffusion profiles 
were used in conjunction with the well-established and verified 
Pb diffusion parameters [1] to 1) estimate peak temperature 
(~800 °C) and 2) resolve the retrograde thermal history during 
cooling to ~500 °C.  

The conditions and timing of cooling, as constrained 
through rutile micro-analysis and diffusion modeling, is 
consistent with, and further refines the peak-to-retrograde 
thermal history established for the western WGC. This 
demonstrates that spatially resolved U-Pb analysis of rutile can 
be used to reliably constrain cooling histories at moderate- to 
high-temperatures. 

 
[1] Cherniak (2000) Contrib. Mineral. Petrol. 139. 198-207 
 



 Goldschmidt2014 Abstracts  
 

 

1306 

1306 

Layered Intrusions Formation: It’s 
Not Directional Crystallization 

E. KOPTEV-DVORNIKOV* AND A.YAROSHEVSKII 
Moscow State Univ., Moscow, Russia  

(*correspondence: ekoptev@geol.msu.ru) 
 

Directional crystallization is recognized by many 
researchers as leading mechanism of the formation of mafic-
ultramafic intrusive complexes. An alternative point of view – 
settling of crystals through convecting magma (convective-
cumulative process). 

Simulation of Kivakka layered intrusion [1] formation 
carried out in two variants using the program COMAGMAT 
[2]. The figure shows the natural and model distributions of 
compatible trace elements in Kivakka intrusion vertical 
section. Upper row – convective-cumulative model, lower row 
– directional crystallization. The horizontal axis – 
concentration in units normalized to the weighted average 
concentration, the vertical axis – the relative heights 
(normalized to the thickness of the intrusion). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparison of model distributions with natural 

distributions of trace elements show a high degree of realism 
convective-cumulative model of solidification dynamics of 
layered intrusions. 

 
[1] Koptev-Dvornikov et al (2001), Petrology 9, № 1, 3–27  
[2] Ariskin A., Barmina G. (2004), Geochemistry International 
42, № 1, 1–157 
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In the Eskişehir Basin, which is located in western Turkey, 

oil shales occur in alternation with claystone, siltstone, 
conglomerate and coal (lignite) levels in lacustrine deposits of 
Early-Middle Miocene age. In boreholes 37, 52 and 57 opened 
at three locations, oil shales with respective thicknesses of 20, 
25 and 30 m were cut. Organic geochemical features of the 
shale core samples were evaluated based on the results of 
TOC/pyrolysis, GC and GC-MS analyses. 

 Oil shales are represented by very high TOC contents 
(6.32-37.15 wt. %), Hydrogen Index (HI=392-777 
mgHC/gTOC), Potential Yield (PY=35.50-159.32 mgHC/g 
rock) and very low Oxygen Index (OI=13-92 mgCO2/gTOC) 
values. Oil shales with dominant Type II kerogen show high 
HI values, S2/S3 (5.49-56.79) ratios and have organic matter 
sufficient to generate oil. Oil shales posses low Tmax (421-
435oC) and PI (0.01-0.05) values. 

Extremely low Pr/Ph ratios (0.17-0.96) of oil shales are 
indicative of anoxic conditions. C27 is the dominant sterane for 
samples from both wells and surface samples. C28 is dominant 
sterane for only one sample. Normal steranes are more 
abundant than iso- and diasteranes and diasterane abundances 
are very low. 20S/(20S+20R) and ββ/(ββ+αα) sterane ratios 
are also quite low. 

 While oil shale samples have generally low tricyclic 
terpane (C19-C29) abundance, these oil shales were 
characterized by very high C30 (R+S) tricyclic terpane content. 
For all the oil shales C29/C30 hopane, C31R homohopane/hopane 
and moretane/hopane ratios are high and Ts/(Ts+Tm) and 
C29Ts/(C29Ts+C29H) ratios are low. 22S homohopanes are 
recorded in lower quantities in comparison to 22R epimers and 
22S/(22S+22R) homohopane ratio is very low.  
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Karabash town and surrounding areas have been affected 
by gaseous and particulate emissions from the smelter, acid 
drainage from abandoned mine workings, leachates and dusts 
from waste dumps and contaminated stream sediments. 
Multipurpose studies of the Karabash mine wastes allowed the 
determination of the composition of the wastes, the acid mine 
drainages, and the affected groundwater. The authors 
determine the composition of an acid mine drainage, evaluate 
dominant geochemical processes controlling the composition, 
and assess dissolved metal speciation and saturation indexes 
using a combination of laboratory, field and modelling studies. 
Deep electrical resistivity tomography techniques were used to 
trace the geoelectric zoning of the wastes to a depth of 40 m, 
expressed as a consistent change of the electrical resistivity 
specific electrical resistance from zone to zone and to clarify of 
drainage infiltration to groundwater horizon. Layers with low 
resistivity indicate areas with pore spaces filled by highly 
mineralized solutions. These layers extend to depths of 1–15 
m, indicating the penetration of toxicants into the groundwater 
horizon. The pollution of groundwater was confirmed by 
chemical analysis, according to which the concentrations of 
Zn, Pb, Ni, Cu and Cd in water samples from the wells are two 
to three orders of magnitude higher than the Maximum 
Permissible Concentration. 
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It has been controversially debated whether ice-house 
conditions existed within the generally warm climate of the 
Jurassic. Periodically cool episodes at that time have been 
suggested by the finding of glendonites in circum-Arctic basins 
(Price, 1999; Rogov & Zakharov, 2010) and stable isotopic 
results (e.g. Korte & Hesselbo, 2011). Here, we present high-
resolution oxygen-isotope data from marine calcitic fossils 
from different European basins that document strong 
temperature fluctuations during the Pliensbachian-Bajocian 
period, highlighting the Late Pliensbachian cold and the 
Toarcian Oceanic Anoxic ‘supergreenhouse’ Events. 
Moreover, the new data show that very high seawater 
temperatures in the late Toarcian are followed by a rapid and 
strong cooling during the latest Toarcian to early Aalenian. 
This Early-Middle Jurassic Boundary Event was driven by 
significant changes in ocean currents linked to the tectonic 
uplift of the North Sea Dome. The latter blocked the Viking 
Corridor and stopped the transport of equatorial warm waters 
to northern Polar Regions and allowed cold Arctic waters to 
penetrate southwards to palaeolatitudes as low as 45°. The 
strongly decreased heath transport to higher latitudes possibly 
caused the observed shift to ice-house conditions in the Middle 
Jurassic European realm.  

 
[1] Korte C. & Hesselbo S.P. 2011, Paleoceanography 26, 
PA4219 [2] Price G.D. 1999, Earth-Sci. Rev. 48, 183-210 [3] 
Rogov M.A. & Zakharov V.A. 2010, Earth Sci. Front. 17, 
345-347  
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Antimony (Sb) is classified as a priority pollutant, but the 

risks posed by exposure to Sb can be mitigated by the 
precipitation of minerals with low bioaccessibility. The major 
source of Sb is mine wastes, in which Sb almost always occurs 
with arsenic (As). One of the most common As-bearing 
minerals in these wastes is scorodite (FeAsO4.2H2O), which 
has the lowest bioaccessibility of common As-bearing mine 
waste minerals. Antimony and As have many chemical 
similarities (they both are metalloids occurring in Group 15 of 
the Periodic Table) and substitute for one another in several 
minerals. We therefore investigated to what extent and how Sb 
is taken up in scorodite. 

We analysed 36 natural scorodite samples (kindly provided 
by several museums) by microprobe for their As and Sb 
contents. The maximum concentration of Sb found was in a 
sample from Bredda Head, Isle of Mann, with an As:Sb wt. 
ratio of 100:1. Given that the analogous crustal abundance 
ratio is 10:1 As:Sb [2], we draw the conclusion that scorodite 
is likely not a host for Sb and, additionally, most likely 
actively excludes it. 

Using the scorodite synthesis method of [1], we prepared 9 
samples with varying concentrations of Sb, as well As-only 
and Sb-only end members. XRD analysis suggests that the end 
members are scorodite and tripuhyite (FeSbO4), and that the 
intermediate members are not Sb-substituted scorodite, but 
instead are mixtures of scorodite and tripuhyite, with tripuhyite 
becoming more stable with increasing amounts of Sb in the 
synthesis. For example, at a molar ratio of 60 % As to 40 % 
Sb, tripuhyite dominates over scorodite. Chemical digestion of 
the series became increasingly difficult with increasing Sb 
content. We conclude that, despite the chemical similarities of 
As and Sb, Sb is not taken up in scorodite (perhaps due to its 
larger ionic radius compared to As), and that tripuhyite is a 
highly stable and perhaps underestimated environmental Sb-
sink.  
 
[1] Paktunc, D. et al (2008) Geochim. Cosmochim. Acta 72, 
2649-2672. [2] WebElements.com. Accessed 02/02/14. 
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Introduction 

The objective of this study is determining the origin of 
noble gases, CO2 and N2 based on 3,4He, 20,21,22Ne, 36,38,40Ar,7 

8,80,82,83,84,86Kr, and 124,126,128,129,130,131,132,134,136Xe, 12,13C in CO2, 
14,15N in N2. Sixteen samples of natural gases were collected 
from Pennsylvanian and Permian strata of distal part of the 
Polish Basin in the Lower Silesia and Wielkopolska regions.  
Results and disscusion 

Helium with high concentrations ranging from 0.1 to 0.4 % 
in the gases is mostly of crustal origin as indicated by the low 
3He/4He ratios (4–9)×10-8. The calculation of mixing ratios 
among the three end members [1] shows that over 99% of 4He 
is of crustal origin. Small amounts of nucleogenic Ne and 
mantle-derived Ne are added to atmospheric Ne. Isotopic ratios 
for Kr and Xe are close to thosefor atmospheric values, 
although trace amounts of fissiogenic 136Xe may exist in the 
gases. Radiogenic 4He/40Ar ratios are higher than the average 
production rate ratio of about 5 for radiogenic 4He/40Ar in 
crustal materials, which may have been caused by selective 
supply of lighter isotope 4He than 40Ar from crustal rocks 
surrounding the gas reservoirs, or a (U+Th)/K ratio which is 
higher than the crustal average in the reservoirs. Carbon 
dioxide from analysed gases was mainly generated during 
thermogenic processes of transformation of organic matter, 
although some gases may contain an endogenic component. 
Molecular nitrogen concentrations in analysed natural gases 
vary from 15.1 to 64.0 vol%. Analysed gases, which are very 
high in N2/40Ar may have been caused by accelerated 
thermogenic production of N2 gas under the condition of high 
heat flux from volcanic activity during late Stephanian-early 
Rotliegend (Autunian) ages.  

The research has been financially supported by the Polish 
National Science Centre Grant No. 780/N-JAPONIA/2010/0 
and Statutory Grant No. 11.11.140.175 of AGH Univ. 
 
[1] Kotarba & Nagao (2008) Chem.Geol., 255, 426-438  
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Introduction 

Cuddapah Basin and its surrounding areas of the south 
Indian shield have been associated with intense 1.1 Ga 
kimberlitic magmatism and collisional features associated with 
India-Antarctica interaction. In spite of many geological and 
geophysical investigations, the crustal structure and nature of 
geodynamic evolution of this region have been little 
understood. In view of this, we have reprocessed the Deep 
Seismic Sounding (DSS) data acquired across this region, 
which covers all the prominent geotectonic segments [1]. For 
this purpose, we have modelled the first arrival refraction and 
wide angle reflection travel time data. This study provides a 
detail seismic image of the underlying crust and throws a new 
light on its geotectonic evolution. 
Significant Results 

The derived seismic crustal structure differs significantly 
across this region. The southwestern part of the Cuddapah 
basin (near Parnapalle) is found to be associated with the 
signatures of a deep seated late Proterozoic mantle thermal 
anomaly, possibly resulting from a mantle plume. Beneath this 
region, upwarping of high velocity and high-density layers, 
shallowing close to the surface, have been observed. This 
region appears to have been underplated by a thick (15 – 20 
km) high velocity magma layer above the Moho, delineated 
around 44km depth. Similarly on the eastern side of this basin, 
the delineated crustal structure depicts thrusting upwards of the 
shallow to mid crustal layers, beneath the Nellore Khammam 
Schist Belt. This feature conforms to a paleo-continental 
collision. This region is also associated with an unprecedented 
(20 – 25 km) thick magma layer (Vp: 7.0 - 7.3 km/s) above the 
Moho lying at a depth of 45 km. 

 
[1] Kaila et al (1979) J. Geological Society of India 20, 307-
333 
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Ancient eukaryotic DNA in marine sediment can provide 
valuable information on the paleo-environment. Previously, 
ancient eukaryotic DNA has been retrieved from marine 
sediments associated with anoxic water column in lake and 
semi-closed sea, due to the minimized effect of oxic 
biodegradation [1, 2, 3, 4]. Cold seep sediment is characterized 
by high upward flux of methane, where there is the possibility 
that the excess energy source might suppress the degradation 
of deposited organic matter including nucleic acids by 
microbial activity. We investigated the preservation of ancient 
eukaryotic DNA in marine sediments associated with and 
without methane hydrate in the eastern Japan Sea, between 
which the dominant prokaryotic populations are clearly distinct 
[5]. Marine sediments were obtained by a giant piston corer 
during Marion Dufresne Cruise #179 in the eastern Japan Sea. 
For extraction of ancient eukaryotic DNA, two-step alkaline 
DNA extractions, conducted with 0.1 g of marine sediments, 
were newly developed [6]. DNA from living organisms such as 
fungi was removed by the first extraction under mildly heated 
conditions, which was followed by the second extraction. 
Eukaryotic DNA was successfully extracted and 
pyrosequenced from marine sediments associated with 
methane hydrate and ages up to ~90 ka. Based on 18S rRNA 
gene sequences, the diversity of ancient eukaryotic DNA was 
comparable between this study and previous ones. In addition, 
methane hydrate-associated sediments, which are globally 
distributed along the continental margin, have great potential 
to reconstruct the past terrestrial and marine ecology around 
the world over geological timescales.  
 
[1] Coolen et al (2013) PNAS 110, 8609-8614 [2] Boere et al 
(2011) Organic Geochemistry 42, 1216-1225 [3] Edgcomb et 
al (2010) EMI 13, 172-183. [4] Orsi et al (2013) PLoS ONE 8, 
e56335 [5] Yanagawa et al. (2013) JAES (in press). [6] 
Kouduka et al (2011) FEMS Microbiol Lett 326, 47-54 
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Natural organic matter (NOM) affects the fate of 

radionuclides in the environment, either by supporting their 
mobility in water, or by limiting their migration in soils and 
sediments. A better knowledge of radionuclides-NOM 
interactions is needed to better assess nuclear facilities. Eu(III) 
was studied as a chemical analog for actinides(III). Batch 
experiments were done at different Eu(III) concentrations and 
pH, using Suwannee River fulvic acid (SRFA) concentrations 
up to 1 g/L. Eu(III) speciation was investigated by time-
resolved luminescence spectroscopy (TRLS). Two different 
luminescence behaviours were observed (Fig. 1). The first part 
of the isotherms at low C(SRFA) is showing the typical 
luminescence evolution of Eu(III) complexed by humic 
substances [1], At higher concentration (C > 100 mgSRFA/L at 
pH 4, C > 30 mgSRFA/L at pH 6), a second luminescence mode 
that depends of pH is detected and could correspond to a 
different spatial organization of the Eu complex. Generic data 
from NICA-Donnan model [2] were used to predict Eu(III) 
speciation, and further adjusted to experimental data. 
. 

 
 
Figure 1: Evolution of 5D0→7F2/5D0→7F1 ratio depending on 
C(SRFA) at I = 0.1 M, pH 4 (open symbols) and pH 6 (filled 
symbols). 
 
[1] Brevet et al (2009) Spectrochimica Acta A 74, 446-453 [2] 
Janot et al (2013) Geochimica Cosmochimica Acta 123, 35-54 
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Materials and Methods. Major and trace elements 

contents were determined in surface sediments collected in 
2010-2013 along the salinity gradient in the Khai River - Nha 
Trang Bay estuarine system. In order to assess the potential 
metal (Fe, Mn, Li, Cr, Zn, Cu, Pb, Ni, Co and Ag) 
bioavailability in sediments, sediments were objected to the 
selective extractions by 2M nitric acid, 25% acetic acid, 
sodium dithionite, oxalate-ammonium buffer solution, 0.1 M 
sodium pyrophosphate.  

Discussion of Results. According to the sediment quality 
guidelines and reference background values, the total contents 
of Cu, Pb, Ni and, especially Ag exceeded significantly the 
hazardous levels and showed the non-conservative distribution 
in sediments along the salinity gradient. According to the 
comparative extractability from sediments 
(Ag<Ni<Co<Li<Cu<Cr<<Fe<Zn<<Pb<<Mn), the elements 
that were studied can be divided in three groups. Ag, Ni, Co, 
Li, Cr, Cu are low-labile and mainly occur in the residual 
phase. Therefore, the earlier found anomalous total contents of 
Cu, Ni and Ag may be related to the enhanced content of 
metal-rich detrital heavy minerals. Fe and Zn are moderately 
labile and are associated with crystalline Fe/Mn oxides and 
resistant organic compounds that may be a treat in the long 
term. Mn and Pb are labile and mostly held in ion exchange 
positions, bound to easily soluble amorphous Fe/Mn 
compounds and weakly held in organic matter. The high levels 
of acid soluble, alkali soluble and easily reducible fractions 
exhibited by Pb may indicate pollution from anthropogenic 
origin.  

 
The reported study was supported by RFBR, research 

project № 14-05-31059-mol_a. 
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Calcium carbonate (calcite) growth-rate modification 

impacts biogeochemical and industrial processes. Carboxylate-
rich molecules influence calcification by binding to calcite 
mineral surfaces, slowing calcite growth rates. Here we show 
that calcite growth-rates, at calcite supersaturation (Ωc)=4.5, 
were markedly reduced in the presence of part-per-billion 
(ppb) concentrations of cyclopentane tetracarboxylic acid 
(CPETCA)(Figure 1). Calcite growth-rate reduction with 
increasing CPETCA concentration followed a Langmuir 
adsorption model over the concentration range of 0 to 50 ppb 
suggesting that growth-rate reduction occurs by adsorbed 
CPETCA blocking calcite growth sites, on steps, or on open 
crystal faces. Growth morphology in the presence of CPETCA 
(for example, multiple irregular growth steps) was consistent 
with CPETCA adsorption blockage of growth sites on the 
calcite surface. At low CPETCA concentrations, a slow 
CPETCA adsorption step or CPETCA reorientation may cause 
the brief accelerated calcite-growth rate before the steady-state 
reduced calcite growth rate. 
 
Figure 1. CPETCA Anion. 
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Geochemical, lithological and mineralogical features of 
basal uralide beds have been studied in two sections of 
interformational contact zone. Pre-Paleozoic sediments are 
represented by Upper-Riphean basic volcanites. The basement 
is overlaid by terrigenous Upper Cambrian-Lower Ordovician 
sediments with cross-bedding and azimuthal unconformity. By 
silica content the igneous rocks of basement are related to 
ultrabasic rocks (SiO2 37.23–43.26 wt %), to the environments 
of volcanic arcs and active continental margins [2]. The 
presence of feldspar debris testifies to acid magmatic rocks of 
earth crust continental blocks as the source of material [1].  

The studied rocks contain insignificant quantity of 
hydrolysate material of weathering crust, which is 
characteristic of gold-bearing continental Lower Paleozoic 
varieties. Dry land can be suggested here in Late Cambrian-
Early Ordovician time. During vertical movements, related to 
tectonic processes in continental margins at the onset of 
riftogenic stage, the clastic material was carried to low parts of 
the relief. Sequentially the paleovalley was occupied by 
shallow water marine bay. Sandstone-aleurite sediments, and 
on lifted areas – sandstone-gravel sediments, were deposited 
there. Basal conglomerates, characteristic for coastal facies at 
normal transgressive cycle, are absent here. The changes of 
material composition of the rocks upward the section reflect 
the stabilization of tectonic mode and changes of clastic 
sources, where the leading role is obtained by the areas 
composed of non-altered in weathering crust and non-
auriferous acid rocks.  
 

Supported financially by the Program of fundamental 
research UB RAS 12-C-5-1020 “General and local criteria of 
difference of high disperse exogenic and low temperature 
hydrothermal ore-forming systems” 
 

[1] Dickinson, W.R., Valloni, R., Plate settings and provenance 
of sands in modern ocean basins, Geology. 1980. Vol. 8. P. 82-
86 [2] Pearce T. H. Gorman B. E., Birkett T. C. The 
relationship between major element chemistry and tectonic 
environment of basic and intermediate volcanic rocks, Earth 
Planet, Sci. Lett. 1977. V. 36. P. 121–132 
 



 Goldschmidt2014 Abstracts  
 

 

1318 

1318 

Nitrogen-isotopes and multi-
parameter sewage water test for 
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(*correspondance martin.kralik@umweltbundesamt.at) 
 

The application of nitrogen and oxygen isotopes in nitrate 
allows, under favourable circumstances, to identify potential 
sources such as precipitation, chemical fertilisers and manure 
or sewage water. Without any additional tracers the source 
distinction of nitrate from manure or sewage water is still 
difficult. Even the application of boron isotopes can in some 
cases not avoid ambiguous interpretation. 

Therefore the Environment Agency Austria developed a 
new multi parametrical indicator test to allow the identification 
and quantification of pollution by domestic sewage water. The 
test analyses 8 substances well known to occur in sewage 
water: Acesulfame and sucralose (two artificial, calorie-free 
sweeteners), benzotriazole and tolyltriazole (two industrial 
chemicals/corrosion inhibitors), metoprolol, sotalol, 
carbamazepine and the metabolite 10,11-Dihydro-10,11-
dihydroxycarbamazepine (pharmaceuticals) [1]. These 
substances are polar and degradation in the aquatic system by 
microbiological processes is not documented. These 8 
Substances do not occur naturally which make them ideal 
tracers. The test is able to unveil 0.1 % of wastewater in the 
analysed water sample. 

This ideal coupling of these analytic tests helps to identify 
the nitrogen sources in the groundwater body Marchfeld East 
of Vienna to a high confidence level. In addition, the results 
allow a reasonable quantification of nitrogen sources from 
different types of fertilizers as well as sewage water 
contributions close to villages and in wells recharged by bank 
filtration. 

 
[1] Humer et al EGU2013-5332 
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Todate, in the context of calcium carbonate precipitation, 

the role of marine microbes is widely reduced to i) the delivery 
of alkaninity due to anaerobic respiration and ii) the 
concentration of cations by organic molecules. Both inducing 
local supersaturation, governing subsequent mineral formation. 
However, recent studies indicate that also the activity of 
microbial carbonic anhydrase provokes the precipitation of 
copious amounts of calcium carbonate. In particular, the strong 
carbonate precipitation potential of aerobic marine microbes in 
the presence of carbonic anhydrase appears contradictory, as 
CO2 production constricts carbonate formation. The present 
study provides laboratory experiment results of carbonic 
anhydrase-driven calcium carbonate precipitation by the 
marine sedimentary bacterium strain Alcanivorax borkumensis 
SK2 under modern seawater conditions. The analyses of the 
calcium carbonates included the functional relationship 
between the presence/concentration of carbonic anhydrase and 
the onset of precipitation. In addition, isotope-geochemical, 
mineralogical, and high-resolution microscopy methods were 
utilized to constrain the chemical pre-conditions of the bulk 
liquid and to characterize the carbonates. The results showed 
that carbonic anhydrase, produced by the bacteria strain 
induced intense precipitation of high Mg-calcite (14% 
MgCO3), representing a common precursor carbonate mineral 
in the rock record, prone to diagenetic alteration. In the initial 
phase, nucleated crystals appeared in a “dumbbell”-shape, 
progressively evolving to spherical crystals of > 20 µm in 
diameter. The observed shapes resemble micritic carbonate, 
frequently present in the rock record. Based on the study 
results, a conceptual model for carbonic anhydrase-driven 
calcium carbonate precipitation is developed and the potential 
geological relevance of this alternative pathway is discussed. 
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M.J. KRAWCZYSKI1,2 AND T.L. GROVE3  
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2Washington University in St. Louis, Department of Earth and 

Planetary Sciences, St. Louis, MO 
3Massachusetts Institute of Technology, Department of Earth, 

Atmospheric, and Planetary Science, Cambridge, MA 
 

Traditionally two independent approaches are used to 
estimate the pre-eruptive dissolved H2O content in magmas: 
(1) directly measured H2O contents in melt inclusions trapped 
in erupted phenocrysts [e.g. 1,2], and (2) geochemical proxies 
involving plagioclase equilibria [e.g. 3—5]. In general, both 
techniques are well calibrated at H2O-undersatured and 
shallow (<3 kbar) H2O-satruated conditions. However these 
techniques are unable to detect H2O contents >7—8 wt%, due 
to the fact that plagioclase is unstable in melts that contain >7 
wt% H2O, and the open system behavior and/or lack of 
preservation of high pressure melt inclusions. The lack of a 
tool to acurately estimate dissolved H2O content above 7—8 
wt% has led to a biased sample set of pre-eruptive H2O 
contents, and the interpretation that such H2O-rich melts [e.g. 
6,7] are rare and a volumetrically minor component [8]. Recent 
studies on plutonic rocks, and bulk crustal compositions 
suggest that high-pressure, high-H2O fractionation is a 
dominant process at arcs [e.g. 9,10], putting this at odds with 
the canonical interpretation based on melt inclusions, that arc 
volcanics contain 2—6 wt% H2O [8]. 

The use of amphibole chemistry as a proxy for H2O 
content was proposed by [11 and 12], and is calibrated for 
recording dissolved H2O contents in excess of 10 wt%. Here 
we present a survey of published data from plutonic and 
volcanic rocks that shows magma processing in the lower to 
middle crust often involves dissolved H2O contents >12 wt%. 
Amphibole’s lack of a stability field at low pressure and the 
positive correlation between pressure and H2O solubility are 
likely major contributing factors to the underestimation of the 
global significance of H2O-rich primitive melts that are 
processed through volcanic arc systems. 
 
[1] Wallace (2005) JVGR 140, 217-240 [2] Ruscitto et al 
(2012) G^3 13, Q03025 [3] Sisson & Grove (1993) CMP 113, 
167-184 [4] Lange et al (2009) Am Min 94, 494-506 [5] 
Hamada et al (2013) EPSL 365, 253-262 [6] Grove et al 
(2005) CMP 148, 542-565 [7] Moore & Carmichael (1998) 
CMP 130, 304-319 [8] Plank et al (2013) EPSL 364, 168-179 
[9] Dessimoz et al (2012) CMP 163, 567-589 [10] Jagoutz et 
al (2011) EPSL 303, 25-36 [11] Krawczynski et al (2012) 
CMP [12] Ridolfi & Renzulli (2012) CMP 163, 877-895 
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Iron meteorites are remnants of differentiation processes in 
planetesimals. Determination of their subsolidus cooling rates 
is one of the only available methods for estimating the sizes of 
their parent bodies. Cooling rates of iron meteorites are 
typically estimated by modeling the subsolidus evolution of 
exsolved kamacite and taenite [e.g. 1]. However, this approach 
is difficult to apply to meteorites with exsolution patterns that 
are either as coarse as the sample size (hexahedrites), or with 
no clear exsolution textures due to high Ni contents (ataxites) 
[2]. Some classes of meteorites also show variability in their 
estimated cooling rates (e.g. the IVA group), and independent 
estimates are valuable for understanding these variations. 

Troilite is a ubiquitous phase in all iron meteorite groups 
[2], and the distribution of Fe isotopes between it and metal 
can provide information on the cooling rate. The equilibrium 
fractionation of Fe isotopes increases strongly as temperature 
decreases. Slowly cooled metal-troilite pairs will preserve 
larger Fe isotope fractionations than rapidly cooled pairs 
because they are able to equilibrate to lower temperatures. 

We applied a fast grain boundary diffusion model, after 
[3,4], to simulate Fe isotope fractionation between metal-
troilite pairs during slow cooling. Inputs to the model are 
equilibirium Fe isotope fractionation factors, determined from 
new NRIXS data for synthetic taenite and troilite and 
published data for kamacite [5], and Fe self-diffusion data for 
the metals and troilite [6,7]. The model is applied to infer the 
closure temperatures and cooling rates of iron meteorites 
containing metal-troilite pairs with well established grain size 
and Fe isotope compositions.  
 
[1] Yang & Goldstein (2006) GCA, 70, 3197-3215 [2] 
Buchwald (1975) Handbook of Iron Meteorites, UCLA, 1418 
pp. [3] Eiler et al. (1992) Contrib. Min. Petrol. 112, 543-557 
[4] Van Orman et al (2006) GCA 70, 4797-4812 [5] Dauphas 
et al (2012) GCA, 94, 254–275 [6] Lubbehusen & Mehrer 
(1990) Acta Metal. Mater., 38, 283-292 [7] Condit et al (1974) 
Oxidation of Metals, 8, 409-455 
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Trace metals and metalloids (TM) occur ubiquitously in 

rocks, soils, sediments, and aquatic environments. Some TMs 
are essential for normal growth of plants and/or animals and 
humans (e.g., Zn, Cu, Ni, Mo, Se, V, Co, Cr), and deficiency is 
an important issue. On the other hand, most TMs can be toxic 
and/or cancerogenous upon acute or chronic exposure above 
certain critical levels. As, Cr(VI), Cd, Pb, and Hg are among the 
most toxic TMs of environmental relevance.  

Trace metals and metalloids have been utilized by mankind 
for thousands of years, leading to several historic 
contamination peaks detectable in lake sediments and ice 
cores. Today, massive amounts of TMs are mined and 
processed every year, resulting in metal contamination of soils, 
sediments, and aquatic environments. 

Understanding the geochemical behavior, biological 
effects, and biogeochemical cycling of TMs at local to global 
scales involves many challenges for geochemical research. 
Two of our recent studies will be used to highlight some of 
these challenges. The first study investigated the speciation 
and geochemical behavior of arsenic (As) in organic wetland 
soils, revealing the important role of natural organic matter 
(NOM) as sorbent for As. Using synchrotron X-ray absorption 
spectroscopy (XAS), we found that reduced organic sulfur 
groups in peat form strong complexes with As(III), leading to 
low As mobility in peat under reducing conditions and slow 
oxidation of As(III) to As(V) upon aeration of the peat [1-3]. 
The second study aimed at understanding the dynamics of TMs 
(As, Cu, Cd, Zn, Hg) in contaminated river floodplain soils 
affected by periodic flooding. Soil microcosm experiments 
using XAS, electron microscopy, and microbiological 
techniques revealed the formation of TM-bearing nanoparticles 
(metallic Cu(Hg), metal sulfides) by bacteria suspended in the 
pore water during soil reduction, which may render the TMs 
more mobile under sulfate reducing conditions than previously 
assumed [4,5].  

 
[1] Langner, P. et al (2012) Nature Geosci. 5: 66-73 [2] 
Hoffmann, M. et al (2012) Environ. Sci. Technol. 46: 11788-
11797 [3] Langner, P. et al (2013) Environ. Sci. Technol. 47: 
9706-9714 [4] Hofacker, A.F. et al (2013) Geochim. 
Cosmochim. Acta 103, 316–332 [5] Hofacker, A.F. et al (2013) 
Environ. Sci. Technol. 47: 7739–7746 
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The concentrations of metals and arsenic in washed leaves 

and washed and peeled tubers of cassava (Manihot esculenta 
Crantz) growing on uncontaminated and contaminated soils of 
the Zambian Copperbelt have been analyzed. The 
concentrations of Cu in cassava leaves growing on 
contaminated soils reach as much as 612 mg kg-1 (total dry 
weight [dw]). Contents of Cu in leaves of cassava growing on 
uncontaminated soils are much lower (up to 252 mg kg-1, dw). 
The contents of As, Co and Zn in leaves of cassava growing on 
contaminated soils are higher compared with uncontaminated 
areas, while the contents of Pb do not differ significantly. The 
contents of Cu, Zn and Pb in the peeled tubers of cassava are 
much lower than in its leaves. Arsenic is an exception. Even in 
highly contaminated areas, the contents of copper in the leaves 
and tubers of cassava do not exceed the daily maximum 
tolerance limit of 0.5 mg kg-1/human body weight (HBW) 
established by the Joint FAO/WHO Expert Committee on 
Food Additives (JECFA). The highest tolerable weekly intake 
of 0.025 mg kg-1/ HBW for lead and the highest tolerable 
weekly intake of 0.015mg kg-1/HBW for arsenic are exceeded 
predominantly in the vicinity of smelters. Therefore, dietary 
exposure to metals and arsenic through the consumption of 
cassava leaves and tubers has been identified as a moderate 
hazard to human health. Nevertheless, as the surfaces of leaves 
are strongly contaminated by metalliferous dust in the polluted 
areas, there is still a hazard of ingesting high concentrations of 
Cu, As and Pb if dishes are prepared with poorly-washed 
foliage. 

 This study was carried out within the framework of the 
IGCP/SIDA Project No. 594, Mining and the Environment in 
Africa.The work was supported by the Czech Science 
Foundation (project GA ČR P210/12/1413). 

 



 Goldschmidt2014 Abstracts  
 

 

1324 

1324 

A statistical analysis of the carbon 
isotope record from the Archean to 
Phanerozoic and implications for 

atmospheric oxygen 
J. KRISSANSEN-TOTTON1* AND DAVID C. CATLING1 

1Dept. Earth and Space Sciences/ Astrobiology Program, Univ. 
of Washington, Box 351310, Seattle WA, USA 
(*correspondence: joshkt@uw.edu) 

 
Organic and inorganic carbon isotope records reflect the 

burial of organic carbon over geological timescales. Permanent 
burial of organic carbon in the crust or mantle oxidizes the 
surface environment (atmosphere, ocean and biosphere) by 
removing reduced carbon. It is sometimes claimed that both 
organic and inorganic carbon isotope ratios have remained 
approximately constant throughout Earth’s history, thereby 
implying that the flux of organic carbon burial relative to the 
total carbon input has remained fixed and cannot be invoked to 
explain the rise of atmospheric O2 [e.g., 1, 2]. However, the 
opposite conclusion has been drawn from the same carbon 
isotope record [3, 4]. 

To test these opposing claims, we compiled an updated 
carbon isotope database and performed a much more rigorous 
statistical analysis of the carbon isotope records than has been 
done before. We applied both parametric and non-parametric 
models to the carbon isotope record to quantify trends and 
mean-level changes in organic carbon burial with associated 
uncertainties and confidence levels. These analyses also allow 
us to explore whether or not the carbon isotope record is too 
incomplete and noisy to definitively quantify the contribution 
of organic carbon burial to the rise of oxygen. 
 
[1] Schidlowski M. (1988) Nature 333, 313 [2] Holland H. D. 
(2009) Geochim. Cosmochim. Acta, 73, 5241-5255 [3] Des 
Marais D. (1992) Nature 359, 605 [4] Bjerrum C. J. & 
Canfield D. E. (2004) Geochem. Geophys. Geosyst. 5. 
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Studies of natural and artificial isotopes' mobility in major 

components of biogeocenose in close vicinity to Krasnoyarsk 
Mining-Chemical Complex (KMCC) in so called near impact 
zone (approximately 25 km downstream of the reactor cooling 
water discharge point) have been carried since 1997. The study 
has included various components of floodplain biogeocoenose: 
water, alluvial soils, sediments, riverside macrophytes, and 
their rhizosphere.  

The specific activities of natural and artificial isotopes of 
gross rhizosphere and soil samples and in their granulometric 
fractions and chemical fractions were studied. Main 
characteristics of the distribution of the specific activities of 
isotopes with distance from KMCC were revealed. It has been 
shown that main part of the isotopes concentrated in most fine 
and most coarse granulometric fractions of the soil and the 
rhizosphere.  

It was shown that isotope 90Sr is in the most movable form, 
and it is bonded more strongly by the rhizosphere than by the 
soils. Isotopes 137Cs and 60Co is in the most bonded form in the 
soil and the rhizosphere. For isotopes Eu and in some degree 
for 60Со and 90Sr affinity with organic fraction were shown. 
Main part of 238U and 234U isotopes were revealed in residuals 
fractions. 

First data of riverside macrophytes chemical fractionation 
have shown that isotopes in plants are associated significantly 
with exchangeable fraction, with biomass organic matter, and 
in less degree with adsorbed fraction. 

The work was partly supported by RFBR Grants 14-05-
00139 and 14-05-00155. 
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A steep oxygen concentration gradient affects microbial 
community structure in Lake Fryxell, Antarctica, a salinity-
stratified, lake with high biologic productivity. The 3-5 m of 
perennial ice cover inhibits wind mixing and prevents gas 
equilibration with the atmosphere. Water just below the ice is 
supersaturated with oxygen due to gas exclusion during ice 
formation. Oxygen is produced via photosynthesis to a depth 
of about 10.4 m, and is consumed via respiration and oxidation 
of hydrogen sulfide and manganese at depth. Because chemical 
transport is diffusion-limited, these processes create chemical 
gradients in the water column and within benthic mats. The 
absence of physical disturbance, grazing animals, and 
zooplankton allow the mat communities to accumulate over 
decadal timescales in response to persistent, highly seasonal 
environmental gradients. 

In 2012, mat morphology in co-varied with oxygen, light, 
and salinity gradients. Along the lake bottom, microbes grew 
in thick, layered mats. Pigmentation and morphology transition 
with depth in the lake and into the mat. Dissection of purple-
ridged mats that grew just above the oxycline revealed 
consistent lamination. Their metagenomes correlate with 
oxygen concentration with depth in the mat, showing 
significantly different taxonomic and metabolic distributions. 
Superficial, oxygen-saturated laminae had greater abundance 
and diversity of photosynthetic genes, as compared to 
intermediate and deeper laminae. Similar correlations are 
expected for surface mat laminae with increasing depth in the 
lake. Results to date suggest that microbial populations 
physiologically adapt to oxygen gradients at via selection for 
both species and metabolic strategy, as is frequently seen in 
mats. Extension of analyses to spatial variations of surface 
mats will highlight differences and similarities in microbial 
responses to environmental gradients of light, oxygen and 
redox-sensitive ions versus depth within mats. Gradients 
produced in these two ways both produce selective pressure on 
microbial communities, constraining the spatial distribution of 
taxa and metabolic genes. 
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1,2-Dibromoethane (ethylene dibromide; EDB) was a 
commonly used component of leaded gasolines. While the use 
of leaded gasoline has been restricted in most countries, EDB 
persists at concentrations significantly above drinking water 
regulatory threshold at a large percentage of groundwater sites 
that were historically subject to leaded gasoline spills. EDB is 
potentially biodegradable under aerobic and anaerobic 
conditions and may also undergo abiotic degradation in the 
presence of reduced iron species and/or strong nucleophiles. 
However, the assessment of EDB degradation based on 
concentration data alone can be difficult. Similarly to the 
classical applications of compound-specific isotope analysis 
(CSIA), e.g., in the assessment of the fate of chlorinated 
ethenes or MtBE, the same approach may be potentially very 
informative in EDB studies. 

This presentation will summarize the work on definition of 
isotope effects in biodegradation of EDB by anaerobic 
sediment cultures, by Mycobacterium spaghni, a novel 
cometabolic (aerobic) organism recently isolated from an 
EDB-contaminated site and by abiotic degradation pathways, 
conducted as a prerequisite to future applications in 
contaminated site assessment.  

In comparison with typical VOC-class contaminants, 
remedial action of may be required for EDB occurring at 
significantly lower concentrations (drinking water MCL = 0.05 
μg/L) that are inaccessible to typical CSIA methods. 
Moreover, EDB is likely to co-occur with a complex mixture 
of gasoline hydrocarbons, which poses an analytical challenge 
in applications of CSIA to actual environmental samples. To 
address this issue, novel analytical solutions were developed to 
permit a dramatic increase of CSIA detection limits and to 
overcome the limitations of chromatographic resolution. 
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Archaean gabbroanorthosite magmatism is located in the 
north-eastern part of the Fennoscandian Shield and is presented 
by Neoarchean (2.7-2.6 Ga) [1] and Mesoarchean intrusions 
(2.9 Ga).  

The Mesoarchean gabbroanorthosite intrusions are similar 
to the anorthosites of the Fiskenesset Complex (Greenland), 
the Karnataka craton (India) and the Vermillion Lake Complex 
(Canada). U–Pb zircon dating established Mesoarchean ages of 
2925±7 and 2935±8 Ma for the gabbroanorthosites of the 
Patchemvarek and Severny intrusions, respectively. Zircon has 
typical igneous REE patterns and oscillatory zoning. The 
normalized pattern is characterized by a steeply-rising slope 
from the LREE to the HREE with a positive Ce-anomaly and 
negative Eu-anomaly. 

It was shown that the gabbroanorthosite have fairly low 
REE contents (Cen = 2.2–4.2, Ybn = 1.6–2.6) and distinct 
positive Eu anomaly. Comagmatic ultrabasic differentiates 
have practically unfractionated REE pattern, low total REE 
contents (Cen = 1.2, Ybn = 1.1, La/Ybn = 1.32), and have not 
Eu anomaly. The Mesoarchean gabbroanorthosites are 
characterized by positive εNd= +2.77 - +1.66 and Neoarchean 
gabbroanorthosites - εNd= +1.78 - +0.26. The Sm-Nd isotope 
data suggest the existence of several mantle sources in the NE 
Fennoscandian Shield, which produced melts for different-age 
gabbroanorthosite. 

The Mesoarchean gabbroanorthosites were presumably 
derived from MORB-type basalts of oceanic settings, while the 
Neoarchean gabbroanorthosites were generated from 
subalkaline magma formed within plate anorogenic setting.  

The research is supported by RFBR-14-05-92693. 
 
[1] Bayanova T.B. Vozrast repernykh geologicheskikh 
kompleksov Kol’skogo regiona i dlitel’nost' protsessov 
magmatizma (Age of Reference Geological Complexes of the 
Kola Region and Duration of Magmatic Processes), St. 
Petersburg: Nauka, 2004. 
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We have simulated solar wind-based space weathering on 

airless bodies in our Solar System by implanting hydrogen and 
helium into minerals at solar wind energies (~1keV/amu). We 
present the results of the first scanning transmission electron 
microscope (STEM) study using electron energy loss 
spectroscopy (EELS) spectroscopic imaging of these 
simulants. Inner solar-system bodies showing “space 
weathering” effects include the Moon, Mercury and the 
asteroids 4-Vesta and 1-Ceres. Our results are especially 
relevant in light of the recent paradigm shift caused by the 
remote sensing discoveries of hydrogen in the form of 
hydroxyl by the Lunar Crater Observation and Sensing 
Satellite (LCROSS) mission to the Moon and by the direct 
measurement of hydroxyl in Apollo samples.[1, 2] It has been 
demonstrated that the visible/near infrared (VNIR) reflectance 
spectra of airless bodies are dependent on the size and 
abundance of nanophase iron (npFe0) particles in the outer rims 
of regolith grains.[3] However, the mechanism of formation of 
npFe0 in the patina on lunar regolith grains and in lunar 
agglutinates remains debated.[4, 5] This work illustrates that 
npFe0 can be nucleated in orthopyroxene under implantation of 
solar wind hydrogen and helium. Our data suggest that the 
solar wind, particularly the helium component, provides the 
primary solar wind mechanism by which iron is reduced in the 
matrix and npFe0 is nucleated in the outer surfaces of regolith 
grains. This formation mechanism should operate on airless 
bodies in the Solar System. 

 
[1] Colaprete, A., et al (2010) Science 330 (6003), 463-468 [2] 
Liu, Y., et al (2012) Nature Geoscience 5 (11), 779-782 [3] 
Noble, S.K., C.M. Pieters, and L.P. Keller, (2007) Icarus 192 
(2), 629-642 [4] Feldman, W.C., et al (2001) Journal of 
Geophysical Research-Planets 106 (E10), 23231-23251 [5] 
Hiroi, T., C.M. Pieters, and H. Takeda (1994). Meteoritics, 29 
(3), 394-396 
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During the early Paleocene fluvial sediments were 
deposited in the US Western Interior Williston Basin, USA. 
We will investigate if the formation of the coal seams in these 
deposits can be related to orbital climate forcing or to 
processes intrinsic to the sedimentary system. The latter is 
commonly accepted, but the former provides the potential for 
the development of a high-resolution time scale for 
Cretaceous-Paleogene terrestrial sediments. That would allow 
direct correlation of terrestrial and marine records such that 
rates of processes after the Cretaceous-Paleogene bolide 
impact can be compared globally. Furthermore, orbital climate 
control of coal formation might help to better understand 
processes underlying observed cyclic δ13C variations in marine 
records during this time interval. Episodic burial of 
isotopically light organic carbon in coals is one mechanism 
proposed to explain the variation in δ13C implying that cyclic 
occurrence of coal beds is caused by orbital climate forcing[1]. 
Until now these coals received little attention in the context of 
the global carbon cycle, as coals are assumed to result from 
autogenic, i.e. local, processes. Hence, if climate forcing can 
be proven, this new line of research may shed light on the role 
of coal formation in the global carbon cycle. 

 
[1] Zachos et al (2010), EPSL 299, 242-249 
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Helium isotopes were measured in ~1,700 groundwater 
samples collected for the GAMA Priority Basin Project, a 
collaboration of the California Water Boards, USGS, and 
LLNL, in order to investigate the influence of geologic age, 
lithology, and tectonic structure on the spatial variability of 
3He/4He in California groundwater. 3He/4He ratios, corrected 
for air-entrainment, ranged from 0.01 RA to 5.10 RA (RA is the 
3He/4He of air 1.4 x 10-6). Previous work identified 
mechanisms that introduce 3He (magmatism, seismicity) and 
4He (erosion, in-situ and deep-crustal production). To identify 
sources of He and explain variations in the 3He/4He state wide, 
statistical tests were applied to evaluate correlations between 
the geology mapped at the well, the well’s proximity to faults, 
and 3He/4He.  

Correlations between 3He/4He and categorical explanatory 
factors including rock type (sedimentary, plutonic, volcanic); 
Cenozoic age (Holocene, Pleistocene, Tertiary); and sediment 
type (alluvium, glacial, marine, non-marine, sand, volcanic); 
and correlation between the continuous variables 3He/4He and 
the distance of a well to the nearest fault were evaluated. 

Statistical tests demonstrate that 3He/4He ratios in 
groundwater were positively correlated (p-value <0.05) to fault 
proximity. The increase of 3He/4He near faults suggests 
seismic activity as a source of 3He. There also are significant 
differences in 3He/4He between the categorical rock types: 

3He/4He is higher in volcanic than in plutonic rocks, and higher 
in plutonic than in sedimentary rocks. Higher 3He/4He in wells 
located in Cenozoic volcanics may be explained by mantle 3He 
from relatively recent magmatic activity. Other comparisons 
reveal no significant correlations. Identifying the factors that 
explain the spatial variations in 3He/4He is the first step 
towards characterizing groundwater affected by seismic 
activity, 3He from tritium decay, long residence times, and 
crustal degassing. 
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Radiocesium released from FNPPS 

Evaluating total amount of radiocesium (137Cs or 134Cs) 
released from the Fukushima Dai-ichi nuclear power plant 
station (FD1NPPS) accident on March 2011 is essential to 
assess its impacts on the marine environment in the North 
Pacific. Uncertainty of the estimation, however, is still large 
due to limited observational data. We summarize the budget of 
radiocesium based on both observations and model studies. 
Budget of radiocesium 

We estimated the total inventory of dissolved radiocesium 
in the North Pacific to be 15–18 PBq in April–May 2011 based 
on a model-observation comparison. On the other hand, a 
result of integration for deposition on the main land of Japan 
was about 2.4 PBq [1]. In addition, radiocesium in sediments 
off the Fukushima coast was calculated to be the order of 0.1 
PBq. Thereby the total amount of radiocesium in the North 
Pacific was an estimated 18–21 PBq corresponding to 25–30% 
of the preexistent 137Cs derived from nuclear weapon tests in 
the North Pacific before the accident. The total amount of 
direct-discharged radiocesium from FD1NPPS was evaluated 
to be about 4 PBq independently [2] although a larger 
estimation of 27 PBq has been also reported [3]. A difference 
between the sum of the inventories in the North Pacific (18–21 
PBq) and the total amount of direct discharge (4 PBq) gave us 
a data-based estimation of the total amount of atmospheric 
release of 14–17 PBq which was within a range of the 
estimations based on inversion methods from 6 to 66 PBq. 

 
[1] Morino et al (2013) Environ. Sci. Tech. 47, 2314–2322 [2] 
Tsumune et al (2012) J. Environ. Radioactiv. 111, 100–108 [3] 
Bailly du Bois et al (2012) J. Environ. Radioactiv. 114, 2–9 
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The Sahara-Sahel region in Northern Africa is considered 

to be the largest emitter of aeolian dust in the world and 
provides a major component of the atmospheric dust blown 
westwards across the tropical Atlantic Ocean to the Caribbean 
[1]. That such long-range transport occurs has been verified by 
finding the radiogenic isotope signature of African dust in 
aerosols collected at the US Virgin Islands and Tobago [2].  

We report a one-year radiogenic isotope (Sr, Nd and Pb) 
time series of atmospheric dusts at Barbados, collected on a 
monthly time scale in 2007; this is compared with a similar 
seasonal record of dust sampled in 2012 at the Cape Verde 
Atmospheric Observatory. Bulk and PM10 samples were 
collected on pre-cleaned cellulose filters and processed as 
described in [2]. The anthropogenic (leachate) Pb isotopic 
composition is used as a transient tracer in the atmosphere, 
while Sr, Nd and Pb isotopes in the silicate fraction fingerprint 
the provenance of lithogenic, detrital sources. 

The leachate Pb isotopic compositions from Barbados and 
Cape Verde form a well-defined linear correlation. This 
correlation is indicative of mixing between European 
anthropogenic Pb, in agreement with earlier work [3], and a 
more radiogenic source. This source appears to originate from 
North Africa and is possibly represented by soluble carbonate 
dust as measured in the acetic acid leach fraction. The isotopic 
signature of the lithogenic fraction at Barbados and Cape 
Verde constrain dust emission sources to be located in the 
Northwest Sahara and sub-Sahara/Sahel regions, with 
negligible contribution from the Bodélé Depression [4].  

The relative contributions of African vs. European 
anthropogenic sources as well as their evolution in the 21st 
century will be discussed in view of the phase-out of leaded 
gasoline in Europe and most African countries. 

 
[1] Prospero et al (1970) Earth Planet. Sci. Lett. 9, 287-293 [2] 
Kumar et al (2014) Atmos. Env. 82, 130-143 [3] Hamelin et al 
(1989) J. Geophy. Res., 94, 16243-16250 [4] Abouchami et al 
(2013) Earth Planet. Sci. Lett. 380, 112-123 
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Interpretation of global environmental change during the 

Paleozoic largely relies on the geologic archive deposited in 
epicontinental seas, a depositional setting subject to substantial 
geographic and temporal variability. The typical approach has 
been to focus on proxies that can be reasonably inferred to be 
strongly influenced by a global signal; the carbon isotope 
composition of sedimentary carbonates is a good example. 
Simple quasi-steady-state assumptions are invoked, the record 
interpreted as global, and allowances made for the largely 
unknown local overprint of original isotopic spatial 
heterogeneity, amplifications or dampings associated with the 
local response to the global forcing, and diagenesis. Toward 
that end, the goal of data collection was to generate the “global 
curve.” 

Spatially resolved models allow geochemists to put the 
data back on the map and to interpret them in terms not only of 
the global forcing but in terms of local response as well. 
Examples include multi-box models and Earth system models 
of intermediate complexity (EMICs) applied to problems of 
carbon cycle perturbation and ocean anoxia. This approach has 
its shortcomings as well; detailed knowledge of 
paleobathymetry is lacking amd spatial resolution of global 
models is inadequate to resolve the shelves.  

Case studies demonstrate the encouraging persistence of 
spatial-temporal patterns of variation that support the utility of 
and deeper insights derived from a combined approach of box 
modeling and EMICs to interpreting geochemical records 
preserved in epicontinental sea deposits. 
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Tavșanli zone constitutes a separate belt from Kütahya-

Bolkardağ Belt and located at the northern margin of Tauride-
Anatolide platform. It is bounded by the Izmir-Ankara suture 
zones from N and Afyon zone from S. The study area has 
covered the area around Yukari Dolaylar village at southwest 
of Kütahya in Sudöşeği and Korucuk region along Dağardi 
district. This area is formed of from bottom to top Paleozoic 
metamorphic rocks, Jurassic limestone and Cretaceous Dağardı 
ophiolite mélange and later intruded by Eocene Eğrigöz 
granitoid rocks. It was affected by HP/LT metamorphism that 
was appeared in blueschist rocks forming the belt around 
Eğrigöz granite. During Eocene, the study area was affected by 
magmatic events represented by intrusion of Eğrigöz granite 
pluton into Dağardı ophiolitic rocks and other oldest rock 
units. Cu-Pb-Zn mineralization is essentially related to quartz 
veins stockwork which cut the granitoid rocks and/or 
associated with the alteration zones along the fault zone 
directed NW-SE within the highly altered granitoid rocks at 
the southern part of the study area. The main ore minerals are 
chalcopyrite, sphalerite, galena, covelite, digenite and pyrite 
disseminated in the alteration zones and their peripheries with 
quartz veins. According to the petrographic characters, the 
granitoid rocks are strongly foliated and mylonitized along the 
shear zones and are classified into; quartz monzonite porphyry, 
granite and quartz-rich granite. Based on geochemical studies, 
these granitoid rocks are heterogeneous ranging from calc-
alkaline to alkaline nature for quartz monzonite porphyry and 
granite respectively. Also, they are peraluminous potassic and 
ultrapotassic rocks which pertaining to orogenic unfractionated 
S-type granites and A-type granites evolved in a volcanic-arc 
setting. In addition, the geochemical features of altered rock 
samples which hosted Cu-Pb-Zn mineralization revealed that 
they are differentiated into silicification, argillic and 
sericitization within highly sulphidized altered granitoid rocks. 

 
Keywords: Geochemistry, Eğrigöz granitoid rocks, Cu-Pb-

Zn mineralization, Tavșanli zone, Kütahya, Turkey. 
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Quartz is one of the most important rock-forming minerals 
in the Earth’s crust and terrestrial sediments. Dissolution of 
quartz-bearing rocks drives many geological processes from 
hydrothermal ore deposition to soil formation. Quartz 
dissolution is a very slow process and experimental laboratory 
studies at low T conditions are difficult or even impossible. 
Modeling techniques can help to overcome this limitation. 
However, the correct application of modeling results to “real-
world” systems is often problematic. Since most modern 
studies of silicate-water interface operate at the molecular level 
direct upscaling of these data is problematic due to the 
complexity of the crystal surface and a large number of rate-
controlling parameters. Thus, our goal is to understand the 
effects of molecular reactions on dissolution patterns observed 
in experiments. In our previous study we developed a KMC 
model for silicate dissolution that was parameterized by using 
ab initio data [1]. Then, we applied the calculations to predict 
the surface structure of a dissolving quartz crystal at the nm to 
micron scale (Fig. 1), where the dissolution process can be 
observed as a result of the interaction between reactive surface 
features, such as kinks, steps and etch pits. Here, we will 
discuss our KMC simulation results in terms of the kinematic 
stepwave model [2]. We will show that the use of our approach 
can explain important controls of the quartz dissolution realted 
to spatio-temporal changes of surface reactivity distribution.  

 
Fig. 1. The quartz dissolution process: hydrolysis of individual 
bonds leads to the formation of stepwaves and etch pits.  
 
[1] I. Kurganskaya and A. Luttge (2013) J.Phys.Chem.C 117, 
24894-24906 ; [2] A.C. Lasaga and A. Luttge (2001), Science 
291 (5512), 2400-2404. 
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Carbonate dissolution-precipitation reactions have a large 
importance for natural and man-made processes: accumulation 
of marine sediments, oil reservoir formation, growth of 
skeletons and shells of marine organisms, karst formation, rock 
cavitation, failrue due to the CO2 injection, etc. Thus, 
understanding of carbonate-water interaction is critical for our 
ability to predict and influence behavior of many geological 
and geochemical systems. 

Mechanisms and rates of carbonate dissolution have been 
extensively investigated using experimental approaches. 
Studies of surface topography at the micro-scale revealed 
complex dissolution kinetics controlled by surface structure. 
Another remarkable finding was a substantial rate variation 
[1,2], attributed to inhomogeneous spatio-temporal 
distributions of reactive sites[2]. The aim of this study is to 
explain and predict complex carbonate dissolution kinetics and 
identify the sources of this rate variance. In order to reach this 
goal, we employ a Kinetic Monte Carlo (KMC) method as a 
tool capable to explore mechanistic links between the 
dissolution reaction at the molecular and microscopic levels. 
Previously Liang et al.[3] used KMC to demonstrate how 
different orientations and energetics of steps and kink sites 
induce step velocity anisotropy. In this study we extend this 
approach further by applying it to the large systems involving 
linear crystal defects. Here we demonstrate kinetic effects 
caused by the interaction of surface features: steps and kinks 
(Fig.1). We also compare our simulation results with 
experimental AFM and VSI data. 

 
Fig. 1. Dissolving calcite surface (KMC simulations). 
  
[1] R.S. Arvidson, I.E.Ertan, J.E. Amonette, A.Luttge (2003), 
Geochim. Cosmochim. Acta, 67, 1623-1634 [2] C.Fischer, R.S. 
Arvidson, A.Luttge (2012), Geochim. Cosmochim. Acta, 98, 
177-185 [3] Y. Liang, D.R. Baer, J.M. McCoy, J.E. Amonette, 
J.P. LaFemina (1996), Geochim. Cosmochim. Acta, 60, 4883-
4887 
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The Triassic black shale sequence of Kasımlar formation 

in the Anamas - Akseki Platform, Western Taurids, Turkey do 
not show any trace element enrichment. But trace elements 
values of black shales from the Kasımlar formation are broadly 
comparable with those of the average upper continental crust. 
Among the exception are marked slightly enrichments in Zn, 
As, Nb and V. Organic carbon content of the black shales is 
between 0.02 and 0.96 % but reach 3.78 % (averaging as 0.51 
%). The black shales do not show metal/TOC correlation. 

Compared to the black shales of Kasımlar formation and 
upper continental crust; black shales show a significant 
increase in HREE and LREE. Our data show slightly negative 
Ce anomalies (Ce/Ce* as low as 0.94) and positive Eu 
anomalies (Eu/Eu* as high as 3.88). Ce/Ce* and Eu/Eu* values 
recorded in the depositional environment indicate low 
oxygenated and anaerobic (reducing) conditions. 
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Volatility measurements of Primary Organic Aerosol 

(POA) emitted from light duty gasoline vehicles (LDGV) were 
made at atmospherically relevant concentrations under 
conditions where the relative humidity and black carbon 
concentration of the dilution air were varied. The mass fraction 
of POA remaining in the condensed phase was measured under 
3 temperature perturbations (+25, +50, +75oC) using a High-
Resolution Aerosol Mass Spectrometer (HR-AMS) and 
traditional thermo-optical techniques at all experimental 
conditions. A thermo-denuder model based on fitted volatility 
distributions was used to interpret the measurements. 

Results indicate that the median response of all volatility 
experiments can be explained with a single-component 
thermo-denuder model fitted to a volatility distribution similar 
to motor oil, but the fit of this model to all data is relatively 
weak (R2=0.52). A thermo-denuder model based on two 
components has much stronger fit to the data (R2=0.94). The 
volatility distributions of the two components are 
approximately equivalent to semi-volatile motor oil and a non-
volatile source of POA thought to be fuel combustion products. 
Measurements across a fleet of 8 representative gasoline-
powered vehicles show that half of the vehicles had POA 
emissions composed primarily of motor oil and half of the 
vehicles had POA emissions composed primarily of fuel 
combustion products. These results imply that POA emitted 
from motor vehicles is not completely semi-volatile and will 
not completely evaporate in the atmosphere. A comparison to 
previous experiments explains this conclusion relative to 
contradictory results from other published studies. 
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Atmospheric pO2 has changed by orders of magnitude over 

Earth history. However, we lack a coherent theory of oxygen 
dynamics that can explain either the abrupt oxidation events at 
each end of the Proterozoic, or the particular pO2 values 
associated with the intervening periods. We propose that a 
single dynamical framework should be able to explain this 
entire history of pO2. 

Using a simple biogeochemical model, we have shown that 
the oxygen-dependence of organic carbon burial can stabilize 
pO2 at Phanerozoic levels. However, this feedback prevents 
stability at lower Proterozoic levels, unless the increase in 
burial efficiency is balanced by a compensating decrease in 
total primary production [1]. Therefore, there must exist a 
positive feedback linking phosphorus inputs to pO2. This 
relationship may arise from the kinetics of iron oxidation, and 
the increased P adsorption capacity of freshly-formed iron 
oxyhydroxides. 

This system of feedbacks creates a two-state atmosphere, 
in which pO2 remains less than 0.1 PAL until a large 
perturbation drives it toward modern values. The 
Neoproterozoic snowball events, which coincide with a period 
of oxidation, are such a perturbation. Insoluble oxygen is 
pumped to the atmosphere from productive polynyas, but 
limited air-sea gas exchange decouples pO2 from its regulating 
process, marine organic carbon burial. 

In a very low oxygen atmosphere such as the Archean, 
(pO2<10-5 PAL) the stabilizing feedback is likely to be reaction 
with a hydrogen- or methane-rich atmosphere, rather than 
reaction with organic carbon. The concentration of these 
reducing species would then be controlled primarily by 
hydrogen escape. However, a sufficiently large perturbation in 
pO2 would increase thermospheric absorption of solar radiation 
and warm the hydrogen exobase, increasing escape rates. This 
would drive down p(ΣH2) until oxygen could stabilize at a 
higher level: the Great Oxidation Event.  

This perturbation can also be explained by a conspicously-
timed snowball event. A large drop in surface temperature and 
atmospheric water vapor limits OH production, slowing H2 
oxidation kinetics and allowing a transient increase in O2, until 
the stable Proterozoic state is achieved. 

 
[1] Laakso & Schrag (2014) EPSL 388, 81-91. 
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The Oak Ridges Moraine (ORM) is a 160-km long ridge of 

sand, silt and gravel deposits north of Lake Ontario, which 
extends west from the Niagara Escarpment and eastwards to 
the Trent River. Understanding the complex flow system is 
complicated by the regional geology, which includes bedrock 
valleys, till aquifers, aquitards, and eroded tunnel channels. 
The ORM is recognized as a regionally significant 
groundwater recharge area because it is responsible for the 
recharge of aquifers which provide drinking water for 
hundreds of thousands of residents and also provides base flow 
to the headwaters of hundreds of streams.  Understanding the 
groundwater flow system, protection of this region and 
management is an vital matter for the entire region. 

To date most studies use environmental age tracers to 
study flow and mixing in aquifers [1], however on the scale of 
the Oak Ridges Moraine there has not been a study that 
examines the use of multiple environmental age dating tracers 
to constrain the end members.  This study endeavors to use 
geochemical data, including age dating tools to help 
characterize the complex aquifer and flow systems of the Oak 
Ridges.  Using both old and new age determination tools this 
study examines old glacial sedimentology (~130k) to 
considerably younger sediments (~20k) [2] and allows for an 
understanding of the complex flow system within the Oak 
Ridges Moraine, its end members and mixing scenarios. Rare 
gas data combined with stable isotopes and environmental 
tracers will help to understand the different flow systems 
within the ORM, mean residence time, temperature at the time 
of recharge and mixing.   The next step in understanding the 
ages of this complex aquifer system involves accounting for 
age determination issues such as those posed by the influence 
of methane on carbon-14 dating and the connection between 
methane and 13C from carbonate dissolution of old carbonates. 
 
[1] Solomon et al (1995) Ground Water, 33 (6), pp. 988-996 
[2] Barnett et al (1998) Can. J. Earth Sci., 35, pp. 1152-1167 
 



 Goldschmidt2014 Abstracts  

 

1342 

1342 

Sulfur isotopic fractionation during 
planetary differentiation 

J. LABIDI1, A. SHAHAR1, V. HILLGREN1  
AND J. FARQUHAR2 

1Geophysical Laboratory, Carnegie Institution of Washington, 
Washington D.C. 20015, USA 

2Department of Geology, University of Maryland, College 
Park MD, 20740, USA 

 
Early equilibration of the Earth’s mantle with the metallic 

core accounts for the relative depletion of siderophile (iron-
loving) elements in the mantle compared to a chondritic 
reference. The mantle is highly depleted in sulfur such that, in 
addition to its volatile character, this element has been 
suggested to have partitioned into the core.  

Furthermore, the sulfur isotopic composition of the Earth’s 
mantle has has been recently shown to deviate significanlty 
from chondrites, with a 34S/32S isotopic shift of ~1.3‰[1]. In 
this study, we experimentally determine whether the sulfur 
incorporated in the core could have left such an isotopic 
signature on the mantle. 

Preliminary experiments were conducted at 1GPa, at 
temperatures of 1650 and 1750ºC for  2 hours using the 
Geophysical Laboratory’s piston-cylinder aparatus. Starting 
materials consisted of a Fe-rich peridotite composition, Fe and 
FeS. A 32S spike was added to the experiment to prove 
equilibrium has been reached using the three isotope 
technique. Metallic and silicate fractions were then separated 
by hand and S chemical extraction was done using standard 
procedures. Isotope analysis was subsequently performed 
using the University of Maryland MAT 253 gas source mass 
spectrometer.  

Indistinguishable Δ33S values for metal and silicate 
fractions indicate that at the high temperature conditions of our 
experiments, and 2 hour durations isotopic equilibrium was 
systematically reached. There is a resolvable 34S/32S isotopic 
fractionation that consistently showed the silicate fraction to be 
depleted in 34S , consistent with the observed mantle value. We 
found 1000lnαmet-sil to be between 1.2±0.3‰ and 2.9±0.4‰ at 
1650ºC and 0.7±0.3‰ and 2.0±0.4‰ at 1750ºC. The lack of 
isotopic reproductibily is likely the result of the systematic 
occurrence of metallic micro-contaminants in the silicate 
fraction, observed using SEM, such that presented isotopic 
fractionations are minimum values.  

The implication of such S isotope fractionation in terms of 
volatile contents in late-accreted components will be discussed 
at the conference.  
 
[1] Labidi et al (2013) Nature. 501, 208-211. 
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The Great Basin of western North America hosted 
expansive late Quaternary pluvial lakes, yet the climate 
forcings that sustained such large ice age hydrologic variations 
remain controversial. Here, we present a 175,000 year oxygen 
isotope paleoclimate record from precisely-dated vadose zone 
speleothems that document a previously unrecognized and 
highly sensitive link between Great Basin climate and orbital 
forcing. Our data match the phasing and amplitudes of 65ºN 
summer insolation, including the classic saw-tooth pattern of 
global ice volume and on-time glacial to interglacial 
terminations, that resolves the long-standing controversy on 
the role of Milankovitch forcing of western North American 
climate. Because the expansion of pluvial lakes during the last 
glacial period was associated with cold glacial conditions, the 
reappearance of large lakes in the Great Basin is unlikely until 
ca. 55 ka into the future as climate remains in a mild non-
glacial state over the next half eccentricity cycle.   
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Analysis of oxygen and hafnium isotopes of zircon (Zrc) in 
several magmatic suites in the Sierra Nevada batholith (SNB) 
provides a fuller picture of how large intrusive suites in this 
classic Cordilleran batholith reflect variable magma sources 
and super-imposed mixing within the arc crust. 

Figure 1. O-Hf Variations in the Sierra Nevada batholith. 
 

Values of δ18O were analyzed by SIMS and Hf isotopes 
were measured by LA-ICP-MS, and show that the Early 
Cretaceous Fine Gold Suite, and the Late Cretaceous Whitney 
Suite, on the western and eastern sides of the SNB, 
respectively, define the maximum and minimum values of 
δ18O (10 to 4.8‰) and εHf (+12 to –9), showing greater crustal 
input in the west, and more mantle input to the east (e.g. [1]). 
Within individual intrusive suites, O-Hf variations may show 
no correlation (e.g., amoeboidal cluster in Muir Suite), subtle 
binary or ternary arrays (Sonora), or bimodality (Tuolumne, 
Yosemite Creek-Sentinal). O-Hf arrays can be defined by 
zircon grains from multiple samples but  single hand samples 
(typically from small-volume mafic or felsic units), may also 
record the entire variability within a suite. Based on mixing 
arrays toward mantle and crustal δ18O values, we hypothesize 
at least three mantle reservoirs of variable age, and two distinct 
crustal reservoirs. Overall, our data show considerable magma 
mixing and imply dynamic switching of sources as intrusive 
suites are constructed. 

 
[1] Lackey et al (2008), J. Petrol. 49, 1397–1426. 
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Salinity has recently been shown to strongly and 

systematically influence H (-1.5 ‰/PSU) and C (+0.2 isotope 
fractionation in mangrove leaf lipids. The paired measurement 
of both isotopes thus has the potential to yield quantitative 
reconstructions of salinity and water δD from mangrove lipids 
preserved in sediment.  

Existing calibrations are from single samples of one 
species along a subtropical estuary. Large uncertainties remain 
regarding the isotopic signals associated with different 
mangrove species, the season of lipid formation, and the 
residence time of different lipids within a leaf. To address 
these we conducted weekly sampling of the mangroves 
Rhizophora stylosa, Avicennia marina, and Aegiceras 
corniculatum in Mobbs Bay, New South Wales, Australia, 
from September 2012 through July 2013. We measured δD 
values of rain, surface water, xylem water, leaf water, leaf wax 
n-alkanes, and the triterpenoids taraxerol (R. stylosa), 
stigmastanol (A. corniculatum), β-amyrin and stigmasterol (A. 
marina). Our sampling period encompassed the dry and wet 
seasons, and included a large rain event that decreased surface 
salinity by 32 PSU and surface water δD by 30‰. Lipid δD 
values of n-alkanes and triterpenoids decreased in response to 
these changes with a lag time of 2-4 weeks. Our results also 
indicate greater net fractionation in the production of both 
acetogenic and isoprenoid lipids in salt secreting mangroves 
(A. corniculatum and A. marina), as compared to R. stylosa. 
Additionally, we present new calibrations of the H isotopic 
response of mangrove lipids to changing salinity and water δD 
values. 
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From respiration and DNA synthesis to superparamagnetic 
nanoparticles, magnetotactic bacteria and old rusty cars, iron is 
everywhere. Our understanding of iron geochemistry is central 
to the study of carbon and vice versa as it is nearly impossible 
to find an environment where these two elements are not 
conjoined. Iron has a profound effect on the carbon that cycles 
on geological time scales—in sedimentary rocks, in coal and 
petroleum deposits, the balance between carbon preservation 
and remineralization is in part modulated by iron. 
Approximately 20% of the organic carbon buried sediments is 
protected by reducible iron phases, well below the oxic-anoxic 
limit of the sediment where they are no longer 
thermodynamically stable. Iron represents a globally important 
sink for sedimentary organic matter (OM), contributing to 
maintaining the delicate balance of O2 and CO2 in the 
atmosphere. In spite of its importance, the exact mechanism of 
association between iron and OM is not yet known.  We 
postulate that iron and OM form inner-sphere complexes or 
coagulates with reactive iron oxide at oxic-anoxic interfaces, 
preferentially sheltering organic molecules with low C:N 
atomic ratios and enriched isotopic signatures (δ13C). 
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We provide a detailed description of the hyphenation of an 

Aurora 1030C high temperature catalytic conversion DOC 
analyzer, a GD-100 CO2 trap and an open-split IRMS which 
has made possible the high-throughput, automated 
measurements of 13C/12C ratios and DOC concentrations for a 
wide range of aquatic samples. Precision of 13C/12C ratios 
increases exponentially with sample concentration reaching 
0.2‰ or better for high concentration samples (>5 μg mL-1), 
comparable to that obtained in a conventional elemental 
analyzer-IRMS setup. The high system blank is the limiting 
factor in obtaining maximal system performance; optimal 
system blanks values are in the order of 0.2 μg C with an 
isotopic signature varying from -20 to -12 ‰ during the 
lifetime of the combustion column. With appropriate blank 
correction procedures, accurate analyses (0.5‰ or better) can 
be obtained on concentrations as low as 0.5 μg DOC mL-1, 
representing the lower limit typically observed in aquatic 
systems. Sample matrix does not affect reproducibility or 
accuracy; this method is amenable to both freshwater and 
seawater samples. Although no certified DOC standards exist 
for δ13C, we analyzed a consensus reference material from a 
deep-ocean environment (CRM Batch 13 Lot # 05-13, Hansell 
2013) and found a δ13C value of –19.86 ± 0.44‰ (n = 4), 
which corroborates previously reported values for a similar 
sample (Bouillon et al 2006) and is consistent with its marine 
origin. 
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Serpentinization is an important geological process that 

occurs where ultramafic rocks are exposed to fluid circulation 
in the oceanic and continental crusts. Despite much recent 
attention, aspects of serpentinization such as the order of 
reactions, their timing and the direction in which they occur 
are still a matter of considerable debate in the literature. We 
used the synthetic fluid inclusion technique to trap fluids of 
known composition at known P-T conditions in olivine crystals 
to follow in-situ serpentinization reactions in a closed system 
at low water/rock ratios. Pre-fractured olivine crystals were 
loaded into platinum capsules along with a H2O-NaCl-MgCl2 
fluid of seawater concentration (3.5 wt.%) and Na/Mg ratio of 
8:1, then welded shut [1]. The loaded capsules then were 
placed into high-pressure vessels, and P-T were increased to 
5.6 kbar and 600 ºC for 21 days. After trapping of fluid 
inclusions at the selected conditions in the samples, the 
inclusions were examined petrographically before the samples 
were placed into a furnace at ~280 ºC and 1 atm.  

Preliminary results show that serpentinization reactions 
start after a few days in some of the fluid inclusions. 
Mineralogy was monitored by Raman analysis, and we 
observed the formation of brucite and serpentine. After 28 
days, some of the fluid inclusions had consumed nearly all of 
the fluid, leaving the cavity filled with brucite, serpentine and 
halite. Small fractures in the fluid inclusions reveal significant 
volume change during serpentinization. In at least one case, H2 
was detected in the fluid inclusion, showing that the reducing 
conditions inside the fluid inclusion are similar to what occurs 
in nature. However, no magnetite was observed in any of the 
fluid inclusions based on Raman analysis, suggesting that the 
reaction 2(FeO)rock + H2O ⟶ (Fe2O3)magnetite + H2 did not occur, 
and that Fe3+ may instead be incorporated into serpentine or 
another phase. This observation concurs with thermodynamic 
calculations and observations of natural samples in which 
magnetite is formed preferentialy by a secondary reaction of 
brucite and serpentine with higher fluid/rock ratios [2, 3]. 
Current experiments and thermodynamic modelling are being 
conducted in olivine, enstatite and diopside to constrain the 
rate of reaction of the trapped H2O with hosts, to better 
understand these reactions and their overall implications of the 
serpentinization processes. 

 
[1] Bodnar & Sterner, 1987, Hydrothermal experimental 
techniques (ed. G.C. Ulmer and H.L. Barnes) 423-457. [2] 
Bach et al 2006, Geophysical Research Letters 33, L13306 
[3] Frost & Beard, 2007, Journal of Petrology 48, 1351-1368 
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The Neoproterozoic glaciations posit a remarkable 

milestone in Earth history due to their severe influence on 
atmosphere, biosphere, and hydrosphere. Of these, the Sturtian 
glaciation is the longest, lasting for about 50 million years. 
These glaciations, however, remain disputed in terms of the 
timing and synchroneity. Here we demonstrate the Jiangkou 
glaciation in South China, an equivalent of the Sturtian 
glaciation, was initiated at ca. 714 Ma by means of SIMS U-Pb 
zircon dating of intercalated metamorphic tuffaceous siltstone 
beds below the diamictite units. These ages are, within 
uncertainty, synchronous with those documented from the 
Laurentia and Oman, thereby indicating a synchroneity and 
global extent of the Sturtian glaciation. The synchronous 
occurrence of Sturtian glaciation at middle to lower latitudes 
and tropical regions must point to a rapid ice sheet 
advancement process as a response to ice-albedo feedback, as 
has been demonstrated by numerical modeling.  
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Sedimentary rocks and modern sediments sample large 
volumes of the Earth’s crust, and preserve units that vary 
greatly in age and composition. Determining the provenance of 
component minerals is complicated by the ability of some 
minerals to be recycled through multiple sedimentary cycles, 
so minerals from completely unrelated sources may end up in 
the same sedimentary basin. To untangle these multi-stage 
signals, two or more chemical signatures measured in minerals 
with different stability are required, such as K-feldspar and 
zircon.  

New Pb data from throughout the Upper Carboniferous 
Millstone Grit Group clearly indicate two main feldspar 
populations, consistent with previous work [1], but also a 
minor third group which may represent an additional source. 
The proportions of each group are unchanged throughout the 
sequence. Zircon U–Pb analyses group into three main 
populations at c. 450, 1000–1800 and 2700 Ma. The proportion 
of younger ages increases up section, although the new data 
indicate a much greater contribution from Archaean material 
than was previously observed in parts of the sequence [2]. 
However, Hf model ages indicate only two broad groups at 
1500–2500 and 3000–4000 Ma, making this technique too 
imprecise for provenance work in the N Atlantic region. 

Combined, these data create a statistically significant 
database covering c. 14 Ma of deposition in the Pennine Basin. 
Ultimate source areas most likely include the Caledonian 
granites of Scotland, western Scandinavia and Greenland. 
However, the contrasting distributions of zircon ages and Pb 
ratios throughout the sequence suggest different transport 
mechanisms for each. As such, these data have significant 
implications for transport distances and storage of both labile 
and refractory minerals. 

 
[1] Tyrrell et al (2006) J. Sed. Res. 76, 324-345. [2] Hallsworth 
et al (2000) Sed. Geol. 137, 147-185. 
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Energy conservation as electrochemical ion gradients over 

membranes is as universal as the genetic code, yet the origin of 
membrane bioenergetics remains obscure. Alkaline 
hydrothermal vents suggest possible solutions to early carbon 
and energy flux, by providing sustained far-from-equilibrium 
conditions, in which warm alkaline fluids rich in H2 interface 
with acidic oceans saturated in CO2. Natural proton gradients 
across catalytic Fe(Ni)S mineral walls give an electrical 
potential of ~150-300 mV, similar in polarity and magnitude to 
the membrane potential of modern autotrophs. But harnessing 
geochemical proton gradients raises problems: (i) how could 
natural proton gradients be harnessed in the absence of 
coupling proteins; and (ii) later, why and how would protocells 
dependent on natural proton gradients begin pumping ions to 
generate their own gradient? The energy metabolism of 
anaerobes living in hydrothermal environments today, 
specifically methanogens and acetogens that operate close to 
thermodynamic limits, offers clues to the origin of membrane 
bioenergetics. I will suggest a possible scenario that could 
explain the primordial dependence of autotrophic cells on 
proton gradients, the Na+/H+ promiscuity of many membrane 
proteins, the low intracellular Na+ concentration of cells 
relative to the oceans, and the deepest branch in the tree of life, 
the divergence between archaea and bacteria. 

 



 Goldschmidt2014 Abstracts  

 

1352 

1352 

Biogenic Methane Potential of Bowen 
Basin, Queensland Coal Preparation 

Plant Rejects 
S. K. LANE1*, H. ZHENG2, V. RUDOLPH2,  

S. D. GOLDING3,  P. EVANS4 AND P. C. GILCREASE1 
1Chemical & Biological Engineering, South Dakota School of 

Mines & Technology, Rapid City, SD 57701, USA  
2Chemical Engineering, University of Queensland,  

St. Lucia, QLD 4067, Australia 
3Earth Sciences, University of Queensland, 

St. Lucia, QLD 4072, Australia 
4Australian Centre for Ecogenomics, University of 

Queensland, St. Lucia, QLD 4072, Australia 
 

Bowen basin coal (Queensland, Australia) must go through 
a process to remove rocks, minerals, and soil before it can be 
used in coking applications. Magnetite, fuel oil #2, methyl-
isobutyl-carbinol (MIBC), and a proprietary coagulant and 
flocculant are added in this process to maximize coal recovery. 
The reject material still contains up to 80% coal as measured 
by fixed carbon and volatile matter. A coal-to-methane 
consortium enriched from a Surat basin coal seam water 
sample [1] yielded little or no biomethane when cultured with 
four different raw reject samples taken from two different coal 
preparation plants. But when the same rejects were first 
washed and dried under anaerobic conditions to remove any 
inhibitory compounds, biomethane yields were up to 5 times 
greater compared to the unwashed samples. After several 
enrichments on washed rejects, the Surat basin consortia 
yielded 103 µmol per gram of Jameson flotation cell rejects, 
matching or exceeding yields for pure Surat basin coal [1]. 
Magnetite, fuel oil #2, and MIBC additives were then screened 
for inhibition of methanogenesis. No inhibition was observed 
for fuel oil #2 or MIBC, and magnetite enhanced 
methanogenesis for multiple reject samples. Kato et al [2] also 
found that magnetite enhances methanogenesis on ethanol or 
acetate via an electric syntrophy. This leads to the hypothesis 
that either the proprietary flocculant and/or coagulant are 
inhibitory to the methanogenic consortia. Changes in the 
microbial community in response to coal rejects/associated 
additives will be discussed and compared to the Surat basin 
mother culture, along with implications for a commercial scale 
coal-reject-to-biomethane process. 
 
[1] Papendick et al (2011) Int. J. Coal Geol. 88, 123-134. 
[2] Kato et al (2012) Environ. Microbiol. 14(7), 1646-1654 
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The reaction of ultramafic mantle rocks with water to 

produce serpentinite at moderate- to low-temperatures results 
in alkaline fluids, which characteristically have elevated 
concentrations of abiotically produced hydrogen, methane, and 
low molecular weight hydrocarbons. These highly reactive 
systems have major consequences for lithospheric cooling, 
global geochemical cycles, carbon sequestration, and microbial 
activity. The continuous flux of reduced compounds provides 
abundant thermodynamic energy to drive microbial 
chemolithoautotrophy but – paradoxically for systems 
characterized by large carbonate deposits and high methane 
concentrations – a lack of carbon availability may limit 
microbial growth. We focus here on tracking the source and 
fate of both organic and inorganic carbon in serpentinization 
systems, and incorporate recent data from mineralogical and 
petrographic studies with geochemical and isotopic 
characterization of fluids, rocks, and deposits from multiple 
serpentinization environments.  

The primary goals of this work are to (1) identify potential 
zones of microbial activity along the entierty of hydrothermal 
fluid circulation pathways and (2) characterize the differing 
fates of mantle carbon and inorganic carbon in these 
environments. We highlight the central role of the sulfur cycle 
in these processes.  
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The purpose of this study was to examine the 

characteristics of carbon and sulfur cycling in limestone and 
sandstone soils, and the processes affecting the cycling. Soil 
pH, C/N ratio, soil inorganic carbon (SIC) and soil organic 
carbon (SOC) contents, abundances of different facies of 
sulfur, and multiple isotopic compositions (δ13CSOC, δ13CSIC, 
δ34SSO4, δ34SOS) were measured in soil profile samples collected 
from karstic slopes. The sandstone and limestone soils have 
distinct pH values, but show similar SOC contents. The 
variation signatures of the δ13CSOC values along the soil 
profiles can be explained in terms of SOC decomposition, 
input of different plant types (C3 and C4 type plants), and soil 
erosion at upper and accumulation at the lower site. Organic 
sulfur (OS) was the dominant fraction of total S in all soil 
samples. The concentrations of OS in the limestone soils has 
relatively constant δ34S values, but considerable variability in 
the sandstone soils. In general, the sulfate contents of the 
limestone soil samples shows higher δ34S values than the 
sandstone soil samples. The results suggest that the sulfate in 
the top soils of the limestone soil profile has two origins, 
which were derived from atmospheric deposition and oxidation 
of organic sulfur. And the sulfate in the sandstone soils were 
derived from oxidation of sulfur-containing organic matter. 

 
Acknowledgements: This work was supported by NSFC 
(41073099) and 973 program (2013CB956703).  
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Rhyolite is the most differentiated silicate magma type 

erupted on Earth and makes up some of the largest explosive 
eruptions (100-1000’s km3), including those at Yellowstone 
and Long Valley calderas. Documenting pre-eruptive water 
concentrations in these voluminos magmas is a prerequisite to 
understanding what controls their origin, evolution, and 
variable styles of eruption. To date, the most reliable method 
for obtaining information on pre-eruptive melt water 
concentrations in rhyolite melts has been the analysis of 
trapped melt inclusions in quartz phenocrysts. Owing to the 
lack of available phase-equilibrium data prior to 2009, 
application of the plagioclase-liquid hygrometer of Lange et al 
(2009) to high-SiO2 rhyolites with sodic plagioclase (<An35) 
involved an extrapolation beyond the calibration.  In this study, 
we present a revised plagioclase-liquid hygrometer that is 
calibrated on an experimental data set tht includes several 
studies that have been published since 2009 (Tomiya et al, 
2010; Martel, 2012; Waters et al, 2012; Castro et al, 2013) as 
well as additional studies on rhyodacite (Larsen 2005, 2006; 
Martel, 2006). Note that the study of Couch et al (2003) on a 
low-SiO2 rhyolite (71 wt% SiO2) was previously included in 
the Lange et al (2009) calibration. The new plagioclase-liquid 
model incorporates all volumetric and calorimetric data 
available in the literautre for the anorthite (CaAl2Si2O8) and 
albite (NaAlSi3O8) standard-state exchange reaction, and the 
activities of the crystalline components are taken from Holland 
and Powell (1992). The dataset for calibration of the 
plagioclase-liquid hygrometer for rhyolites consists of 211 
fluid-saturated plagioclase-liquid (rhyolite-basalt) equilibrium 
pairs from the literature.  Four filters were applied to the data 
set: (1) crystallinity < 30%; (2) pure-H2O fluid saturated; (3) 
compositional totals (including H2O component) of 96-101% 
for hydrous quenched glasses; and melt viscosities are < 5.1 
log10 Pa-s. The final dataset spans a range in liquid 
composition (45-79 wt% SiO2), plagioclase composition  
(An17-95), temperature (750-1244°C), pressure (0-400 MPa), 
and H2O concentration (0-6.8 wt%). The standard error 
estimate for the model is ± 0.4 wt% H2O and all liquid 
compositions are fitted equally well. The results are applied to 
rhyolitic magmas from Long Valley and Yellowstone, among 
others. 
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The oxidation of sulfide minerals in waste rock can 

produce acid-rock drainage (ARD), which is characterized by 
low pH, elevated SO4 concentrations, and the increased 
mobilization of metals such as Co and Ni. A laboratory- and 
field-scale project was conducted to examine the generation of 
ARD in a low-sulfide, run-of-mine, waste rock in the Canadian 
Arctic. As part of this project, rock with different 
concentrations of sulfide minerals (primarily 4C-pyrrhotite 
[Fe7S8] containing trace quantities of Co and Ni) and calcite 
were weathered in the laboratory and in the field to examine 
mineral alteration and element release rates. Grains from 
different periods in the experiments were analyzed for element 
oxidation states and secondary mineral formation. These 
characteristics were evaluated with leachate geochemistry to 
compare weathered mineral conditions and corresonding ARD 
geochemistry. Application of x-ray spectroscopy techniques 
including SEM, µ-XRD, and synchrotron radiation were used 
to evaluate the transformation of pyrrhotite to a shrinking 
sulfide core with intermittent layers or areas of marcasite 
[FeS2], polysulfides, elemental sulfur, and Fe(II)- and Fe(III)-
(oxyhydr)oxides. The relation of S and Ni is strongly 
monotonic in leachate from the field-scale experiment but not 
as strongly correlated in leachate from the laboratory 
experiment. As the pyrrhotite is transformed to various S and 
Fe minerals, retention or release of Co and Ni, which 
preferentially remain in the +2 oxidation state, is correlated 
with the oxidation state of S. This relation can be used to 
interpret the weathered state of pyrrhotite from the subsequent 
ratio of the elements in the leachate. Identifying the generation 
of oxidation products from the evolving transformation of 
pyrrhotite in this climate assists in understanding appropriate 
element-release rate factors for prediction of ARD. 
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An experimental study was carried out on the arsenic 

removal (1) by water hyacinth (Eichhornia crassipes Mart. 
Solms) in a greenhouse (2). In the first experiment matured 
water hyacinth was tested for its tolerance for varying 
concentration of As, 10.0, 20.0, 50.0 and 100.0 mg/L. In the 
second experiment, water hyacinth at different stages of 
maturity, viz. sprouting, flowering, and matured  were placed 
in contact with As at a maximum tolerance level   of 100.0 
mg/L  where maximum bioaccumulation took place. 
Results and Discussion 
Water hyacinth was exposed to As at 100 mg/L for various 
periods, 0, 2, 12, 24, 48 and 120 hours and the As 
accumulation was assessed.  Highest uptake of arsenic was 
recorded in the leaves of sprouting plant (12hrs) with transfer 
factor of 200 as well as roots of both flowering (48hrs) and 
matured (120hrs) with transfer factor of 5400 and 6500, 
respectively. Matured water hyacinth plants were found to be 
the best in remediating arsenic contaminated waters. This 
technique may be used to treat effluents rich in arsenic.  
 
[1] Laniyan, 2012 PhD thesis University of Ibadan. Pp 122-
211; [2] Gupta 1980 J. Environ Health, 43 (2), 80-2 
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Silica nanoparticles (NPs) have attracted extensive interest 
due to their stability, cost and functional properties. 
Particularly, for Oil recovery applications, an interest 
phenomena is how these NPs can affect or be affected by the 
interaction with clays found in oil reservoirs. Using molecular 
dynamics calculations, we simulated the clay swelling effects 
under the presence of hydroxylated  and functionalized silica 
nanoparticles adbsorbed onto Montmorillonite (MMT) 
surfaces The systems have been modeled considering clay 
layers filled by brine (NaCl + CaCl2) and brine+NPs. The type 
and the ion concentration can significantly affect the swelling 
phenomena. For a given salt concentration, when the NP is 
only dispersed, an expansion is observed. In contrast, a 
compression between the clay layers occurs with the NP 
adsorption on the MMT surface (Fig.1a).  Our MD results 
suggest the formation of electrical double layers (EDL) in both 
NP and MMT surfaces (Fig.1b). When the NP is not adsorbed, 
there is repulsion between the EDLs, which leads to the 
swelling in the MMT. For the NP adsorbed, due to overlap 
between the EDLs, there is an increasing in the ions 
accumulation on the MMT surface, resulting in an attractive 
potential and a compression of the layers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 1: a) Mechanism of swelling clay with and without 
inclusion of nanoparticle; b) Electric double layer see in 
Charge density profile in the NP (Hydroxylated NP) 
presence. 
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Previous workers have considered that O2 content in the 

Phanerozoic atmosphere was relatively stable compared to the 
Precambrian. However we present a very different scenario of 
significant, systematic cycles in atmosphere-ocean O2 contents, 
on wavelengths of 70 to 150 Ma, that have had an influence on 
ocean trace element nutrients, organic productivity, ocean 
anoxia, petroleum source-rock generation, glaciation events, 
marine metal deposition and mass extinction events. An 
integrated Earth-Ocean O2 cyclic pattern places major marine 
geochemical and geo-biological events through the 
Phanerozoic into a systematic framework. 

The selenium content of sedimentary pyrite has been 
demonstrated to be a robust proxy for ocean-atmosphere 
oxygenation et al[1], and is used here as the basis for the 
recognition of five cycles during the Phanerozoic. Cobalt in 
sedimentary pyrite is concentrated during periods of low O2 
and exhibits the opposite pattern to Se. Cycle peaks that 
represent periods of maximum trace metals in the ocean, 
leading to maximum productivity and O2 occur around 515, 
395, 310, 235, 150 Ma and the present. Cycle troughs that 
represent periods of trace metal deficiency (but Co 
enrichment), sulfidic oceans, minimum O2 and marine 
extinction maxima occur at 450, 370, 295, 200 and 70 Ma. At 
present the Earth is at the peak of the sixth cycle, enjoying a 
period of maximim ocean O2, nutrient trace elements and 
organic productivity.  
  
[1] R. R. Large et al Trace element content of sedimentary 
pyrite as a new proxy for deep-time ocean–atmosphere 
evolution. Earth. Planet. Sci. Lett. 389, 209 (2014). 
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During sedimentation and diagenesis of carbonaceous 

shales in marine continental margin settings, gold is adsorbed 
from seawater and organic matter and becomes incorporated 
into framboidal pyrite. By measuring the gold content of 
sedimentary pyrite in least deformed black shales we have 
been able to track, in a first order sense, the gold content of the 
ocean through time. These data suggest that gold was enriched 
in the Meso- and Neoarchean oceans, several times above 
present values, then dropped by an order of magnitude from 
the first Great Oxidation Event through the Paleoproterozoic to 
be at a minimum, well below current levels, around 1.6 Ga. 
Gold content of the oceans then rose through the 
Mesoproterozoic and dropped again in the Neoproterozoic. 
Approaching the end of the Proterozoic, gold rose in steps over 
the period 750 to 540 Ma during the second Great Oxidation 
Event. In the Phanerozoic our data suggests gold had a 
strongly cyclical pattern with wavelengths of 50 to 150 Ma.  

In the Archean and Proterozoic the gold content of 
seawater matches the time distribution of  high Mg greenstone 
belts and BIFs, suggesting that increases in atmosphere 
oxygenation combined with the higher background of gold in 
komatiitic and Mg-rich basalts in greenstone belts are the first 
order causes of the pattern of gold enrichment in seawater. In 
the Phanerozoic, where komatiite-bearing greenstone belts are 
absent, the gold in seawater cycles continue to show a 
relatively good match with cycles of oxygenation of the 
atmosphere. This suggests that oxidative erosion of pyrite-
bearing continental rocks, accompanied by increased organic 
productivity in the oceans, led to increased drawdown of gold 
into carbonaceous seafloor muds.  
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The bulk of microbial activity in natural environments can 

be assigned to one of three states: 1) growth, 2) maintenance or 
3) persistence.  In addition to nutrients and water, the main 
factor determining the specific state occupied by the majority 
of a microbial population is the amount of available energy. 
That, in turn, is a function of environmental variables such as 
temperature, pressure, pH and chemical composition, which 
can readily be quantified for just about any environment using 
equations of state and thermodynamic data reported in the 
literature. However, determining how much energy 
microorganisms require to grow, maintain or persist in natural 
settings is not well understood. The purpose of this study is to 
put quantitative limits on the boundaries between these 
metabolic states. Because energy demand, like supply, is a 
function of environmental conditions, there is no singular 
energy value that characterizes one metabolic state from 
another. For example, the amount of energy required to 
synthesize all the biomonomers that comprise a prokaryotic 
organism varies from about 18 to 1.4 kJ (g cells)-1 depending 
on the oxidation state of the environment [1].  

In this study, we establish methods for quantifying the 
energy required to synthesize new biomass (including 
biomacromolecular polymerization, 0.3 kJ (g cells)-1), 
delineate the rate at which energy is needed for maintenance 
for a diverse set of metabolisms (varying over 5 orders of 
magnitude), compute the power needed to prevent cellular 
decay and compare these values to the power supplied in low-
energy environments (deep marine sediments).  Since energy 
demand is a function of time, results are reported in terms of 
power (Watts). 
 
[1] Mccollom T.M. and Amend J.P. (2005) Geobiology 3, 135-
144.  
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The magmatic systems that feed arc volcanoes are 

undeniably complex. Beginning in the slab and mantle wedge 
regions, volatile-charged arc magmas traverse a long, tortuous 
journey to the surface. The processes that create the magmas 
we study from surface deposits are variably understood 
depending on our ability to resolve different depth ranges in 
the crust using geophysical and petrological tools. For 
example, we know much more petrologically about the 
shallow crust than the deep crust, which is more difficult to 
access using experiments or thermobarometric models. There 
are four categories of processes that could influence eruption 
style from arc volcanoes:  1) Tectonic controls – many studies 
point to geodynamical controls resulting from subduction that 
influence the overall geochemical character of arc volcanoes, 
yet fewer studies address upper-plate tectonic influences on 
magmatism. 2) Geochemical controls – how do crustal 
geochemical processes geochemically shape the magmas 
staged in the shallow crust prior to eruption? Crystal-choked 
andesite-dacite magmas versus phenocryst-poor basalt to 
basaltic andesites have very different viscosities, volatile 
contents, and compositions before ascent begins. 3) Extreme 
changes in P-T-X and viscosity happen during final ascent 
from storage in the crust primarily due to volatile exsolution. 
Coupled with the physical state of the conduit, these changes 
influence eruption style even within a single episode fed by 
one magma composition. 4) Shallow depth to surface 
phreatomagmatic processes can cause highly explosive, 
sustained ash producing eruptions from typically mafic 
volcanoes not only in Alaska (Okmok) but also in Iceland and 
elsewhere. Isolation of one category that is the most influential 
in producing the differing eruption styles observed at all 
volcanoes is perhaps not a tractable research problem. Rather, 
it is most likely the case that multiple factors combine in some 
way to produce a typical eruption style at a given volcano 
located within a specific sector of the arc. This talk will review 
past accomplishments and outstanding questions that remain in 
our quest for understanding arc magmatic systems and what 
controls eruption style, with a focus on the Aleutian-Alaskan 
subduction zone.  
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Fundamental understanding of the complex chemistry of 
light absorbing atmospheric aerosols (aka Brown Carbon - 
BrC), their physico-chemical properties and environmental 
impacts is a challenging task because no single method of 
analytical chemistry is capable of providing the full range of 
analytical chemistry information. Micro-spectroscopy 
approaches can visualize individual particles and their internal 
structures; however, they largely exclude molecular-level 
information, and are limited to elemental and chemical 
bonding characterization. Contemporary methods of high-
resolution mass spectrometry can provide detailed information 
on the molecular content of BrC, but these methods use bulk 
particle samples and provide no knowledge of the individual 
particle composition. Therefore, application of complementary 
analytical methods of chemical analysis is necessary for 
comprehensive characterization of aerosol properties ranging 
from bulk molecular composition of BrC constituents to 
microscopy level details of individual particles. Combined 
assessment of the results provided by complementary 
analytical chemistry techniques offers unique insights to 
understand the composition and physico-chemical properties of 
BrC aerosols determining their effects on air quality and 
climate. This presentation will give an overview of our recent 
field and laboratory studies of BrC with an overall goal to 
understand fundamental relationship between chemical 
transformations of airborne particles and their environmental 
and climate impacts. 
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The use of uranium as a fuel for energy and nuclear 
weapons has resulted in significant environmental challenges 
both in remediating U contaminated sediments and 
groundwaters, as well as in selecting geological disposal 
facilities to house spent radionuclide waste. The geochemistry 
of uranium is often dominated by its oxidation state, with 
U(VI) (uranyl)  species recognized as more mobile and soluble 
than reduced U(IV) species such as uraninite (UO2). However, 
recent advances highlight that the geochemstry of U(IV) is 
more diverse than previously recognized. Here, we show that, 
following reduction of U(VI), mineral surfaces can stabilize 
U(IV) as adsorbed complexes. By using X-ray absorption 
spectroscopy (XAS) and electron microanalysis techniques we 
establish that reduction of low surface loadings of U(VI) at 
model mineral oxide surfaces (rutile and magnetite) results in 
the formation of inner-sphere U(IV) surface complexes.  

We find that U(IV)-mineral surface complexes form both 
through direct electron transfer between magnetite (Fe3O4) and 
U(VI), as well as by reduction of U(VI) at the TiO2-water 
interface by the model soluble electron shuttle AQDS (reduced 
form: AH2QDS = 9,10-dihydroxyanthraquinone-2,6-sulfonate). 
At high U-to-surface area loadings uraninite (UO2) 
predominates, but at lower U surface loadings only adsorbed 
U(IV) is observed. Inner-sphere U(IV)-Ti and U(IV)-Fe 
complexes predominate at the rutile and magnetite surfaces at 
different U surface loadings (<2.5 U nm-2 for rutile and < 0.075 
U nm-2 for magnetite). U(IV)-Ti complexes were stable under 
anoxic conditions for at least a year, whereas at moderate 
surface loadings (0.15 to 0.075 U nm-2) U(IV)-Fe complexes 
aged to uraninite over a period of 4 months. 

Our results reveal new information about the chemistry of 
U(IV) in the environment, and indicate that U(IV) forms 
complexes with mineral surfaces under reducing conditions. 
Such U(IV) surface complexes might be expected under the 
lower U-to-mineral surface loadings found in contaminated 
sediments. Future work is needed to further characterize and 
incorporate these complexes into geochemical models. 
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Siberian Traps volcanism and carbon cycle perturbations 

occurring immediately after the end-Permian mass extinction 
have been linked to widespread low-oxygen marine conditions. 
Evidence from basin-scale proxies indicates that ocean anoxia 
continued through most of the Early Triassic, but the global 
extent of this condition and its relationship to the carbon 
isotope record are poorly constrained. To address this 
deficiency, we present new δ238/235U data measured in 
carbonate sediments collected across a depth transect at the 
Great Bank of Guizhou, south China, and from the Aladag 
Nappe, Turkey. Multiple negative  δ238/235U shifts provide 
evidence that anoxia persisted globally through most of the 
Early Triassic.  

We use uranium concentration and isotopic records to 
estimate the severity of bottom water anoxia and the relative 
changes in the flux of uranium to the oceans. Model data 
suggest that the spatial extent of anoxia increased by an order 
of magnitude across the end-Permian extinction horizon, 
synchronous with the widely observed negative δ13C  
excursion. Correlation with the carbon isotope record links 
anoxia with continued CO2 emissions from the Siberian Traps. 
An increase in continental weathering rates during this interval 
may have increased the delivery of both weathered uranium 
and nutrients to the ocean, increasing productivity and 
expanding the area of low-oxygen bottom waters on the 
continental shelves. We hypothesize that anoxic conditions 
resulting from this process continued to inhibit the recovery of 
biodiversity and metazoan reefs across the majority of Early 
Triassic time.  
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Iron is an abundant redox-active element in many 

sediments and iron(III)-reducing and iron(II)-oxidizing 
bacteria are very important for the redox cycling of iron. There 
are three known metabolic types of bacteria which can perform 
iron oxidation at neutral pH, i.e. microaerophilic, nitrate-
reducing and phototrophic Fe(II)-oxidizers. Based on 
geochemical conditions in marine sediments, all three can 
potentially co-exist with possibly overlapping niches [1]. 
Consequently there is potential for competition for their 
electron donor, i.e. Fe(II). However, most studies in marine 
environments so far have focused on microaerophilic Fe(II)-
oxidizers and it has not been investigated whether all three 
metabolic types of iron-oxidizing bacteria co-exist within one 
sedimentary habitat and how they interrelate and compete with 
each other.  

In our study, we determined the distribution of the 
different metabolic types of iron-oxidizing bacteria along the 
redox gradients within a coastal marine sediment from Aarhus 
Bay, Denmark, by MPN studies and qPCR. The iron oxidizing 
activity of the different metabolic types and their potential 
contribution to iron mineral formation within the sediment was 
quantified by microcosm studies. Ultimately, we are 
investigating the interrelation, competition and thus the 
ecological network of iron-oxidizing bacteria in order to get an 
understanding of the importance of the different types of iron-
oxidizers in coastal marine sediments.  
 
[1] Schmidt et al (2010) Environ. Chem. 7, 399-405. 
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Organic matter found in carbonaceous chondrites is highly 
enriched in deuterium, relative to H2 in the protosolar nebula 
(PSN) [1]. In the scenario where the insoluble organic matter 
(IOM) is a PSN product [2], ion-molecule or gas-grain 
reactions could lead to a D-enrichment of organics [3]. The 
ionizing irradiations in the protosolar nebula potentially 
enhanced such mechanisms [4]. Recent experimental 
irradiations of natural and synthetic analogues of IOM under 
high energy (300 keV) have shown that electron irradiation 
could act as a driving mechanism for D-enrichment [5,6]. 

In this context, we conducted irradiation experiments on a 
large range of well characterized analogues. All the samples 
consist in thin polymer films, from 1 to 10 µm thick. The 
ionizing excitation was obtained by electron irradiation with a 
scanning electron microscope (SEM) at moderate energy (30 
keV), and at room temperature. With increasing energy 
deposition, a gradual and significant D-enrichment is observed, 
from 320±85‰ up to 590±85‰. This enrichment is closely 
related to the structural evolution of the analogue and to its 
initial structure.  

From our data,  a quantitative kinetic model is derived. 
This model accounts for both structural and isotopic evolutions 
of the IOM. Moreover, our results show that such isotopic 
signature can be produced over a timescale compatible with 
the lifespan of the protoplanetary disk. 

 
[1] Robert F. and Epstein S. (1982) GCA, 46, 81–95. [2] 
Remusat L. et al (2006) EPSL, 243, 15–25. [3] Sandford S.A. 
et al (2001) MAPS, 36, 1117–1133. [4] Glasshold A. et al 
(2000) Protostars and Planets IV, 429–455. [5] De Gregorio 
B. et al (2010) GCA, 74, 4454–4470. [6] Le Guillou C. et al 
(2013) Icarus, 226, 101–110. 
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The segregation of Fe-rich metal to form the Earth’s core 

led to a strong depletion of the highly siderophile elements 
(HSEs - Os, Ir, Ru, Rh, Pt, Pd, Re, Au) in the Earth’s mantle. 
Previous experimental work has shown that the HSEs display 
large differences in DHSE, which would lead to highly 
fractionated HSE patterns in the Earth’s mantle. It is widely 
accepted that the near-chondritic ratios of the HSEs estimated 
for the primitive upper mantle were established by a “late-
veneer” of highly oxidized, chondritic 

 material, after core formation was complete. However, 
most experimental work on HSE partitioning has been carried 
out on S-free systems. As S is known to strongly influence the 
partitioning behaviour of chalcophile trace elements, it may 
also have played a significant role for the behaviour of the 
HSEs during core formation.  

In order to investigate the effect of S on the behaviour of 
the HSEs during core formation, we have studied the metal-
silicate and sulfide-silicate partitioning of Pt, Pd, Ru and Ir 
under high pressure-high temperature conditions. A molten 
peridotite was equilibrated with a range of compositions along 
the Fe-FeS binary (0 wt. % S - 36 wt%. S), doped with two of 
the HSEs at a time (10 wt. % each). All experiments were 
performed in a multianvil-apparatus at 2100-2400 °C and 11-
21 GPa using single crystal MgO capsules. Quenched silicate 
and metal or sulfide were analysed by electron microprobe for 
their major element concentrations while trace element 
abundances were determined using LA-ICP-MS.  

Overall, it can be observed that all HSEs become less 
siderophile with increasing S-concentration in the metal or 
sulfide. However, the least siderophile HSEs show only a 
small effect, while the more siderophile HSEs are strongly 
influenced. As a result, KD of Pt, Pd, Ru and Ir converge with 
increasing S concentrations in the metal or sulfide phase. 
These results have important implications for our 
understanding of Earth’s accretion and core formation history. 
Sulfur is thought to be added late during Earth’s accretion, so 
that the the core-forming metal became more S-rich. The 
results of this study show that a S-rich melt segregationg to the 
core would only result in relatively small fractionation among 
HSEs, possibly explaining the observed near-chondritic ratios 
of the HSEs in the Earth’s mantle.  
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The Origins, Spectral Interpretation, Resource 

Identification, and Security–Regolith Explorer (OSIRIS-REx) 
sample return mission will survey near-Earth asteroid (101955) 
Bennu to understand its physical, mineralogical, and chemical 
properties, assess its resource potential, refine the impact 
hazard, and return a sample of this body to Earth. This mission 
launches in 2016, encounters Bennu in 2018, and returns the 
sample to Earth in 2023.  

Our dynamical models constrain the thermal and space-
weathering history of Bennu’s surface [1, 2]. This history can 
only be verified through analysis of the returned sample. 
Analysis of cosmogenic isotope ratios, thermal modification 
signatures, radionuclide abundances, and nuclear track 
densities will constrain the dynamical evolution of the parent 
asteroid and test the hypotheses developed by dynamical 
studies of Bennu. 

OSIRIS-REx will also develop a comprehensive 
thermophysical model of the asteroid using data obtained 
during the asteroid encounter. The thermal conductivity and 
heat capacity of the returned samples will be directly measured 
in the laboratory. These fundamental physical parameters, 
combined with the state of the regolith on the asteroid surface, 
drive the thermal inertia [3] and the resulting strength of the 
YORP and Yarkovsky effects [4]. 

Analysis of the OSIRIS-REx returned sample will also 
improve the interpretation of remote sensing data, including 
radar astronomy [5], photometry [6], astrometry, spectroscopy 
[7], and scattering properties at all wavelengths. We will 
analyze the returned material to develop a body of knowledge 
about the spectroscopic and dielectric properties of asteroid 
regolith that will enable us to place Bennu samples in the 
appropriate context. We will also use knowledge about Bennu 
regolith from returned samples to understand variations in the 
astronomical properties of other objects. Sample return from 
this object will provide enormous benefit to future 
astronomical studies of near-Earth objects as well as main-belt 
asteroids. 
 
[1] Delbo, M. and Michel, P., 2011. Astrophysical Journal 
Letters 728 L42. [2] Walsh, K.J. et al 2013. Icarus 225, 283-
297. [3] Emery, J.P. et al 2010. LPSC XLI, #2282. [4] 
Chesley, S.R. et al 2012. LPI Contributions 1667, 6470. [5] 
Nolan, M.C. et al 2013. Icarus 226, 629–640. [6] 
Hergenrother, C.W. et al 2013. Icarus 226, 663–670. [7] Clark, 
B.E. et al 2011. Icarus 216, 462-475. 



 Goldschmidt2014 Abstracts  

 

1370 

1370 

Assessing baseline near-surface 
bedrock and groundwater 

geochemical data prior to shale gas 
exploration and development – the 

case of the Utica Shale, Quebec, 
Canada 

D. LAVOIE1*, A. MORT2, O. HAERI ARDAKANI2,  
H. SANEI2, G. BORDELEAU1, C. RIVARD1 

AND J.C. AZNAR3  
1Geological Survey of Canada – Quebec office, Quebec City, 

QC, Canada, G1K 9A9 (*correspondance: 
denis.lavoie@NRCan.gc.ca) 

2Geological Survey of Canada – Calgary Office, Calgary, AB, 
Canada 

3Institut National de la Recherche Scientifique – ETE, Quebec 
City, QC, Canada 

 
In eastern Canada, the Ordovician Utica Shale is a 

potential shale gas producer. In 2010, exploration came to a 
halt pending an environmental review. The Geological Survey 
of Canada has initiated a bedrock and groundwater-focussed 
pilot research project near Quebec City. Twenty-five private 
water wells were sampled and 4 shallow (50 m) wells were 
drilled, cored and sampled for water chemistry and rock 
organic geochemistry. In addition, 250 sites were sampled for 
pore-space radon and hydrocarbons in soils. 

The shallow bedrock geology is dominated by Upper 
Ordovician shales and sandstones. Rock-Eval and organic 
matter reflectance results suggest that thermal maturity 
increases southerly from oil to condensate windows. GC and 
GC-MS analyses of core extracts document the presence of 
low but detectable concentrations of C1 to C20 hydrocarbons. 

Most water samples have significant concentrations of 
dissolved hydrocarbons including mostly methane, as well as 
ethane and propane in a few wells. The presence of dissolved 
hydrocarbons in groundwater is fairly well established in 
southern Quebec, although their source (biogenic versus 
thermogenic) remains ambiguous.  The presence of dissolved 
propane indicates that some of the hydrocarbons are 
thermogenic in origin. Gas wetness and isotopic ratios (δ13C, 
δ2H) of methane suggest mixed thermogenic and biogenic 
origin. Areas with elevated radon, methane, ethane and butane 
in soils are located close of the Appalachians – Platform 
contact, a sector with high concentrations of hydrocarbons 
dissolved in groundwater. 
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Neptunium is a key risk-driving radionuclide in nuclear 
legacy management and it is becoming increasingly clear that 
microbially-mediated redox cycling is pertinant to Np mobility 
under both contaminated land and geodisposal conditions. 
Here, NpO2

+ is predicted to be the most mobile transuranic 
species in the sub-surface; however, compared to other 
radionuclides, there is a distinct paucity of information 
concerning Np biogeochemistry. 

Here we present an overview of Np environmental 
behaviour under both contaminated land (circumneutral pH) 
and geodisposal (pH 10-13) settings. Data presented 
encompasses experimentation conducted across a range of 
hetergeneous sediment and pure mineral systems, with XAS 
used throughout to monitor changes in Np speciation and local 
coordination. Importantly, these data highlight the co-cycling 
of Np with microbially-mediated Fe reduction between pH 6-
10. Here, abiotic reduction of Np(V) to Np(IV) via reaction 
with biogenic Fe(II) limits Np solubility. Further, co-cycling 
with Mn appears relevant at circumneutral pH. Conversely, 
under conditions relevant to the geodisposal chemically 
disturbed zone (pH 10-13), Np(V) sorption and potential 
uptake into the lattice of neo-forming Fe(III) minerals (e.g. 
heamatite) appears important. 
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Soil development and carbon cycling are linked through 

the input and transport of reactive organic compounds, such as 
low molecular weight organic acids. These compounds form 
stable ‘organometal’ complexes with many dissolved inorganic 
ions. The formation of these compounds influences the 
effective solubility of chemical weathering products including 
Al and Fe. As a result, the formation and transport of 
organometal complexes are a control on secondary mineral 
accumulation. Conversely, the persistence of organometal 
complexes may stabilize soil organic carbon from microbial 
degradation or leaching losses. The goal of this work is to 
evaluate the importance of organometal complexes across a 
range of environmental conditions. 

We use a combination of field sampling, laboratory 
extraction and modeling to assess the role of organometal 
complexation in soil carbon cycling and soil development. 
Specifically, we compare data from three temperate soil 
chronosequences. Our results imply that organometal 
complexes play a significant role in the storage of soil organic 
carbon. For example, proxies for organometal complexation 
(i.e., sodium pyrophosphate extractions) are significantly 
correlated with total organic carbon storage across all study 
soils. Furthermore, evidence suggests the long-term stability of 
carbon associated with organometal complexes may arise from 
subsequent formation of secondary minerals with high reactive 
surface area. 

To better assess these interactions, we employed a 
quantitative framework linking soil development, including 
time dependent mineralogical and hydrologic evolution, and 
carbon cycling. This framework is used to evaluate how the 
formation, transport and reactivity of organometal complexes 
influence soil development. Results suggest rates of soil 
mineral weathering are reduced in the presence of significant 
organometal formation and the spatial extent of secondary 
mineral formation is highly sensitive to organometal transport 
and stability. The nature of these interactions imply thresholds 
of soil development may be triggered by changing biological 
activity or through climatic or land use changes. Overall, this 
work highlights complex nature of biotic/abiotic interactions in 
soils and provides an alternative view of the link between soil 
development and carbon cycling. 
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Carbonate clumped isotope thermometry provides 
constraints on carbonate precipitation temperatures and fluid 
origin for applications in many low-temperature environments 
[1]. One area that remains relatively unexplored is the higher 
temperature (50–300˚C) burial diagenesis environment. 
Models based upon laboratory heating experiments suggest 
that carbonate clumped isotopes can reorder over geological 
timescales during burial via solid-state diffusion [2, 3]. 
However, few studies have investigated carbonates within 
deeply buried sedimentary basins with well defined time-
temperature histories to calibrate these models. This study 
explores how burial and exhumation influences isotopic 
ordering of carbonate cements in the early Cretaceous El Abra 
Formation, east-central Mexico.  

We will present a time-temperature history model of the El 
Abra formation with illite-age analysis and apatite fission track 
constraints on burial and exhumation timing.  In addition, fluid 
inclusion microthermometry places maximum burial 
temperature at 165˚C. We will also present a paragenesis 
where we observe a 70˚C range in clumped isotope 
temperatures between at least three diagenetic events: an early 
marine radiaxial cement (~65˚C), a later meteoric coarse-
equant cement (~100˚C), and a late burial cement (~135˚C). 
The relatively high clumped isotope temperatures associated 
with the marine and early meteoric fabrics exceed values we 
expect based on their inferred formation environments. We 
interpret that partial resetting occurred during burial, but did 
not fully reset at maximum burial temperature. We suggest that 
the carbonate clumped isotope geothermometer, in conjunction 
with  laboratory-derived kinetics of isotopic re-ordering, could 
potentially provide new constraints on thermal histories of 
burial diagenesis in this ‘partial retention’ temperature range.  
 
[1] Eiler et al (2007) EPSL 262, 309-327. [2] Passey and 
Henkes (2012) EPSL 351-352, 223-236. [3] Stolper and Eiler 
(2014) submitted. [4] Gray et al (2001) AAPG Memoirs 75.  
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The evolution of land plants with symbiotic soil fungi set 
in chain a sequence of events that greened the Earth’s 
continents with ecosystems of increasing biomass and 
complexity.  We hypothesise: (1) As plants evolved in stature, 
biomass, and rooting depth, their mycorrhizal fungal 
partnerships received increasing amounts of plant 
photosynthate.  This enabled them to become progressively 
more potent partners in weathering of the growth-limiting 
element P from calcium phosphates. (2) Increasingly targeted 
and intensive plant-driven fungal weathering to release P from 
apatite has transformed biogeochemical cycles of C, Ca and P 
to effect biosphere-geosphere-ocean-atmosphere interactions 
and feedbacks over the past 400 Ma.   

These hypotheses are evaluated in the light of experimental 
evidence from field and laboratory studies, together with 
analysis of palaeosols developed under some of the Earth’s 
earliest forest ecosystems, over 350 Ma ago.   We report 
increasing intensification of Ca release from silicate and 
carbonate minerals in relation to evolutionary advancement of 
gymnosperm and angiosperm tree taxa, and demonstrate that 
rates of photosynthate allocation to mycorrhizal fungi controls 
their weathering rates. Changes in atmospheric CO2 
concentrations through the Phanerozoic are  shown to provide 
critical controls that regulate rates of plant-driven fungal 
weathering via photosynthate fluxes, which can feedback on 
the land-to-ocean Ca fluxes that control the geochemical C 
cycle over millions of years.    

 Our findings reveal plant-mycorrhizal evolutionary 
advances act as potent cogs in the transformations of the 
biosphere, geosphere, oceans and atmosphere by terrestrial 
ecosystems, through their impacts on the flows of nutrients, 
carbon and energy over hundreds of millions of years. 
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The global biogeochemical sulfur cycle is set in motion 

and maintained by the microbiological reduction of marine 
sulfate to sulfide. The enzymatic cascade of redox reactions 
induces a distinct range of sulfur and oxygen isotope 
fractionations between the initial reactant sulfate and terminal 
product sulfide.  What controls the magnitude of that 
fractionation, however, is the efficiency of that biochemical 
machinery in response to the organisms’ environment. To 
better understand how variable fractionations are produced we 
utilize recent advances in microbial sulfate reducer (MSR) 
genetics and enzymology to determine the influence of the 
terminal step in MSR, the formation of hydrogen sulfide by the 
dissimilatory sulfite reductase C (DsrC).  The DsrC enzyme 
couples the soluble cytoplasmic reduction of sulfite by DsrAB 
to the cytoplasmic membrane potential – in part determined by 
DsrMKJOP. This membrane potential ultimately allows the 
MSR cell to generate the chemical energy reserve, adenosine 
triphosphate (ATP).  Here we employ three mutants in a 
background model sulfate reducing bacterial strain, 
Desulfovibrio vulgaris Hildenborough, in an effort to disrupt 
the efficacy of intracellular DsrC redox cycling, and ultimately 
sulfide production.  We compare disrupted strains to the wild 
type in terms of growth and specific sulfate reduction rates, 
biomass yields, the magnitude of S isotope fractionation, and 
DsrC activity. Implications for the MSR metabolic network, 
both as the key metabolism in the reductive branch of the 
sedimentary S cycle and primary driver of S isotope 
fractionation in anoxic environments, are discussed.  
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Speleothems have recently emerged as powerful archives 
for terrestrial climate reconstructions, mainly because of their 
ubiquitous presence on all continents and the possibility of 
high-precision dating with the U/Th method. As multi-proxy 
archives, speleothems incorporate a wealth of information on 
climatic and environmental conditions throughout their 
growth. Stable oxygen isotopes can record precipitation 
amount and/or temperature, but a series of other proxies are 
potentially more diagnostic for local/regional conditions, e.g. 
stable carbon isotopes, radiocarbon (14C) and trace elements. 
These proxies have often been neglected in the past, but are of 
great importance for the characterization of karst signal 
transfer and correct proxy interpretation. 

We present a decadally-resolved, 2000-year-long 14C 
record from a U/Th dated speleothem from Yok Balum cave, 
southern Belize. Samples were extracted at 0.5-1mm 
resolution, graphitized and measured by AMS. Considerable 
variability in 14C activity (decay-corrected, Δ14C) exists across 
the last 2000 years that tends to track atmospheric Δ14C 
(IntCal13), with a delayed response of the stalagmite of 30-60 
years. This suggests close coupling and rapid surface-
speleothem signal transfer in the Yok Balum karst system. 
Other features of the speleothem record may be related to 
changes in karst hydrology, as shown by a pronounced 
increase in Δ14C during the Terminal Classic Maya drought 
(700-1100 AD).  
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Because the solar luminosity increases over geological 

timescales, Earth climate is expected to warm, increasing water 
evaporation which, in turn, enhances the atmospheric 
greenhouse effect. Above a certain critical insolation, this 
destabilizing greenhouse feedback can "runaway" until all the 
oceans are evaporated (the so-called runaway greenhouse 
instability). Through increases in stratospheric humidity, 
warming may also cause oceans to escape to space before the 
runaway greenhouse occurs. The critical insolation thresholds 
for these processes, however, remain uncertain because they 
have so far been evaluated with unidimensional models that 
cannot account for the dynamical and cloud feedback effects 
that are key stabilizing features of Earth's climate. With more 
than 1000 exoplanets discovered, the need to understand these 
processes goes beyond the boundaries of the Earth, as it is the 
main way to know which planet can harbor liquid water... with 
many implications. 

Here, I will present results form a 3D global climate model 
specifically developed to describe hot, extremely moist 
atmospheres to quantify Earth like planets climate response to 
an increased insolation. In contrast with previous studies, we 
find that clouds have a destabilizing feedback on the long term 
warming. However, subsident, unsaturated regions created by 
the Hadley circulation have a stabilizing effect that is strong 
enough to defer the runaway greenhouse limit to higher 
insolation than inferred from 1D models. Because of these 
unsaturated regions, the stratosphere remains cold and dry 
enough to hamper atmospheric water escape, even at large 
fluxes.  

Finally, I will discus the implications of these results for 
Venus early water history and the extent of the habitable zone 
around low mass stars when the rotation of the planet can be 
tidally synchronized. 
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Tungsten has many industrial applications due to its heat 

resistance, density and hardness (tungsten carbides). Tungsten 
deposits typically form due to the interaction of a magmatic-
derived fluid with the rocks in which the deposit is emplaced 
or with other fluids. However there are no modern quantitative 
analytical studies of the fluids responsible for the formation of 
the highest-grade deposit type (tungsten vein deposits) [1]. 
Panasqueira (Portugal) is a tungsten vein deposit, one of the 
leading tungsten producers in Europe and one of the best 
geologically characterized tungsten vein deposits [2]. 

In this study, compositions of the mineralizing fluids at 
Panasqueira have been determined through combination of 
detailed petrography, microthermometric measurements and 
LA-ICPMS analyses. We characterize the fluids related to the 
various mineralizing stages in the system: the oxide stage (tin 
and tungsten mineralization)- and the sulfide stage 
(chalcopyrite and sphalerite mineralization). Thus, our results 
provide information on the properties of fluids related with 
specific paragenetic stages.  

This study provides the first quantitative analytical data on 
fluid composition for tungsten vein deposits and thus  helps to 
constrain the mechanisms of formation of the Panasqueira tin-
tungsten deposit. 

 
[1] Bodnar et al (2014) Treatise Geochem. 13, 119-142 [2] 
Kelly and Rye (1979) Econ. Geol. 74, 1721-1822 
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Iron (Fe) is the fourth most abundant element in Earth’s 

crust; however, due to its low solubility under oxidizing 
seawater conditions, Fe has limited bioavailability and is 
postulated to modulate primary production in large regions of 
the ocean and thus carbon cycling and CO2 abundances. In this 
study, we explore distributions of potentially bioreactive Fe in 
deep-sea sediments using state-of-the-art Fe speciation 
techniques and see surprising insensitivity to glacial vs. 
interglacial climatic and oceanographic controls. 

Iron fluxes into the ocean and their bioavailability vary 
with many factors including the mineralogy of the source 
material and are dominated by near-shore and terrestrial inputs. 
Iron can undergo chemical transformations between insoluble 
Fe (III) and more soluble Fe (II), but the latter is limited by 
oxidation in the dominantly oxic portions of the ocean. In 
order to further explore the spatiotemporal distributions of 
bioavailable Fe delivered to the open ocean and specifically 
assess its potential relative reactivity, we investigated patterns 
for Fe mineralogy as a possible proxy for bioavailability. 

We used five deep-sea cores from the IODP (Integrated 
Ocean Drilling Program) collected throughout the Pacific and 
Atlantic Ocean to estimate variability in Fe  delivery. In an 
effort to go beyond past Fe studies in the deep ocean, 
geochemical analysis emphasized a sequential extraction 
scheme designed to isolate Fe phases with past and/or present 
bioavailability, including Fe bound in carbonate, iron sulfides, 
iron oxides and magnetite. This approach allows us to evaluate 
potential diagenetic overprints. Importantly, these procedures 
were performed on size separates meant to isolate the dust-
dominated fraction. 

Results suggest spatial variability in dust accumulation and 
Fe bioavailability. However, our results to date reveal little 
evidence for enhance delivery of potential bioreactive phases 
on glacial-interglacial time scales based on similar Fe contents 
and speciation across these intervals.  
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The Ediacaran Period (635-542 Ma) was associated with 
dramatic climatic fluctuations and biological innovation prior 
to the Cambrian radiation of bilaterian animals. The 
chemostratigraphic record of marine carbonates captures a 
global dramatic δ13C carbon isotope excursion to extremely 
negative values (ca. -12‰), known as the ‘Shuram excursion’ 
that cannot be explained by common carbon isotope mass 
balance frameworks.  

Examination of the carbon isotopic composition of discrete 
bulk carbon phases reveal a decoupled signature between the 
carbonate and total organic carbon through the excursion [1]. 
Thermally immature sedimentary rocks were obtained for 
organic geochemical investigation from a subsurface well and 
represent a deeper water (outer shelf) facies within the eastern 
flank of the South Oman Salt Basin. 

Bulk organic carbon isotopes and lipid biomarkers show 
compositional and source input variation throughout the 
excursion [1] but none of the major bulk organic phases 
(bitumen and kerogen) are coupled with the Shuram excursion 
in carbonate. The carbon isotopic values of individual n-
alkanes and mid-chain monomethyl alkanes (mid-chain 
MMAs) were then measured using gas chromatography-
isotope ratio mass spectrometry. 

The MMAs are depleted  in δ13C by, on average, 1.5‰ 
relative to n-alkanes, yet both these compounds are depleted up 
to 5-7‰ relative to the bulk organic phases of TOC, bitumen, 
and kerogen during the Shuram excursion. The very depleted 
δ13C values of extractable long chain (>C20) n-alkanes and 
MMAs (as low as -40‰) provides the first compelling 
evidence for autotrophs utilising light dissolved inorganic 
carbon (DIC) during the Shuram excursion. Such large 
variations within organic matter are uncommon and may 
reflect source mixing between two isotopically distinct pools 
of organic carbon.  

 
[1] Lee et al 2013. Geobiology 11(5), 406-419. 
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Ocean-continent subduction zones, manifested as a global 
chain of continental arc volcanoes, were as much as 200% 
longer in the Cretaceous and early Paleogene than in the late 
Paleogene to present, when a cooler climate prevailed. In 
particular, many of these continental arcs, unlike island arcs, 
intersected ancient continental platform carbonates stored on 
the continental upper plate. Based on case studies in the 
Cretaceous Sierra Nevada and Peninsular Ranges Batholiths, 
California (USA), we show that Paleozoic crustal carbonates 
underwent extensive decarbonation at all levels in the crust. At 
mid to upper crustal levels, we observe direct assimilation of 
carbonates into magmas and ubiquitous evidence for 
hydrothermally driven skarns. Calc-silicate protoliths are also 
found in the lower crust, due to retro-arc underthrusting of 
North American lithosphere beneath the arc: decarbonation 
occurred by crustal assimilation in deep-seated magma bodies 
and by thermal metamorphism in a hot (>750 C) lower crust. 
The widespread extent of crustal decarbonation is evidenced 
by the occurrence of Cretaceous scheelite bodies from southern 
California to Alaska. These observations suggest that 
magmatically induced decarbonation of crustal carbonates was 
pervasive in the Cretaceous. We calculate that the greater 
length of Cretaceous–Paleogene continental arcs could have 
increased global production of CO2 by at least 3.7–5.5 times 
the present day. This magmatically driven crustal 
decarbonation flux through continental arcs exceeds that 
delivered by Cretaceous oceanic crust production, and was 
sufficient to drive Cretaceous–Paleogene greenhouse 
conditions. We thus suggest that carbonate-intersecting 
continental arc volcanoes likely played an key role in driving 
greenhouse conditions in the Cretaceous–Paleogene. Waning 
of North American and Eurasian continental arcs in the Late 
Cretaceous to early Paleogene, followed by a fundamental shift 
in western Pacific subduction zones ca. 52 Ma to an island arc–
dominated regime, would have been manifested as a decline in 
global volcanic CO2 production, prompting a return to an 
icehouse baseline in the Neogene. Long-term (>50 m.y.) 
greenhouse-icehouse oscillations may be linked to fluctuations 
between continental-and island arc–dominated states.  
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Subduction zone volcanoes outgas excess quantities of 
oxidized S, but because most of the mantle contains reduced S 
in the form of sulfide, this excess S is thought to come from 
sulfate in seawater-altered oceanic crust and sediments 
subducted into the mantle.  To test this hypothesis, we 
examined the S isotopic composition of deep arc cumulates 
from 45-90 km beneath the Sierra Nevada batholith in 
California, a Cretaceous continental arc. These cumulates 
represent the crystal line of descent from magmatic 
differentiation of a hydrous basalt, providing a window to the 
S isotopic composition of primitive, deep-seated arc magmas 
before degassing and eruption.  Earliest differentiates are low 
in Fe and have high Mg/(Mg+Fe), whereas more evolved 
differentiates are high in Fe and have low Mg/(Mg+Fe).  Bulk 
rock δ34S correlates with Fe and negatively with 
Mg/(Mg+Fe). The most primitive cumulates are isotopically 
identical to the Earth’s mantle whereas the more evolved 
cumulates are heavier by 5 ‰ in the direction of seawater 
sulfate. These observations suggest that Sierran arc magmas 
derived most of their seawater sulfate signature from the upper 
plate via magma-wallrock interaction with pre-batholithic 
crust, dominated by marine metasediments and metabasalts 
associated with accreted island arc terranes.  Such rocks likely 
have seawater-like S isotopic compositions as we show that 
even young submarine lavas and glasses already have their S 
signatures modified by seawater.  Our results suggest that 
much of the sulfate in subducting oceanic lithosphere and 
sediments is released before the slab reaches the active 
magmatic front, that is, beneath the forearc. Such a scenario 
would leave residual sulfide in the slab to survive to depths of 
magma generation and beyond. Alternatively, if sulfate is 
retained in the slab long enough to be released beneath the arc 
front, significant isotopic re-equilibration with sulfur in the 
mantle wedge must have occurred.  In either scenario, 
intrusion and subsequent interaction of arc magmas with the 
upper plate oxidized and imposed a seawater S isotopic 
signature on the magmas with profound implications for the 
transport of metals. 
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The objective of this study is to calculate the mass of soil 

losses (ton/ha/yr.) in the area of the Han River buffer zone, 
Paldangdam, Korea. The Universal Soil Loss Equation (USLE) 
was used to calculate the mass of soil losses under different 
buffer zone scenarios.  Also, the rainfall simulation 
experiments were carried out under different rainfall kinetic 
energies and geotechnical conditions. Rainfall simulations 
were carried out within three months after soil sampling. 
Lechler full cone nozzles (type 460.648.30.cc) based on 
measurements using a Distromet Joss-Waldvogel Disdrometer. 
The main causes of soil losses in the research area are sealing 
and erosion. The estimated mass of soil losses are 20 
(ton/ha/yr.) during from 2015 to 2025 years. The results will 
aid the development of models aimed at predicting cropping 
system due to soil erosion. The test results showed that 
geotechnical conditions and rainfall conditions, such as the 
ground slope, the compaction ratio, rainfall intensity and 
duration of rainfall are main factors for soil losses. Apparently, 
the severity of soil erosion did not exclusively determine the 
amount of nutrients lost in runoff from agricultural land. 
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The unwanted health effects from too much fluoride (F-) 

including dental fluorosis and hypocalcaemia have been raised. 
Thus, we assessed the removable fraction (not-combined in 
lattice structures) of fluorine (F) in soil through existing 
sequential extraction schemes suggested by [1] and [2] (see 
supplement 1). 

Three soil samples and two CRMs (Certified Reference 
Materials), AGV-2 and P-rock, were prepared as triplicates. 
Adding a blank, a total of 16 samples was used for each 
experiment. The soil samples were collected from the rural 
area closed to an industrial complex in Gumi-city, Korea, 
where HF release accident occurred in 2012. The F 
concentration was analyzed by an ion selective electrode (ISE), 
while total F contents of soils were determined by the standard 
method of Korean Ministry of Environment (KMOE). 

The primary result (see supplement 2) of extraction 
experiments indicates that the most of F is fixed in lattice of 
soil particles and recovered amounts of each method are 
different from each other due to the aspects of applied reagents. 
The additional analysis on washing solutions and residual is 
ongoing. 

 
Acknowledgements   This research was supported by a grant 
from the KBSI (Project No. K34801) and GAIA Project of 
KMOE. 
 
Address for supplements 
https://drive.google.com/folderview?id=0B6OgLueUD1nEem9
HY3NKUjE4QW8 

 
[1] Wenzel et al (2001) Anal. Chim. Acta 436, 309-323. [2] Xu 
et al (2006) Fluoride 39, 145-151. 
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Epidemiological studies have shown that the exposure to 

ambient nitrogen dioxide (NO2) is associated with adverse 
health effects. However, ground NO2 monitoring networks are 
sparsely distributed, and using the NO2 concentrations 
measured at ground monitoring sites as exposure estimates 
causes exposure errors.  

For retrospective exposure assessment of daily ambient 
NO2, we developed a mixed effects model using Ozone 
Monitoring Instrument (OMI) tropospheric NO2 densities and 
land use regression (LUR) in the New England region, U.S., 
for the period 2005-2010. In the model, OMI NO2 data 
explained spatial and temporal variability in ambient NO2 
concentrations. Also, LUR accounted for fine-scale spatial 
variability in NO2, further enabling us to estimate NO2 at point 
locations. The mixed effects model performed reasonably well, 
showing cross-validation R2=0.79 and a good agreement 
between the measured and estimated NO2 concentrations 
(slope=0.98 and intercept=0.15). The spatial pattern of 
estimated NO2 concentrations exhibited high NO2 
concentrations in emission source areas such as high populated 
and traffic areas.  

The mixed effects model in combination with satellite NO2 
data and LUR led us to generate spatially and temporally 
resolved NO2 exposure estimates for health effect studies. 
While reducing exposure errors, the modeling approach is 
expected to contribute to revealing more reliable associations 
between the exposure to NO2 and health outcomes. 
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Agricultural demands continuously increased use of 
groundwater, causing drawdown of water table and need of 
artificial recharge using adjacent stream waters. River water 
intrusion into groundwater can alter the geochemical and 
microbiological characteristics in the aquifer and subsurface. 
In an effort to investigate the subsurface biogeochemical 
activities before operation of artificial recharge at the test site, 
established at the bank of Nakdong river, Changwon, South 
Korea, groundwater and sediments were collected from the 
well cluster. 

Laboratory incubations of the groundwater containing 
portions of sediments indicated microbial reduction of Fe(III) 
and sulfate, as evidenced by on site measurement of Fe(II) and 
sulfide. The incubated groundwaters were from 10 and 33 m 
below ground surface (bgs) from a well, MLW2, with 
distictively separated feature of electrical conductivities of 
~200 and ~6000 µS/cm, respectively. The sulfate 
concentratoins were also different with ~0.6 and ~1.5 mM in 
10 and 33 m groundwaters. There were one or two redox 
transition zones according to the well locations, and the 
subsurface was mostly in anoxic condition by depth of 
approximately 33 m bgs. Regardless of addtiion of organic 
carbons (lactate and acetate), the groundwater with residual 
sediments showed rapid reduction of Fe(III) and sulfide within 
5 days in the anaerobic condition, wheareas autoclaved 
groundwaters remained the same with no obvious increase of 
Fe(II) or sulfide. Although X-ray diffraction, X-ray 
photoelectron spectroscopy, and transmission electron 
microscopy were not able to identify any sulfide mineral in the 
reduced sediments, it was obvious sulfide was generated by 
microbial sulfate reduction. Microbial community analysis 
performed on the incubations at three time points by MiSeq 
sequencing and Mothur processing showed increase of 
Deltaproteobacteria and phylum Acidobacteria, but decrease 
of Betaproteobacteria. Interestingly, Clostridia increased only 
in the presence of organic carbons addition. 
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In our previous study, the wavelength dispersive X-ray 

fluorescence specrometry (WD-XRF) was assessed to be 
feasible for the analysis of fluorine conetent in soil [1]. 
However, the limit of dection (LOD) value of 1-to-1 (w/w) 
pre-treatment method was still too high (812 mg-F/kg-soild) 
compared with other methods. Therefore, the existing pre-
treatment method was modified to reduce the LOD value. 

The soil was mixed with a polyvinyl alcohol at 9-to-1 
weight ratio to 4 g of total specimen and then pressurized 20 
tons over 20 seconds. The LOD value of 9-to-1 (w/w) pre-
treatment method was reduced by about 38 times from existing 
method to 21.3 mg-F/kg-soild of modified method. This LOD 
value was comparable to that of other methods for 
determination of soil fluorine concentrations (Table 1). 

 
Analytical instrument Pre-treatment 

method 
LOD 

(mg/kg) Ref. 

Selective ion electrode Alkali fusion 3 [2] 
Selective ion electrode Pyrohydrolysis 20 [3] 

WD-XRF 1-to-1 pellet 812 [1] 
WD-XRF 9-to-1 pellet 21.3 This study 

Table 1: Comparison of several methods. 
 
In WD-WRF analysis, fluorine intensity measured at 

Bragg angle of 43.174° was affected by other elements having 
similar Bragg angle, such as Fe and Mn. Therefore, the 
intensity was corrected by calibration of F intensity with 
different Fe/Mn contents in soil sample. The sample specimen 
containing 0, 10, 20, and 50% of Fe2O3 and 0, 2.5, 5, and 10% 
of MnO2 were prepared to calculate the correction factor (CF). 
 
Acknowledgement 
This study received support from the Geo-Advanced 
Innovative Action (GAIA) project of the Korea Environmental 
Industry & Technology Institute (KEITI). 
 
[1] An et al (2012) Spectrochim. Acta B 69, 38-43. [2] 
McQuaker, Gurney (1977) Anal. Chem. 49, 53-56. [3] 
Sredovic, Rajakovic (2010) J. Hazard. Mater. 177, 445-451. 
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Isotope ratios of 30Si/29Si for silicon in kaolin and alumina 

samples have been measured using multicollector inductively 
coupled plasma mass spectrometry (MC-ICP-MS). The mass 
fraction of silicon in alumina was also measured using isotope 
dilution inductively coupled plasma mass spectrometry (ID-
ICP-MS). With the isotope ratio of 30Si/29Si and the mass 
fraction of silicon, the Vertual Element theory was tested for 
determining isotope composition of silicon in alumina samples. 
The completeness of dissolution method for kaolin and 
alumina were evaluated using a alumina reference material 
NMIJ CRM 8007-a and stepwise digestion method including 
microwave-assisted acid digestion with the hydrofluoric acid 
and nitric acid after  dissolution at 210 °C with a mixture of 
sulfuric acid and phosphoric acid was selected as the method 
of choice for isotope ratio measurements of silicon. The 
measured mass fraction of silicon for the reference material 
showed good agreement with the certified values, 17.07 mg/kg 
± 0.38 mg/kg (k=2, corresponding to an estimated confidence 
interval of approximately 95 %). The instrumental isotope 
fractionation of silicon in MC-ICP-MS measurement was 
corrected by the external correction factor obtained from the K 
factor measurement using blend solutions of natural silicon, 
29Si and 30Si-enriched solutions. The 30Si/29Si isotope ratios of 
silicon in kaolin and alumina samples were in the range of 
0.6638 ± 0.0002. 
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Carbon trapping and sequestration involves the conversion 
of CO2 into solid carbonate minerals, mostly to form calcium 
and magnesium carbonates due to these elements’ natural 
abundance. The high concentration of divalent cations are 
provided by dissolution of mineral phases present in sites used 
for sequestration or by fluids in saline aquifers. Magnesium ion 
is found to be particularly rich in ultramafic rocks provided by 
minerals like olivine and brucite. However despite the 
abundance in many natural environments, magnesium does not 
readily form carbonate minerals at ambient conditions because 
of its strongly bound hydration sphere. Nevertheless, in 
reservoir conditions, the moderately elevated temperature 
(<100 °C)  allows  carbonate to directly bind with magnesium 
ion, resulting in significant precipitation of magnesium 
carbonate. Because of this requirement of higher temperatures, 
our observations and understanding on magnesium carbonate 
nucleation under sequestration conditions is rather limited.  

Here we studied the nucleation of magnesium carbonate on 
quartz (100) surfaces under field relevant temperature 
conditions of 40 - 60°C at 1 bar. Grazing-Incidence Small- 
Angle X-ray Scattering (GISAXS) was used to measure the 
nucleation rate on quartz surfaces at varying saturation indices 
and temperatures. The nucleation rate was extracted using the 
invariant (Q), which is proportional to the total volume of the 
scattering particles. The data suggest that the precipitation is 
nucleation dominated. From these measurements, critical 
values directly applicable to field and modeling applications 
can be extracted, such as nucleation activation energy (Ea) and  
effective interfacial energies (α’). Further modeling analysis of 
the data will provide information on changes in the distribution 
of sizes and shape with particle evolution. The presence of 
mineral surfaces have been shown to lower the free energy 
barrier for nucleation. Hence quantification of the 
thermodynamic properties of hetergenous nucleation will 
promote more accurate understanding and prediction of 
mineral trapping processes occuring in reservoir environments.  
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Reductive degradation of chlorinated organics by natural 

soil minerals has been extensively studied for sustainable 
remediation of contaminated soil and groundwater. In this 
study, we investigated the reductive dechlorination of carbon 
tetrachloride (CT) by vivianite (FeII3(PO4)2·8(H2O)) in batch 
system. A veriaty of environmental factors such as 
concentration of CT, suspension pH (pH 5 ~ 9), and presence 
of major competing ions (Ca2+, HCO3-) significantly affecting 
the degradation rate of CT. Concentration profiles of 
transformation products were monitored to discuss the 
degradation pathway of CT by vivianite. Quantum calculation 
(QC, Density Functional Theory method, software: Maestro 
and Cerius 2) was used to extimate binding energy among 
relevant chemical species in the system to explain molecular 
scale interaction on the vivianite surface. The results have 
shown favorable intermediates and detailed decomposition 
mechanism throughout the dechlorination pathway of CT. 
HCCl3 does not seem to be dechlorinated directly on the 
surface of vivianite, due to positive binding energy from 1.637 
eV to 5.178 eV. Instead, Cl- atoms could be exchanged by OH- 
and water, leading to the formation of HCOOH as main 
transformation product. The experimental and theoretical 
results obtained from this study can be properly applied to the 
design and operation of enhanced natural attenuation for the 
reductive dechlorination of CT.  
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In-situ real-time observations of the sorption of ions at 
mineral surfaces are key to understanding the processes that 
control transport of the elements in nature.  Here we present 
new results on the exchange dynamics between Rb+ and Na+ 
adsorbed at the muscovite (001) - water interface.  These two 
cations are distinct in adsorption mode (Rb+ adsorbs mostly as 
an inner-sphere (IS) complex, whereas Na+ adsorbs as an 
outer-sphere (OS) complex) and adsorption strength (the 
adsorption constant of Rb+ is ~40 times larger than Na+) [1]. 

 The sorption kinetics and changes in adsorbed ion 
speciation were monitored simultaneously using time-resolved 
resonant anomalous X-ray reflectivity (RAXR).  The measured 
RAXR data were analyzed using the model-independent 
imaging technique [2] to quantify the changes in adsorbed ion 
coverage and partitioning among different adsorbed species as 
the system evolves. 

The analyses indicate a path-dependency in reaction 
kinetics, showing an apparently slower rate (by a factor of 
~2.5) for the desorption of Rb+ (and presumed replacement by 
Na+) compared to the reverse reaction.  The measured data 
were compared to a simulation of a two-component exchange 
reaction to detemine the intrinsic adsorption and desorption 
rates for the individual components.  The results suggest that 
the adsorption rate of Rb+ is ~30 times faster than that of Na+, 
whereas the desorption rate of Rb+ is only slightly slower (by 
~50%).  The results also show a striking difference in the time-
resolved speciation of adsorbed Rb+ during the reactions.  Most 
Rb+ immediately forms an IS complex during adsorption (i.e., 
when Rb+ presumably exchanges with Na+).  In contrast, IS 
Rb+ transforms slowly to OS Rb+ during its desorption (and 
presumed replacement by Na+) over the timespan (~30 sec) 
observed.  These results demonstrate that cation hydration and 
speciation play a central role in determining the adsorption 
dynamics of cations at the mineral-water interface. 
 
[1] Lee et al (2013) Geochim Cosmochim Acta, 123, 416-426. 
[2] Park et al (2007) J Appl Crystallogr, 40, 290-301. 
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Aragonite is one of common polymorphs of natural 

calcium carbonate. It occurs via biological or physical 
processes through precipitation in many different enviroments 
including a marine ecosystems. It is known that aragonite 
growth could be dependant on several parameters such as 
concentrations of chemical species and temperature. Strontium 
(Sr) is often used to be an indicator to determine climate 
changes because it is one of ocean conservative elements but 
also because it can substitute Ca element in the structure of 
ocean corals mainly cosisting of aragonite. In this study, we 
investigated Sr incorporation into aragonite over a range of 
degree of supersaturation and temperature. 

Aragonite was synthesized through the constant-addition 
method with varying concentrations of species (i.e., Ca2+ and 
CO3

2-), injection rates and temperatures. XRD shows that all 
synthesized precipitates even with Sr incorporation are pure 
aragonite. Growth rate of Sr-incorporated aragonite crystals 
was calculated by the specific BET surface area for samples. 
Although the crystal size and growth rate for Sr-incorporated 
aragonite increase, crystallinity of the aragonite does not 
change with increasing temperature and supersatuation with 
respect to calcium carbonate. Note that partition coefficient of 
Sr into aragonite decreases from 2.37 to 1.57 with increasing 
degree of the supersaturation. It is also found that the partition 
coefficient for Sr decreases 1.90 to 1.54 at a range of 15-40 ℃. 
We, therefore, note that high temperature and supersaturation 
with respect to aragonite increase growth rate of aragonite 
crystals and decrease Sr partition coefficient into the structure 
of aragonite. Our results suggest that the partition coefficient 
for Sr into biogenic aragonite could be seriously affected by 
solution temperature and degree of supersaturation with 
respect to calcium carbonate . 

 
Keywords: aragonite, Sr, incorporation 
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Geochemical data of HED meteorites offer important 

information to understand the differentiation history of Vesta 
like the processes that generated igneous activity during the 
early history of a small body. Recently, Barrat et al [1] and his 
colleagues[2, 3] reported about geochemistry of diogenites like 
Dhofar 700 meteorite. Dhofar 700 is one of the rare 
unbrecciated diogenites. Especially, Barrat et al [1] mentioned 
spurious LREE enrichments in Dhofar 700 meteorite from 
residues after leaching and interpreted it due to the terrestrial 
weathering. Here we show our new REE and Nd isotopic data 
for unleached Dhofar 700 and discuss geochemical evolution 
of Dhofar 700. LREE of Dhofar 700 was measured by ID 
TIMS and ICP-MS. Our data also show that Dhofar 700 has a 
spurious LREE enrichment and v-shaped REE pattern. Nd 
isotopic data with highly positive εNd value indicates that they 
might not receive the terrestrial weathering. Our data suggest 
that Dhofar 700 diogenite should be derived by fractional 
crystallization processes from highly depleted source magma. 
 

 
[1] Barrat et al (2008) Meteor. Planet. Sci. 43, 1759-1775. [2] 
Barrat et al (2010) GCA 74, 6218-6231. [3] Yamaguchi et al 
(2011) JGR 116, E08009. 
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Eclogite-facies shear zones occur surrounding 
pseudotachylyte veins and fractures in granulite-facies 
basement on Flakstadøy (Lofoten Islands, Norway). 
Omphacite and albite-diopside symplectite identified in the 
shear zones demonstrates shear zones formed at eclogite-facies 
conditions, estimated at 690-750°C and 1.3-1.5 GPa from 
garnet-omphacite pairs and the jadeite component of 
clinopyroxene. Eclogitization likely took place c. 460 Ma 
based on lower intercept from U-Pb SHRIMP dating. The 
brittle deformation accompanying pseudotachylyte formation 
opened fluid pathways that overcame kinetic barriers for 
metamorphism in metastable lower crustal rocks. The 
advection of fluids likely reduced rock strength, facilitating 
deformation, and localizing strain within the shear zones: A 
strong alignment of amphibole <001> parallel to the shear 
zone and pseudotachylyte fabric demonstrates fluid availability 
during shearing, and that hydrous phases grew during fluid-
driven eclogitization. Hydration reactions producing 
amphibole and biotite in the shear zones consumed available 
fluid leaving the lower crust dry and preventing retrogression. 
The preservation of pseudotachylyte textures such as injection 
veins, aligned microlites, skeletal garnet, and fine-grained 
“chilled” margins; differences in mineral chemistries between 
the shear zone and host rock; and relict omphacite in shear 
zones show that metamorphism was a rapid process, that 
shearing was not reactivated during exhumation, and that 
retrogression was minimal. Pyroxene LPOs parallel to the 
shear zones correlate to deformation temperatures >500°C and 
quartz fabrics showing prism <a> ± rhomb <a> slip 
demonstrate deformation from >450-550°C up to 750°C at a 
high strain rate, and correspond to eclogite-facies metamorphic 
conditions. The eclogitized shear zones on Flakstadøy 
demonstrate that lower crustal rocks can remain metastable if 
they lack the “on-off switch” of an influx of fluids to drive 
metamorphism and deformation in the lower crust, potentially 
controlling large-scale orogenic processes. 
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The role of Fe(III) and Al(III) precipitates in controlling 

the fate of nutrients, metals and metalloids was studied using 
six sediment cores collected in July 2013 from a bioreactor 
treating coal-generated AMD at the Tab-Simco site, located in 
Southern Illinois. These sediments formed on top of organic 
substrates over a 6½ year period during which the bioreactor 
had actively treated acidic, Fe-, SO4-, and Al-rich AMD. 
Chemical characterization involved ICP-MS analysis of 
sediments and two chemically extracted fractions (ammonium 
oxalate extraction of poorly-crystalline Fe (III) oxides and 
NH4OH/NH4Cl extraction of surface bound species). 
Mineralogical characterization involved X-ray diffraction 
(XRD), scanning electron microscopy (SEM), and Fourier 
transform infrared spectroscopy (FTIR).  

Results reveal major downcore changes in both mineralogy 
and chemistry. Significantly, there was a negative correlation 
between the concentration of Fe and Al in sediments, which 
correspond to a distinctly-layered mineralogy. The upper-most 
layer was dominated by poorly-crystallized and amorphous Fe 
and Al oxides, 1:1 phyllosilicates, & hydroxysulfates (e.g., 
goethite, ferrihydrate, lepidocrocite, Al hydroxide, lizardite, 
and schwertmannite). Increasing Al content downcore was 
associated with the appearance of both 1:1 (kaolin group) and 
2:1 (smectite and illite) clays, whose speciation continued to 
change with increasing depth. Geochemical analysis shows 
that, with the exception of Fe, the concentrations of nutrients 
and metals (e.g., P, Al, As, Cu, Co, Cd, Mn, Pb, U, Th and Zn) 
increased with depth. Selective extractions revealed that only 
P, Cl, Br, Si, Cu, Zn, Ni and As were bound to surface 
adsorption sites in sizable amounts. In schwertmannites, 
goethites and clays the metals were predominantly structurally 
bound, substituting for Fe in Fe oxyhydroxide & 
hydroxysulfate structures or incorporated into the clay 
interlayer.  

Data obtained in this work demonstrates that the long-term 
sequestration of metals and metalloids in AMD-impacted 
environments critically depend diagenetic processes and the 
formation of stable minerals that can incorporate chemical 
elements in their structure.  
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Although classical theories of nucleation and growth are 
well established, there remain important cases where 
quantitative models of mineral precipitation have remained 
elusive. The precipitation of sparingly soluble iron 
oxyhydroxides has been one such system, in which 
precipitation may be a complex process involving the 
formation of poorly crystalline precursors, nanoparticle 
aggregation, and secondary phase transformations. 

In this work, we track the nucleation and growth of β-
FeOOH (akaganeite) nanoparticles from acidic (pH 1.5-3) 
FeCl3 solutions using in situ small angle x-ray scattering 
(SAXS). This process generates highly monodisperse 
nanoparticles. Variations in temperature and solution 
chemistry provide fine control over nucleation and growth 
rates. Subsequent precipitation modeling shows that the system 
is well-modeled by classical nucleation theory, and the critical 
parameters controlling nucleation rates are determined. 

The interfacial tension of the β-FeOOH nucleus is shown 
to range from 0.06 to 0.12 J/m2, with a strong pH dependence 
that is consistent with a protonated surface. The size of the 
critical nucleus ranges from 4-30 iron atoms at the onset of 
precipitation. These values should prove useful for developing 
models of more complex iron oxyhydroxide precipitation 
processes. 
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Organic matter (OM) in chondrites consists of insoluble 

and soluble molecules which have been possibly processed in 
the interstellar medium, the proto-planetary disk and/or the 
parent bodies. Aqueous alteration has been suggested to lead to 
the formation of carboxylic acids, to aromatization, or to 
amino acids evolution, but its impact on organics remains 
poorly constrained. While acid demineralization techniques 
allow characterization of the bulk properties of soluble and 
insoluble OM, the spatial relationships between them and the 
inorganic phases is lost. We performed in situ studies by 
combining scanning transmission X-ray microscopy and TEM 
to investigate the functional chemistry of OM within its 
inorganic environment, in carbonaceous chondrites spanning 
the full range of aqueous alteration degree. 

The least altered CRs show discrete OM particles (~ 500 
nm) filling the porosity between silicates. All grains contain 
aromatic, ketone and carboxylic functional groups in similar 
concentrations. More altered CRs (Renazzo, GRO 95577) 
display more aliphatic and carboxylic-rich grains. In 
Murchison (CM) and Orgueil (CI) the OM grains are 
chemically heterogeneous and more aromatic than in type 2-3 
CRs. In addition, “diffuse” OM occurs, which consists of 
carboxylic/aliphatic-rich grains entrapped in the nano-porosity 
(<100 nm) of the phyllosilicates. Chemistry, distribution and 
relationship of OM with inorganic phases evolve with aqueous 
alteration, within one chondrite group (CR) and between 
different groups (CI, CM, CR). The discrete grains are likely 
dominated by insoluble OM, while the “diffuse” OM may 
relate to the soluble fraction. We propose a scenario involving 
the accretion of OM-bearing ices and redistribution of soluble 
OM within phyllosilicates porosity as they crystallize. 
Aromatization and carboxylic acid synthesis is compatible 
with our observations. OM -phyllosilicates could have favored 
clay-catalyzed organic reactions. 
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During the Archaean, the Sun’s luminosity was 18 to 25% 
lower than present-day. Climate models generally infer that 
high concentrations of greenhouse gases (CO2, CH4) are 
required to satisfy the Faint Young Sun Paradox (i.e an Earth 
temperature at least as warm as today). However, constraints 
on paleo-pCO2 gained from climate modelling studies cannot 
be directly compared to geological data because none of them 
consider the carbon cycle-climate equilibrium. Here, a 3D 
climate model coupled to a geochemical model is used to 
explore the impact of Archaean conditions on long term pCO2 
and Earth’s surface temperature evolution. Important variables 
that have been tested include (1) different scenarios of 
continental growth, (2) the effect of granitic vs basaltic 
lithologies of emerged continental surfaces and (3) different 
outgassing rates. Results of climate-carbon cycle simulations 
indicate that during the Early Archean the atmospheric pCO2 
was strongly dependant of the amount of emerged continental 
surfaces (ex: using a surface exposure of 80% that of present 
day results in a pCO2 of 0.02bar). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure a) Three different continental growth scenarios 

tested in this study (ηland represents the emerged continental 
surface / Earth surface).  

b) pCO2 and c) sea surface temperatures calculated for the 
three continental growth scenarios shown in a), two different 
continental mineralogies (GL, granitic lithology; BL, basaltic 
lithology), and an outgassing rate two times higher than the 
present-day flux (grey bands show uncertainties associated 
with continental growth scenarios).   
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To obtain information on migration pattern, we carried out 

thermo-pressure simulation expelled experiment for clay from 
source rock. Our data of expelled experiment supports the 
water solution migration pattern during initial stage.  

Experimental result shows that the ratio of 
RAL+AR/NO+AS/EAL+AR/NO+AS(R=residual oil, E=expelled oil) is 
higher than 1 when the experimental temperature is between 
300 and 400 °C, indicating that the non-hydrocarbons 
fraction(NO) and the asphaltenes fraction (AS) were expelled 
more easily than the other two fractions.  And the ratios of 
RAL/AR /EAL/AR, RNO/AS /ENO/AS are also higher than 1, further 
indicating that the aromatic hydrocarbon(AR) was expelled 
more easily than the saturated hydrocarbon(AL) and the 
asphaltene than the non-hydrocarbon. Apparently, the expelled 
oil is enriched in more soluble components and the residual oil 
contains more insoluble components. This characterization 
supports the water solution migration pattern during the initial 
stage.  

GC-MS analysis shows that the ratio of RC21+C22/C28+C29 
/EC21+C22/C28+C29 is lower than 1 for the saturated fraction when 
the experimental temperature is between 250 and 600 °C, and 
also the ratio of RΣ22-/Σ22+ /EΣ22-/Σ22+. This indicates that short 
chain n-alkane is extruded more easily than long chain n-
alkane. It maybe demonstrates that the primary factor 
influencing the fractionation of various components is their 
difference in the polarity and the next in the density. 
 

This work was supported by National Natural Science 
Foundation of China (Grant No. 41072107). 
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Primitive solar system materials host small amounts of 
presolar dust that condensed in the winds of evolved stars or in 
the ejecta of stellar explosions [e.g.,1]. These ‘stardust’ grains 
are distinguished from Solar System material by their highly 
anomalous isotopic compositions. Recent studies of fine-
grained chondrule rims (FGR) in several carbonaceous (CR, 
CM, C-ungr., CO) [2–4] and unequilibrated ordinary 
chondrites (UOCs) [5] revealed the presence of abundant 
presolar material. Here, we present results from a NanoSIMS 
O-isotopic study of FGRs in several CR, CM and ordinary 
chondrites, as well as Acfer 094. 

Presolar silicate and oxide abundances in FGRs range from 
8 to 190 ppm, which is on the same level as in the respective 
meteorite matrices. For the CRs, UOCs, and Acfer 094, the 
majority of the grains have a silicate composition, which is 
comparable to presolar grain populations in other primitive 
chondrites [e.g., 6]. For the CM FGRs, the average O-
anomalous grain abundance is lower than in the CR rims, and 
the presolar silicate/oxide ratio is ~1. This is significantly 
lower than in other primitive chondrites, indicating a higher 
degree of aqueous alteration, resulting in silicate stardust 
destruction [7]. TEM investigations of FIB-sections from 2 
FGRs in the CRs GRA 95229 and MIL 07525 revealed a 
complex assemblage of sulfides, anhydrous Mg-rich silicates, 
nearly unaltered Fe,Ni metal grains, organic matter, and minor 
phyllosilicates, set in an amorphous Fe-rich silicate 
groundmass. These observations rule out formation by erosion 
or alteration of chondrules; they are indicative of accretion in 
the solar nebula prior to parent body formation. 

 
[1] Hoppe P. 2008. Space Sci. Rev. 138, 43. [2] Leitner J. et al 
2012. MAPS 47, #5191. [3] Leitner J. et al 2013. LPS XLIV, 
#2273. [4] Haenecour P. & Floss C. 2012. LPS XLIII, #1107. 
[5] Leitner J. et al 2014. LPS XLV, #1099. [6] Floss C & 
Stadermann F. J. 2009. GCA 73, 2415. [7] Leitner J. et al 
2012. ApJ 745, 38. 
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The evolution of the marine environment is commonly 

studied based on microfossil species capable of 
biomineralization. However, beyond calcareous or siliceous 
remains, ancient DNA (aDNA) molecules preserved in the sea 
floor represent a valuable, yet largely untapped archive of 
biodiversity. This archive has been investigated as a 
complement to classical palaeoceanographic proxies using 
high-throughput sequencing technologies (HTS) [1,2]. 
Although exhaustive DNA sequence datasets offer promising 
insights into past marine environments, unexpected 
contamination events are still challenging current inferences. 

The large diversity of marine micro-eukaryotes without 
doubt entails sensitive biomarkers of changes. Nevertheless, 
the aDNA proxy deserves further validation. Therefore, we (i) 
compare molecular and microscopic data focusing on the 
extensively studied microfossil group of Foraminifera and (ii) 
describe the ability and relevance of detecting non-fossilized 
taxa based on illumina HTS of ribosomal gene markers. 

In low [2] and high [3] latitude environments, non-
fossilized taxa dominate as in modern communities [4]. We 
found a limited match between fossil species and their aDNA 
markers both in terms of sequence abundance and occurrence 
across sediment core samples, especially in the case of rare 
taxa. Such inconsistencies might results from the many biases 
known to affect sequencing datasets. 

However, HTS is prone to a new pervasive type of caveat 
leading to undetectable cross-contamination patterns among 
multiplexed samples. We document, alleviate and make 
beneficial from this phenomenon to develop a powerful 
filtering method towards high-throughput accuracy. 

Robust experimental planning is the key to optimize the 
value of aDNA information buried in marine sediments and 
understand past and present marine biodiversities. 
 
[1] Coolen et al (2013) Proc. Natl. Acad. Sci. USA 110, 8609–
8614. [2] Lejzerowicz et al (2013) Biol. Lett. 9. [3] Pawłowska 
et al (in revision) Geobiology. [4] Lecroq et al (2011) Proc. 
Natl. Acad. Sci. USA 108, 13177–13182. 
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Water drastically affects the physico-chemical properties 

of magmatic liquids, with in major influence on past and 
present magmatic activity of the Earth. Water may dissolve in 
magmas as H2O molecules (H2Omol) and OH groups, with the 
OH-groups bonded to the silicate network to form Si-OH or 
Al-OH bonds and perhaps alkali-OH and alkaline earth-OH 
complexes. A common procedure to obtain proportion of 
H2Omol and OH groups is to determine the intensities of the 
5200 and 4500 cm-1 IR bands, usually attributed to, 
respectively, (i) combination of stretching and bending 
vibrations of H2O molecule and (ii) to combination of the Si-
OH and fundamental OH stretching modes. By using this 
analytical protocol, the H2Omol/OH ratio seems to be nearly 
insensitive to the chemistry of glasses. However, important 
questions remain as to how bulk chemistry governs the link 
between the different OH groups and the silicate network, and, 
therefore, the H2Omol/OH ratio determined therefrom. 
 In order to obtain a quantitative assessment of bulk 
compositional effects on the speciation of water in quenched, 
hydrous silicate melt (glass), we analysed M2Si4O9 glasses (M 
= Li, Na or K) containing different amounts of water (3.3 - 
17.6 mol%) with the aid of 1H and 29Si MAS NMR, Raman 
and Infrared spectroscopy. Raman and infrared spectra of the 
silicate glasses display three different bands at ~ 2300, ~ 2800 
and ~ 3600 cm-1, assigned to O-H stretching from OH groups 
and from H2Omol. Those three bands seem related to different 
structural environments, as confirmed by 1H NMR spectra. The 
OH distribution between those environments is affected by the 
size of the alkali element present within the silicate network. 

These results question the real origin of the IR combination 
bands. By combining the 2300 and 2800 cm-1 bands with the 
fundamental Si-OH stretching mode at 970 cm-1 the resulting 
band will not contribute to the observed 4500 cm-1 IR band, 
which arises mainly from the 970+3600 cm-1 combination. 
Therefore, the use of the 4500 cm-1 band in infrared spectra as 
a marker of total OH groups content may have introduced 
errors in our interpretation of the water speciation, maybe 
explaining why H2Omol/OH seem independent of glass 
chemistry. 
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We report on trace element data (Fe, Mn, Ba, U, REE) for 
seawater samples collected by submersible above methane 
seeps in the Gulf of Guinea (Regab pockmark). Our aim was to 
investigate the behaviour of trace elements during fluid 
seepage.  Dissolved (<0.45 µm filtered samples) and total 
dissolvable (unfiltered samples) concentrations were 
determined over ~50 m long vertical transects above the 
seafloor.   

We show that substantial amounts of Fe and Mn are 
released into seawater during seepage of methane-rich fluids.  
Mn is exported almost quantitatively in the dissolved form.  
Although a significant fraction of Fe is bound to particulate 
phases, the dissolved iron pool still accounts for approximately 
20 percent of total iron flux at vent sites (mean FeDISS ~34 ± 5 
nmol/kg).  This dissolved Fe fraction also appears to remain 
stable in the water column. In contrast, there was no evidence 
for any significant benthic fluxes of pore water REE, Ba and U 
associated with fluid seepage at the studied sites.   

Overall, the absence of any dissolved REE and Ba 
enrichments in bottom waters at Regab clearly indicates 
effective removal of these elements in sub-surface sediments.  
Most likely, precipitation of authigenic mineral phases at cold 
seeps (carbonate, barite) represents a net sink for these 
elements.  While Mn appears to behave near-conservatively 
during fluid seepage, the observed relative stability of 
dissolved Fe in the water column above Regab is best 
explained by complexation with strong organic ligands, as 
reported previously for submarine hydrothermal systems. 
Considering the ubiquitous occurrence of methane vents at 
ocean margins, cold seeps could represent a previously 
unsuspected source of dissolved Fe to the deep ocean.   
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The aim of this study is to explore relationships between 

climate and continental erosion from river paleochannel 
sediments. A previous work on U-series in the sediments from 
the Murrumbidgee paleochannels (Australia) has revealed that 
the sediment residence times increased by an order of 
magnitude during interglacial periods with direct links to 
climatic parameters [1]. Here, we compare those findings with 
analyses of B and Ca isotopes in the same paleochannel 
sediments, which we interpret as proxies for sources and 
weathering intensity [2,3]. 

We have analyzed different granullometric fractions of the 
sediment samples (500-800 µm, <53 µm and <2 µm) and have 
compared their respective geochemical/isotopic signatures. 
Analyses of major and trace elements confirm that coarse 
grains primarily reflect the mineralogy of the parent minerals 
and most likely reveal a geographical drift of the sediments 
sources whereas the fine grains show significant depletion of 
mobile cations that can be related to the intensity of the 
bedrock weathering. Analyses of δ11B and δ44Ca in the 
different granulometric fractions show that the coarse grains 
follow a gradual isotopic shift over the last 100 kyr with no 
evidence of climatic cycle, indicating a decoupling between 
climate change and the source of sediments in the 
Murrumbidgee watershed. Overall, δ11B and δ44Ca of the fine 
grains follow the trend defined by the coarse ones, indicating 
that the fine grains recovered in a river paleochannel sample 
are chemically related to the coexisting coarse ones. 

Our results suggest that δ11B and δ44Ca in coarse sediments 
give information on the origin of the detrital materials but that 
the difference of chemical and isotopic compositions between 
coarse and fine grains give access to the intensitity of the 
bedrock paleo-weathering. 

 
[1] Dosseto A. et al (2010) Geology 38 (5) 395-398. [2] 
Lemarchand D. et al (2012). Geochim. Cosmochim. acta 98 
78-93. [3] Schmitt A-D et al (2012) Comptes Rendus 
Geoscience 344 (11–12) 704-722. 
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The mobility and transport of gold in hydrothermal vapors 

is strongly influenced by the molecular speciation of gold, 
which is highly sensitive to pH, oxidation state and water 
vapor pressure. In this study, electrospray ionization mass 
spectrometry (ESI-MS) and ab initio tools are applied to 
examine the composition, structure and stability of gold 
chloride clusters. In brief, electrospray ionization of aqueous 
AuCl3 solutions leads to mononuclear clusters of the general 
form [AuCl2]+(H2O)n (n=0-4), [AuOHCl]+(H2O)n (n=0-1) and 
[AuCl2]+(HCl)2(H2O)n (n=0-4). Additionally, ion signals due to 
the dinuclear species [Au2Cl5-xOHx]+(H2O)n (x=0-1) are present 
in mass spectra of electrosprayed aqueous AuCl3. I also present 
CCSD(T) level structures and thermodynamic properties of 
mono- and dinuclear gold clusters, and these data have been 
applied to examine the role of microsolvation on the stability 
of individual gold chloride clusters. Results from CCSD(T) 
calculations indicate that an ion-neutral complex 
Au+(Cl2)(H2O)n, with a formal Au(I) center, is the dominant 
form of mononuclear gold with n=0-2, whereas higher 
hydrates (n>2) are covalently bound [AuCl2]+(H2O)n 
complexes, in which gold exists as Au(III). For dinuclear Au, 
MP2 calculations show that the lowest energy structure is an 
ion-molecule cluster [Au2Cl(Cl2)2]+ consisting of a single-
bridged digold-chloronium ion bound end-on to two dichlorine 
ligands. The results of this ESI-MS study will allow for a more 
detailed prediction of gold speciation in low-density aqueous 
vapors, in particular, in phase-separating hydrothermal fluids. 
Finally, these ESI-MS studies will also help improve our 
understanding of Au clustering and aggregation reactions 
during ore formation processes. 
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Trace element data for spinels are not very common in the 
literature. In this study, we present a synthesis of chromite 
trace element compositions obtained via LA-ICP-MS from 
different occurrences: I) kimberlites, garnet/spinel peridotites 
and chromites included in diamonds (Siberia); II) ophiolites 
(Shetland, Ballantrae and Oman); III) ordinary chondrites. 

Within the first group, chromites from garnet/spinel 
peridotites are usually enriched in Ga, V, Zn, Mn compared to 
those from kimberlites, whilst the behavior of these trace 
elements in diamond-hosted chromite inclusions is 
intermediate between these two end-members. The trace 
elements of ophiolitic chromites resemble the previous group, 
particularly the diamond-hosted inclusions. Among them 
limited compositional differences are related, for example, to 
Ga content that is possibly a function of the tectonic setting 
from which they originated. Other elements showing a certain 
variation are cobalt and lead. These two elements, even within 
the same ophiolitic complex, show different behavior possibly 
related to their tectonic occurrence or to the contemporary 
crystallization of other phases. Compared to the terrestrial 
samples the meteorite chromites are significantly enriched in 
Ga, V, Zn, Mn, Bi, Pb, and depleted in Ni and Co content. 

Ongoing work is aimed at elucidating the potential 
applications of the chromite trace element data as petrogenetic 
and tectonic discriminants and the reason of the presence of 
large Bi and Pb values in specific sample suites. 
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The oil sands extraction industry produces trillions of litres 

of process-affected waters (OSPW), which, in Canada, are held 
in storage ponds, due to a non-release policy of the Canadian 
government. Such policies appear to have arisen over concerns 
about the possibility that toxic effects may arise from 
compounds in the OSPW if leakage were to occur into the 
environment. Thus, there is interest in whether leakages from 
storage ponds are occurring and also whether these can be 
traced and distinguished from the natural sources of oil sands-
derived chemicals in the Athabasca river system. 
Environmental monitoring of oil contamination entails 
profiling of known compounds, but has not been possible for 
OSPW due to its extreme complexity (>10,000 components). 
Now, analyses by tandem gas chromatography mass 
spectrometry (GCxGC-MS) have begun to reveal the identities 
of alicyclic, aromatic and sulphur-containing acids in OSPW, 
allowing development of a method similar to traditional oil 
profiling and its application to OSPW and ground water 
samples. Here, we used GCxGC-MS detection of identified 
compounds, as well as associated isomers of tricyclic acids and 
statistically compared replicate OSPW samples from two 
industries with those of environmental samples. Although 
variation within industries was observed, there was a clear 
difference between the OSPW of the two industries in the 
presence/absence of individual compounds and in the 
fractional abundances of tricyclic acids. Analysis of samples 
from an aged pond and from naturally leached bitumen showed 
that the proportion of higher branched tricyclic acids in these 
was elevated, probably due to biodegradation. We thus propose 
the use of such variation as a means of distinguishing 
compounds derived from natural leaching of bitumen from 
those associated with freshly extracted OSPW and thus 
leaching from tailings ponds. In combination with monitoring 
of individual compounds, this might enable monitoring of 
anthropogenic impacts on natural systems arising from oil 
sands mining activities.  
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Early Paleoproterozoic time (2.5-2.0 Ga) marks the period 
in Earth history when modern-style aerobic conditions were 
established worldwide, as archived in a suite of interlinked 
mineralogical, geochemical and isotopic anomalies in the rock 
record. The appearance of the oldest significant phosphorites at 
c. 2.0 Ga is a consequence of those processes. It has been 
proposed that the the rise of atmospheric oxygen and related 
profound biogeochemical events during Paleoproterozoic led 
to an enhanced riverine supply of phosphate to the oceans 
thereby boosting biological productivity and hence 
phosphogenesis. However, the P-rich deposits are 100-300 
million years younger than those events highlighting the need 
for a critical evaluation of mechanisms triggering the oldest 
phosphogenic episode. Phosphorite intervals in organic-rich 
rocks from vent/seep influenced settings of c. 2.0 Ga Zaonega 
Formation, NW Russia preserve a phosphatized and fossilized 
consortium of giant sulfur-oxidizing bacteria and 
methanotrophic archaea. Such sulfur bacteria, commonly in 
association with methanotrophs, inhabit the (sub)oxic-sulfidic 
redoxcline in sediments of venting areas and upwelling zones, 
and mediate modern phosphogenesis. Using the modern 
analogues, it can thus be hypothesized that the Zaonega rock 
record preserving phosphatized microbial community tracks 
the initial establishment of sedimentary environments with a 
steep redoxcline that provided a habitat for giant sulfur-
oxidising bacteria. Such environments that facilitated 
biologically mediated phosphogenesis were during 
Paleoproterozoic established in response to the oxygenation of 
Earth. 
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In seawater, bromine (as Br-) is considered a conservative 

element. In marine sediments, by contrast, Br is associated 
with organic carbon [1] through covalent C-Br bonds [2]. 

We investigated the bromination of phytoplankton detritus, 
the major precursor of sedimentary organic matter. Isolated 
membranes from the microalga Tetraselmis sp. were subjected 
to oxidative treatments in seawater, and the organobromine 
content was measured using a newly developed X-ray 
spectroscopic procedure [3]. The results show that Br is readily 
incorporated into algal membranes through a variety of 
processes involving iron-catalyzed, photochemical, and 
enzymatic mechanisms (Fig. 1). The bromination results in 
both aliphatic and aromatic organobromine products, with the 
latter showing greater stability under continued oxidation. 
Analysis of sediment trap materials corroborates this stability 
of aromatic forms. 

 
Figure 1: Effect of 
Fenton-like and 
photochemical 
treatments on total 
organobromine in 
algal membranes. 

 
 
 
 
 
 
These bromination reactions may signal various oxidation 

stages of marine organic matter and potentially play a role in 
long-term Br and organic matter cycles.   
 
[1] Mayer et al (1981) Organic Geochemistry 3, 37-42. [2] 
Leri et al (2010) Global Biogeochemical Cycles 24, GB4017. 
[3] Leri & Ravel (2014) Journal of Synchrotron Radiation, in 
press. 
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Thorium is an important tracer for the cycling of marine 

particles and of their chemical constituents, including carbon, 
nitrogen, and phosphorous. It is thought to be removed 
(“scavenged”) from the ocean through a reversible exchange 
with settling particles. In the 1990s R. Murnane and colleagues 
pioneered the use of inverse methods to analyze Th and 
particle data on oceanic samples in terms of particle processes, 
such as (dis)aggregation, remineralization, and sinking. 
Recently we have applied such a method (the algorithm of total 
inversion or ATI) to explore the potential of Th and particle 
data from GEOTRACE to further our understanding of these 
processes in the ocean. 

Here the ATI is used to test four different models of 
chemical scavenging from an unprecedented dataset collected 
at oligotrophic station USGT11-22 of the U.S. GEOTRACES 
North Atlantic Zonal Section. The data used in this work 
consist of 230,234Th activity and particle concentration in 
different size classes (<0.45 µm, 0.8-51 µm, and >51 µm) 
below a depth of 100 m.  The models assume one or two 
classes of particles and uniform or non-uniform rate constants. 
They are tested by determining the deviations in the data which 
are needed in order for them to satisfy the model equations 
perfectly and by comparing these deviations to the estimated 
data errors (analysis of residuals). 

In our presentation we will report on the results of our 
tests. Among our preliminary findings is the indication that a 
model with one class of particles and uniform rate constants, a 
popular description of Th and particle cycling in the ocean, is 
not compatible with station USGT11-22 data. This result 
should hold for any plausible combination of the rate 
constants.  
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The early Eocene Skaergaard intrusion, central east 
Greenland, is one of the most thoroughly studied layered mafic 
intrusions on Earth and an exceptional example of (near) 
closed-system magmatic differentiation. The Skaergaard 
intrusion is ideally suited to test models of closed-system 
fractional crystallization on non-traditional stable isotope 
systems, particularly iron. FeTi oxide minerals 
(titanomagnetite and ilmenite) appear after ~60% of the 
magma had solidified.  This was a significant event affecting 
the liquid line of descent and potentially accompanied by iron 
isotope fractionation.  Here we report the results of a broad 
study of the iron isotope compositions of gabbros within the 
layered and upper border series of the Skaergaard intrusion, 
pegmatite and granophyre associated with these gabbroic 
rocks, and the sandwich horizon thought to represent the 
product of extreme differentiation and/or liquid immiscibility. 
Forty-eight whole rock samples from well-constrained 
stratigraphic levels in the intrusion were crushed, powdered 
and dissolved, followed by iron separation by ion 
chromatography. Purified solutions were analyzed by MC-
ICPMS in high-resolution mode using the sample-std bracket 
method. The δ56Fe values for Skaergaard gabbros range from a 
low of -0.019 per mil to a high of 0.253 per mil with an 
external precision of ±0.05 per mil (1σ) or better.  This range 
in δ56Fe spans much of that reported for terrestrial igneous 
rocks. δ56Fe varies systematically with stratigraphic position. 
Forward modeling of closed system fractional crystallization 
constrained by cumulate volumes, whole rock and mineral 
compositions, mineral modes and independent constraints on 
Fe isotope fractionation factors account for the stratigraphic 
relations, except during the final stages of differentiation of 
iron-rich silicate magma where the largest variation in δ56Fe 
occurs.  We assess and dismiss liquid immiscibility, Soret 
effects and hydrothermal alternation as responsible for the 
variations, and hypothesize that Fe isotope fractionation factors 
for silicate minerals decrease markedly due to a change in the 
structural role of Fe+2 in very iron-rich silicate magmas 
characterizing the terminal stages of Skaergaard evolution.  
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INTRODUCTION 

Large populations of fluorescent pseudomonads producing 
high concentrations of the redox-active antibiotic phenazine-1-
carboxylic acid have been discovered in dryland wheat fields 
throughout the low precipitation zone of the Columbia Plateau 
[1].  In culture, phenazines have been shown to reductively 
dissolve iron and manganese oxides [2] and to promote biofilm 
development via solubilization of Fe [3], but these effects have 
not been investigated in soil or in agroecosystems.  Using 
wild-type and mutant pseudomonads, we have developed 
growth chamber experiments to test the hypothesis that 
phenazine-producing rhizobacteria enhance bio-availability of 
Fe and Mn under dryland conditions. 
RESULTS 

Phenazine-producing rhizobacteria and isogenic mutants 
impaired in phenazine synthesis both significantly influenced 
soil Mn chemistry relative to soil Fe chemistry under dryland 
conditions.  Both strains also significantly increased wheat 
above-ground biomass.  These results suggest that soil Mn 
chemistry is more readily influenced by rhizobacteria than soil 
Fe chemistry, that soil Mn and Fe chemistries are tightly 
coupled, and that phenazine-producing rhizobacteria may 
employ multiple mechanisms to enhance bio-availability of 
micronutrients under dryland conditions.  Additional growth 
chamber, culture, and microscopy experiments for comparison 
of the impact of phenazine-producing rhizobacteria upon Fe 
and Mn bio-availiability under irrigated and dryland conditions 
are underway. 

 
[1] Mavrodi et al (2012) Appl Environ Microb 78, 804-812.  
[2] Hernandez et al (2004) Appl Environ Microb 70, 921-928. 
[3] Wang et al (2011) J Bacteriol 192, 365-369. 
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Silver nanoparticles (AgNPs) have been the focus of an 
intense research because of their wide use in commercial 
products but also because of their potential impact on the 
environment when released from their initial product. AgNPs 
were shown to quickly transform altering their physico-
chemical properties and therefore their reactivity. In the 
context of using “safer by design” nanoparticles, SiO2 coated 
AgNPs seems to be a possible candidate to consider. Indeed, 
the SiO2 coating might improve the long-term antibacterial 
properties of the AgNPs over the life time of the product by 
slowing down its oxidation/transformation. In addition, it 
might also prevent the direct contact with organisms once 
released in the environment, limiting its toxicity. To the best of 
our knowledge, the stability of the SiO2 coating (depending on 
its structure) and its impact on its protective role against 
transformation (oxidative dissolution, sulfidation…) has never 
been explored from an environmental point of view. 

In this context this project propose to look at the stability 
of these nanoparticles in different environmental media. 
Physico-chemical stability of the SiO2-coated AgNPs will be 
compared with the classicaly used polyvinylpyrrolidone-coated 
AgNPs. Snapshots on AgNPs solubility, SiO2 coating structure 
and stability, particle diffusion into biofilms and toxicity will 
be presented.  

 This work is part of the SERENADE (Safe(r) Ecodesign 
Research and Education applied to Nanomaterial 
Development) project who’s goal is to create a dynamic 
network of academic research laboratories and industry to 
design tomorrow's nanomaterials that are safer for both 
humans and the environment. 
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Grasses play a critical role in views of the environmental 

context for human evolution. δ13C records of fossil teeth, soil 
carbonates, and leaf waxes indicate that C4 grasses were 
prevalent in eastern Africa since the late Miocene but only 
became consistently dominant parts of landscapes during the 
Pleistocene. The more recent C4 expansion is important for 
human evolution as it coincides with the appearance of 
hominin omnivory, bigger brains, and bodies adapted to long-
distance travel.  

The Pleistocene success of C4 grasses is recorded by 
multiple proxies but soil carbonate δ13C records are 
particularly telling as they indicate the dominance of C4 plants 
in one of the least likely places: large floodplain soils where C3 
trees, shrubs, and herbs should be abundant. This dominance is 
traditionally attributed to increased aridity [1], but recent 
foraminiferal δ11B records of atmospheric pCO2 below 350 
ppm in the Pleistocene [2, 3], a threshold in the quantum yield 
of C3 and C4 plants in warm environments [4], should 
revitalize arguments for the importance of pCO2 levels on 
distributions of C4 plants. The dominance of C4 grasses during 
the Pleistocene in eastern Africa and elsewhere likely 
represents an ecological shift that involves the interplay 
between pCO2, fire, grazing, and aridity [5]. The ecological 
significance of the emergence of Homo should be considered 
in terms of a low pCO2 world. 

 
[1] deMenocal (2004) EPSL 220, 3-24. [2] Hönisch et al 
(2009) Science 324, 1551-1554. [3] Bartoli et al (2011) 
Paleoceanography 26, PA4313. [4] Ehleringer et al (1997) 
Oecologia 112, 285–99. [5] Bond & Midgley (2012) Phil. 
Trans. R. Soc. B 367,  601-612. 
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The Coles Hill uranium deposit shows similarities and 
differences compared to other U deposits hosted in crystalline 
rocks. The deposit is characterized by a mylonitized 
granite/amphibolite host, uraninite and coffinite ore, and 
minimal sulfides. Its location in a humid, temperate climate 
differentiates it from sedimentary U deposits that have 
previously been developed in the western US. A previous 
study of baseline geochemistry at the Coles Hill deposit 
collected geochemical data from stream waters and sediments. 
Geochemical data  were evaluated using multivariate statistical 
analysis to identify elemental and compositional trends. 
Emphasis is placed on trace elements known to be associated 
with uranium in the deposit and overlying soils, including 
vanadium and light rare earth elements, which do not occur in 
economic concentrations. The statistical reduction of large 
datasets highlights significant geochemical processes 
controlling the chemistry, including partitioning between solid 
and aqueous phases, speciation, and complexation. Relevant 
data obtained in this study provide input into geochemical 
models to interpret site geochemistry.  

Initial investigation of stream sediments show correlations 
between many trace elements and geochemical parameters. 
Uranium, V, Pb, Ce, La, and other metals are positively 
correlated with organic carbon and the amount of fine material 
(<53 μm), suggesting that sorption plays a role in the 
partitioning of trace metals between aqueous and solid media 
in streams at this site. Dissolved U, V, Pb, and other metals are 
correlated with dissolved organic carbon but not with pH or 
alkalinity in stream water, implying that organic ligands may 
influence solubility in Coles Hill waters. 

Due to the geochemical distinctiveness of the Coles Hill 
deposit, the processes governing the distribution of trace 
metals in environmental media such as stream water and 
sediment are of particular interest to stakeholders and may 
prove useful in exploration for similar deposits in the region. 
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As carbon is poorly soluble in silicate melts, basalts from 
mid-oceanic ridges (MORB) contain little dissolved carbon 
(170±70 ppm CO2, 1σ, n=440). In order to look at small-scale 
variations in carbon degassing flux, we performed a pilot study 
of in situ carbon isotope measurements in MORB, using the 
ion microprobe Cameca 1280-HR2 from CRPG. Instrumental 
mass fractionation was assessed using a serie of natural and 
experimental glasses with known carbon content (100-7000 
ppm CO2) and known carbon isotope ratios (δ13C from -21.9 to 
-5.7 ‰, relative to marine carbonate standard, with 13C/12C of 
0.0112246). The best results were obtained in monocollection, 
using a 10 kV, Cs+ primary beam with a 15 nA intensity, a 
mass resolution of 5000, and 20% gating. Each analysis 
consisted of 30 cycles of signal collection using electron 
multipliers on masses 11.5 (background, 3s), 12 (4s) and 13 
(20s). The instrumental fractionation was important (32‰) but 
constant over a 3 day period. Carbon contamination on the 
surface causes some instability; nonetheless, we achieve an 
analytical error of 1.0-1.5 ‰ (2σ over 30 cycles) and spot-to-
spot reproducibility of ±2.0-3.0‰ (2σ, n=3-6) on standards 
with low carbon contents (100-400 ppm). We analyzed 8 
MORB from the Equatorial Mid-Atlantic Ridge that range 
from -12.8±1.1‰ to -1.1±0.8‰ (2σ). These results are in good 
agreement with degassing rates inferred from rare gas 
measurements in samples from the same area [1]. Applications 
of this technique to small samples such as arc melt inclusions 
are very promising. 
 
[1] Tucker et al (2012) Earth Planet. Sci. Lett. 355-356, 244-
254. 



 Goldschmidt2014 Abstracts  

 

1417 

1417 

Variable carbon degassing from 
MORB assessed using CO2/Nb 

M. LE VOYER1,2*, K. A. KELLEY3, E. COTTRELL2  
AND E. H. HAURI1 

1Carnegie Institution, Washington, DC 20015, USA 
(*correspondence: mlevoyer@dtm.ciw.edu) 

2Smithsonian Institution, Washington DC, 20013, USA.  
3University of Rhode Island, Narrangansett, RI 02882, USA. 

 
Magmatism at mid-oceanic ridges releases an important 

flux of carbon from the mantle into the ocean/atmosphere. As 
carbon is poorly soluble in silicate melts, mid-oceanic ridge 
basalts (MORB) contain little dissolved carbon (170±70 ppm 
CO2, 1σ, global dataset of 440 glass samples), and most of the 
carbon is released as CO2 in the exsolved gas phase. By 
comparing the collection pressure (proxy for eruption pressure) 
with the modeled H2O-CO2 saturation pressure, we find that, 
with the exception of glasses from the Siqueiros Fracture Zone, 
all MORB samples reached vapor saturation within the crust. 
This is in good agreement with the presence of gas vesicles (a 
few % in volume) in MORB samples. Most MORB are also 
oversaturated with CO2 at the depth of eruption, with up to 3.5 
times the CO2 content predicted for saturation at the depth of 
eruption. We infer that the oversaturation is a consequence of 
kinetic effects that delay bubble formation and/or equilibration 
of C between the melt and the gas phase. The CO2/Nb of 
global MORB vary from 5 to 400. No clear correlation with 
eruption pressure is found at the global scale. However, there 
is an overall positive correlation between CO2/Nb and the 
amount of oversaturation, indicating that CO2/Nb variation in 
MORB records the combined effect of equilibrium degassing 
and kinetic effects that delay CO2 release in the vesicles. 
Interestingly, the lowest CO2/Nb are associated with the 
smallest oversaturation rates and are found in MORB from 
ridge segments near hotspots. We will investigate the link 
between magma storage conditions, degassing and 
oversaturation using local examples. 
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During the summer and early fall of 2013, the Atmospheric 
Radiation Measurement (ARM) program of the U. S. 
Department of Energy (DOE) sponsored an aircraft-based field 
campaign to study the near-field evolution of particulate 
emissions from biomass burning. Key scientific objectives for 
the Biomass Burning Observation Project (BBOP) were to 1) 
quantify the downwind time evolution of microphysical, 
morphological, chemical, hygroscopic, and optical properties 
of aerosols generated by biomass burning, 2) use the time 
sequences of observations to constrain processes and 
parameterizations in a Lagrangian model of aerosol evolution, 
and 3) incorporate time evolution information into a single-
column radiative transfer model for determining forcing per 
unit carbon burned. The campaign involved 120 hours of flight 
time of the G-1 aircraft, and in total, 17 wildfires in the Pacific 
Northwest, approximately 35 agricultural burns in the 
Mississippi River Valley in the central U.S., and 7 urban 
plumes were sampled, providing a spectrum of fuel sources. 

Rapid increases in the coating thickness of refractive black 
carbon (rBC) particles, organic aerosol/rBC ratio, 
scattering/CO ratio, and aerosol size distributions were 
observed during the first hour of the plume age, both for 
wildfires sampled in the Pacific Northwest and in controlled 
agricultural burns in the south-central Mississippi Valley. 
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The analysis of trace metals incorporated into calcified 
structures of marine organisms using Laser Ablation 
Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) 
is a powerful technique capable of addressing several 
ecological questions. The sequential accretion of 
hydroxyapatite within the vertebral centra of elasmobranchs 
(sharks, skates, and rays) produces a biogeochemical 
chronology of environmental conditions experienced by an 
individual and allows researchers to gain insight into 
movement patterns and population structure. To date, the 
analyses of trace metals within the centrum do not account for 
the 2D nature of mineral deposition and its potential effect on 
data interpretation. By running three parallel transects across 
the centra of different species and interpolating trace metal 
concentration between transects, we were able to construct 2D 
maps of elements commonly used to study the ecology of 
elasmobranchs (e.g., Sr, Ba, Pb, and Mn). In doing so, we were 
able to better visualize the distribution of trace metals, evaluate 
the importance of transect placement, and present new insight 
into the sources of trace metals incorporated into elasmobranch 
vertebrae. 
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In order to improve our understanding of ocean chemistry 
and biogeochemical cycling following the termination of 
Paleoproterozoic iron formation deposition (~1.85 Ga), we 
conducted a Fe-S-C-Mo geochemical study of the ~1.65 Ga 
Chuanlinggou Formation, Yanshan Basin, North China. Our 
results suggest that dominantly ferruginous conditions 
prevailed below the surface mixed layer with no evidence for 
discernible episodes of intermediate euxinic waters in the 
continental rifting Yanshan Basin, apparently independent of 
the local organic carbon content or the extent of basin 
connectivity with the open ocean. However, coupled carbonate 
associated sulfate (CAS) and pyrite S isotope systematics 
suggest significant diagenetic sulfate reduction. This 
relationship implies that the lack of euxinic conditions 
observed were linked to insufficient rates of water column 
sulfate reduction rather than complete sulfate limitation. 
Importantly, these data provide an excellent framework for 
assessing the controls on local euxinia in terms of rates of 
sulfide production, as controlled by local organic C and sulfate 
availability, and in the face of the buffering capacity of a 
broadly ferruginous deep ocean. Lastly, despite evidence for 
mudstone deposition under anoxic conditions, the observed 
sedimentary Mo enrichments are not significantly higher than 
crustal Mo levels (0-6 ppm ppm/wt.% for average Mo/TOC, 
with most values <1 ppm/wt%), consistent with the notion of 
low Mo mass accumulation rates in anoxic waters where Fe(II) 
is in excess of sulfide. Our findings thus support an emerging 
picture for the mid-Proterozoic ocean chemistry with deep 
waters that were dominated by ferruginous conditions.  
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Thermal ionization mass spectrometry and multiple-

collector inductively coupled plasma mass spectrometry are 
considered “gold standards” for determining Sr–Nd and Hf 
isotopic ratios in geological samples because these techniques 
offer several advantages, such as extremely high precision and 
accuracy. However, time-consuming and tedious chemical 
procedures greatly hinder sample throughput. Three-step ion 
exchange resin separation is traditionally employed to purify 
Sr-Nd-Hf from matrix elements. In this study, a 
straightforward one-step Sr-Nd-Hf separation scheme for 
processing geological samples is developed. The separation 
scheme is based on the combined use of conventional 
AG50W-X12 cation-exchange resin and LN Spec extraction 
chromatography material without any intervening evaporation 
step. The protocol not only prevents cross-contamination 
during operation using multiple-stage ion exchange resins but 
also significantly improves sample preparation efficiency. The 
stability of our chemical procedure is demonstrated through 
replicate measurements of 87Sr/86Sr, 143Nd/144Nd, and 176Hf/177Hf 
ratios in six international silicate rocks reference materials. 
The analytical results obtained for these standard rocks show 
good agreement with published data. The external 
reproducibility (2 SD, n = 10) of a BCR-2 standard sample was 
± 0.000018 for 87Sr/86Sr, ± 0.000010 for 143Nd/144Nd, and ± 
0.000014 for 176Hf/177Hf.  
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Highly siderophile element (HSE) abundances in some of 

Earth’s oldest known rocks, the Acasta Gneisses (Slave 
Craton, Canada), may provide insights on the timing of late 
accretion and the modification of the Hadean and Eoarchean 
crust by late planetesimal bombardment. New data on 3.7 Ga 
metagabbros from the Acasta area have HSE patterns and S, 
Se, Te abundances that are indistinguishable from those of 
young rocks of the lower oceanic crust. One of the layered 
metagabbros with cumulate features (high PGE, Te, Cr, Ni, 
low S, Se) and low Re/Os yielded a Re-Os model age of 
4.30±0.01Ga. An iron-rich garnet amphibolite displays very 
low PGE abundances (except Pd, 60 ng/g) and high Au, Re, 
Te, Se and S contents. Felsic rocks from the Acasta region, 
which range from intermediate to granitic composition 
(including a sample with a Sm-Nd isochron age of 4 Ga [1]) 
have very low abundances of non-radiogenic Os isotopes, Ir, 
Ru and Rh. Abundances of other HSE and S, Se, Te are within 
range of those in young intermediate to felsic upper crustal 
rocks. Thus, the data on a spectrum of rock types indicate 
HSE, S, Se and Te systematics that are indistinguishable from 
those of modern crustal rocks. In-spite of a complex polyphase 
magmatic and metamorphic history, different rock types 
appear to have retained primary chemical characteristics. HSE, 
S, Se and Te contents of an ultramafic rock enclosed in 
gneisses resemble those of post-Archean mantle peridotites. 
We conclude that Acasta crustal rocks show no evidence for an 
excess in HSE, S, Se, and Te contents. Furthermore, these 
elements occur in non-chondritic ratios and hence show no 
indication of an extraterrestrial provenance associated with 
putative large basin-forming impacts at 4.0 to 3.7 Ga. The data 
for metagabbros and the ultramafic sample indicate derivation 
from domains in Earth’s mantle that had an HSE composition 
similar to the modern mantle. Our results support the view that 
the late veneer and the recycling of HSE-contaminated early 
crust into the mantle must have significantly predated 4.0 Ga. 
 
[1] Scherer, EE., Sprung, P, Bleeker, W, and Mezger, K (2010) 
Abstr. V44B-01 Fall Meeting AGU. 



 Goldschmidt2014 Abstracts  

 

1423 

1423 

Effect of model peptide on struvite 
mineralization and implication for 

pathological biomineralization 
HANG LI1, QI-ZHI YAO2, YU-YING WANG1  

AND GEN-TAO ZHOU1* 
1School of Earth and Space Sciences, University of Science 

and Technology of China, Hefei 230026, P. R. China 
(gtzhou@ustc.edu.cn). 

2School of Chemistry and Materials Science, University of 
Science and Technology of China, Hefei 230026, P. R. 
China (qzyao@ustc.edu.cn). 

 
Pathological stones have been plaguing human beings 

since the beginning of civilization. To conquer these diseases, 
researchers have made many efforts to understand the 
mechanisms in stone formation and found that certain urinary 
proteins can efficiently inhibit stone formation. These 
discoveries are significant for developing effective stone 
disease therapies. However, the crystallization inhibition 
mechanism remains elusive. Herein, synthetic polyaspartic 
acid (PASP) was employed as a model biomacromlecule to 
understand the effect of urinary proteins on crystal growth and 
morphology evolution of struvite in ammonia diffusion system. 
The results demonstrate that stereoselective recognition and 
binding of PASP onto (010) faces and (101) faces of struvite 
crystals result in arrowhead-shaped morphology, which further 
evolves into X-shaped and unusual tabular structures with 
time. Noticeably, these morphologies are reminiscent of 
biogenic struvite morphology. In addition, concentration-
dependent experiments show that PASP can inhibit struvite 
growth and the inhibitory capacity increases with PASP 
concentration increasing, while aspartic acid monomers show 
no detectable effect. Considering that PASP is structural and 
functional analogues of subdomains of aspartic acid-rich 
proteins, our results reveal that aspartic acid-rich proteins play 
a key role in regulation of biogenic struvite morphogenesis, 
and aspartic acid residues conduce to the inhibitory capacity of 
urinary proteins. Therefore, our work provides a new insight 
into the mechanism of pathological biomineralization. 
Moreover, we believe that PASP can potentially be developed 
as a therapeutic agent for urinary stone disease based on its 
excellent properties. 
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Dabie-Sulu orogen contains the most extensive ultra-high 

pressure metamorphic terrane in the world. Previous research 
works have been predominantly focused on the UHP 
metamorphism while the post-UHP geological processes are 
regarded as a secondary role.  

Amphibole occurs as a very common mineral phase in the 
retrograded UHP rocks. Their composition and occurence can 
provide valuable clues on  geological processes.  

The Bixiling complex is the largest coesite-bearing UHP 
metamorphic mafic-ultramafic body in the Dabie-Sulu orogen. 
In the Bixiling area, there occurred meta-ultramafic rocks, 
MgAl-rich eclogites, FeTi-rich eclogites, amphibolites and 
granitic gneisses. Geochemical and petrological studies have 
disclosed that the protoliths of the meta-ultramafic rocks and 
MgAl-rich eclogites should be a magmatic complex with a 
magma chamber differentiation characteristics.  

In the MgAl-rich eclogites, pseudomorphy of  lawsonite 
(epidote+kyanite+quartz) can be found as intergranular mineral 
assemblage between garnet and omphacite. Only one stage of 
amphibole, with a barroisite composition, occurred in this rock. 

Field observation and chemical data indicate the 
amphibolites, which occurred as layers or lens in the granitic 
gneiss, could be products of complete retrogression from FeTi-
rich eclogites. Two stages of amphiboles, ferropargasite and 
pargasite respectively, occurred in the FeTi-rich eclogites.  

A typical migmatite outcrop was observed near the 
northeastern end of the complex along the Xiannü River. The 
migmatites consist of fine-grained amphibolites and 
trondhjemitic gneisses. Both rocks present plastic outlines with 
a later coherent foliation. Two stages of amphiboles, with 
concordant composition for each stage, were found in both 
rocks. They are actinolite in the earlier stage and hastingsite in 
the later stage. The similarity in amphibole compositions 
reflects possible chemical equilibrium during the partial 
melting process.  
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The morphology of zircons may record a complex magma 

history. LA-ICPMS microprobe allows correlation between 
changes in zircon morphology and changes in the trace 
element chemistry, where the external morphology of zircons 
reflects the environment of crystallization, including magma 
composition, temperature and fluid participation. 

Different types of mineralization in the Huangshaping 
deposit have been classified and attributed to three types of 
granitoids from the composite granitic pluton: quartz porphyry, 
granophyre and granite porphyry. Zircon grains from these 
granitoids have been classified into two types: Type 100 and 
Type 110. Zircons from the quartz porphyry mainly belong to 
Type 110, whereas zircons from the granite porphyry are 
predominantly classified as Type 100. The granophyre zircons 
are found in both types. On the other hand, most zircons from 
the quartz porphyry and the granophyre have well developed 
{101} pyramids that result in blunt edges and corners. In 
contrast, majority of the zircons from the granite porphyry 
have well-developed {211} pyramid, which show sharp edges 
in their spire angles. Additionally, there is a large variation 
between different types of granitoids in terms of trace element 
concentrations. Compared to the zircons from the quartz 
porphyry and the granophyre, zircons from the granite 
porphyry are more enriched in Th, U, Hf, Ti, and P but 
strongly depleted in Eu. 

We conclude that the granite porphyry might have the 
highest magmatic crystallization temperature among these 
granitoids. The quartz porphyry and the granophyre are 
alkaline-rich whereas the granite porphyry is aluminous in bulk 
composition. In pace with the intrusive sequence, the 
aluminum concentration increased but the alkalinity decreased. 
This suggests that the magma that formed the granite porphyry 
possibly experienced stronger crystal fractionation and 
originated from a more evolved, complex magmatic source 
region with higher degree of crustal maturity, resulting in the 
large-scale W-Sn-Pb-Zn mineralization in this area. 
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The reactivity of dissolved organic carbon (DOC) in 

marine anoxic sediments was investigated in an incubation 
experiment designed to assess the fate of pore water DOC 
upon export to the oxic water column. Pore water samples 
from the Santa Barbara Basin (SBB) and the Santa Monica 
Basin (SMB), California Borderland, were collected from the 
uppermost 10-20 cm of the sediment column in August 2013. 
These samples were innoculated with sea water collected from 
100 m water depth at SMB, sparged with ultra high purity air 
to saturate samples with O₂, and then incubated in the dark at 
9.8 ˚C (temperature of the water column at 100 m depth) for 
over 6 months. The DOC concentration of the SMB sample 
dropped from a starting value of ~530 µM to ~460 µM in the 
first 6 days, then remained constant thereafter. The DOC 
concentration of the SBB sample also decreased at the onset of 
the incubation, from an initial value of ~630 µM to ~600 µM 
in the first 11 days. However, starting day 12, DOC 
concentration increased, and by day 44 reached a value similar 
to that at the start of the incubation. We will present these 
results with Δ14C and δ13C values of DOC and discuss the 
implications of these results for the fate of pore water DOC in 
the water column.  
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It is generally accepted that intracellular water is 

isotopically identical to extracellular water, due to the near-
instantaneous and unimpeded transport of water across cell 
membranes. However, isotopic measurements of intracellular 
water extracted from microbial cells indicate that metabolism 
produces isotopically distinct water, which can account for as 
much as 70% of intracellular water [1, 2]. Our recent studies of 
the O isotopic composition of PO4 in microbial biomolecules 
(e.g. DNA) also indicate a significant contribution of non-
extracellular water (e.g. metabolic water) to the intracellular 
water pool. Our observations are based on PO4 in DNA, which 
has been shown to be a powerful probe of intracelluar water 
and like bioapatites (e.g., bones, shells, teeth), also records 
temperature and O-isotope exchange between PO4 and water 
[3]. We hypothesize that this is due to the effect of 
pyrophosphatase--an intracellular enzyme that catalyzes 
complete exchange of all 4 O’s in PO4 with ambient water [4] -
-on the intracellular dissolved PO4 pool from which both 
phosphatic biomolecules and bioapatites are synthesized. 
When Marinobacter aquaeolei  was grown in media made 
using 3 different 18O-labeled waters at 3 different temperatures, 
the δ18Op value of PO4 in DNA plotted  against  δ18O values of 
extracellular water gave a slope of 0.65, indicating that ~35% 
of  O in DNA-PO4 is not derived from the extracellular water 
in the growth medium. Results from these studies suggest the 
need  to determine the percentage and isotopic composition of 
any possible metabolic water component of intracellular water 
for isotope probing studies of cellular processes and cellular 
biomass.  These findings further suggest that previous studies 
based on  O isotopic compositions of biogenic  minerals (e.g., 
carbonates, apatites) that assume isotopic equilibrium between 
these biominerals and intracellular/body water, which has also 
been assumed to have the same isotopic composition as 
extracellular water,  may need re-evaluation. 

 
[1] Kreuzer-Martin et al (2005) PNAS 102, 17337-17341. [2] 
Kreuzer-Martin et al (2006) Biochemistry 45, 13622-13630. 
[3] Blake et al (2014) PNAS, submitted. [4] Blake et al (2005) 
Am. J. Sci. 305, 596-620. 
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Mercury is a common harmful element in natural gas. 
Mercury could be hazard for human’s health. It could also 
corrode pipelines and causes serious safety accidents. So, it is 
important to study distribution and genesis of mercury rich gas 
in China. In this paper, the author detected gas from about 500 
gas wells of eight basins in China. Mercury content varies (0 to 
2240000ng/m3 gas). Gas in Songliao basin and Tarim basin is 
rich in mercury. Mercury content in many wells in these two 
basins is higher than 500000ng/m3. Mercury content of gas in 
Bohai Bay basin, Ordos basin and Junggar basin is relatively 
high(some higher than 50000 ng/m3). Mercury content of gas 
in Sichuan basin, Turpan basin and Qaidam basin is low(0 to 
42000 ng/m3). Gas of high mercury content in China mainly 
distributed in the active structural background, such as rift 
basins and foreland basin. Based on measuring the mercury 
content in coal and gas generation from coal, we consider that 
coal would have the ability to supply enough mercury for 
forming high mercury content in natural gas. Many factors 
could lead to high mercury content in gas, such as source rock, 
deep giant rift and volcanic activity. High mercury contents in 
natural gas are controlled by mercury enriched source rock, 
sufficient heating force and necessary conservation 
temperature. According to mercury’s physical and chemical 
properties as well as depositional environment, burial and 
evolution process of coal, the accumulation of mercury in 
natural gas can be divided into five stages like as 
transportation, sedimentation, burial, release, and conservation. 
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The Yichun Ta-Nb deposit located in Jiangxi Province, 
China  can be divided into four belts, and they are, from the 
lower to the upper part, two-mica granite belt, muscovite 
granite belt, albite granite belt, and lepidolite-albite granite belt 
[1, 2]. To understand the ore-forming processes of Yichun 
deposit, we studied the fluid and melt inclusions of this deposit. 
The quartz from the mineralized granite contains mainly H2O-
NaCl inclusions and silicate melt inclusions. The 
homogenization temperatures of the H2O-NaCl inclusions 
range from 180 to 220℃, with the densities of 0.86~0.94 
g/cm3, and salinities of 0.9~6.6 wt％NaCl equivalent. Raman 
spectroscopic analyses of the daughter minerals in the melt 
inclusions showed that, from the lower to the upper 
mineralization belts, the albite content increased, while the 
muscovite content decreased gradually until it was replaced by 
lepidolite with the appearance of manganotantalite in the 
lepidolite-albite belt. Also,  the densities of melt inclusions, 
estimated from their contents of daughter minerals, showed a 
decreasing trend. The homogenization experiments of melt 
inclusions were performed under elevated external pressure by 
using the hydrothermal diamond anvil-cell; the total 
homogenization temperatures ranged from 710 to 860℃, and 
the initial melting temperatures of solid phases ranged from 
570 to 760℃; both of them showed a decreasing trend from 
the lower to the upper mineralization belts. These features 
illustrate that the mineralization belts were formed through a 
continuous fractional crystallization of magma, with the 
gradual enrichments of volatile components and incompatible 
elements, including Ta, Nb, Li, Rb, and Cs, in the residual 
granitic magma. The late hydrothermal fluid exsolved from the 
granitic magma led to greisenization at the top parts of 
Yanshan granite body. 

 
[1] Lin (1996) Geological Publishing House (in Chinese). [2] 
Li, Zhu, Rao & Jin (2004) Science in China Ser. D, 47: 639-
650. 
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A method using multiple-collector inductively coupled 

plasma mass spectrometry (MC-ICPMS) for high-precision 
measurement of Mo isotopic compositions in geological 
samples has been developed. Purification of Mo for isotope 
ratio measurements was realized by ion exchange 
chromatography using the Bio-Rad AG® 1-X8 anion exchange 
resin. This procedure separates Mo from matrix elements (Fe, 
Mg, K, Na, Ca, Al, Cu, Sr, Mn, Ti and Zr) effectively. 
Instrumental mass bias was calibrated by double spiking. The 
external standard reproducibility of double spiking (δ98/95Mo) is 
0.08‰ (at 95% confidence). NIST 3134 (Lot No. 891307) Mo 
standard solution was employed as the in-house standard for 
measurement of Mo isotope ratios. Mo isotopic compositions 
of 6 geochemical reference materials from the CANMET 
Mining and Mineral Sciences Laboratories and the United 
States Geological Survey (USGS), including HV-2 (Copper-
Molybdenum Ore), NOD-A-1 and NOD-P-1 (Manganese 
Nodule), SGR-1b and SCo-1 (Shale), and BCR-2 (Basalt) , 
were measured. δ98/95Mo of HV-2, NOD-A-1, NOD-P-1, SGR-
1b, SCo-1 and BCR-2 are -0.48‰, -0.73‰, -0.91‰, 0.38‰, -
0.50‰ and -0.01‰, respectively. Mo isotopic composition of 
NOD-P-1 of this paper are equal to the published one within 
errors. δ98/95MoSpex-NIST 3134=0.266‰ can be obtained from 
δ98/95Mo of HV-2 of this paper and the published one. The Mo 
isotopic compositions of SGR-1b, SCo-1 and BCR-2 were 
reported for the first time.  

NOD-A-1, NOD-P-1, HV-2, BCR-2, SGR-1b and SCo-1 
are commercially available, and suitable to be a control on 
quality of chromatographic separation and long-term variations 
in mass spectrometry performance. This study provides the 
necessary data for Mo isotope data comparison with different 
laboratory. 

 
[1] Goldberg T, et al 2013. J. Anal. At. Spectrom., 28, 724-735. 
[2] Greber ND, et al 2012. Geostandards and Geoanalytical 
Research, 36, 291-300. [3] Pearce CR, et al 2009. 
Geostandards and Geoanalytical Research, 33, 219- 229. 
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In the past decade, the study of the distribution of 

isoprenoid and branched glycerol dialkyl glycerol tetraether 
(GDGT) membrane lipids in sedimentary environments has 
proved to be a powerful new method to reconstruct 
paleoenvironmental change in both marine and lacustrine 
environments[1,2]. Despite several investigations of GDGT 
lipids in freshwater and saline lakes [3,4,5], there have been 
relatively few studies focussed on highly saline lake. Here we 
examine the distributions of both branched and isoprenoidal 
GDGTs preserved in lake sediments and surrounding soils of 
11 Inner Mongolian lakes ranging from 0.1 % to 23.4 % 
salinity. 

GDGTs distributions are highly variable in these saline 
lakes sediments, and both archaeal and branched GDGTs are 
present in all samples but in varying concentrations. In general, 
archaeal iGDGTs dominate over bacterial bGDGTs. In the lake 
with the highest salinity (23.4%), concentrations of iGDGTs 
and bGDGTs are lower than in other saline lakes, whereas the 
highest concentration of archaeol occurs here. In fact, the  
concentration of archaeol exceeds the concentration of the 
summed GDGT lipids. The distributions of GDGTs in the 
surrounding soils are less variable than in the lake sediments, 
but the predominance of iGDGTs over bGDGTs also occurs in 
these alkaline soils. We compare the distribution of GDGTs in 
lake sediments and surrounding soils to investigate the source 
of bGDGTs in the former (i.e. autochthonous vs. 
allochthonous). The distributions are similar, suggesting that 
the bGDGTs in these lake sediments are derived from the 
surrounding soils – this is expected because these are small 
shallow lakes. 
 
[1]Schouten et al (2002) EPSL, 204, 265-274. [2] Xie et al, 
(2012) Geology, 40, 291-294. [3] Blaga et al, (2010) OG, 41, 
1225-1234. [4] Tyler et al, (2010) JGR, 115, G01015 [5] Wang 
et al, (2012) 47, 78-87. 
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Datong basin is an inland sedimentary basin evolved from 
a fossil lake, and groundwater is the primary water source of 
potable water and industry. However, elevated arsenic, fluoride 
and iodine concentrations are found in the groundwater from 
Datong basin, the spatial distribution of which have been 
widely reported by our previous studies. Stable isotopes 
including hydrogen, oxygen and strontium isotopes as natural 
tracers have been proven to be very useful tools to identify 
groundwater recharge and mixing processes. In this study, δ2H 
and δ18O were measured in 28 groundwater samples and 2 
reservoir water samples with the ranges of -51.4～-90.2 ‰ and 
-6.1～-12.3 ‰, respectively. δ2H and δ18O compositions of 
reservoir are slightly higher than that of groundwater samples. 
Moreover, since the existence of different well construction, 
δ2H and δ18O compositions of groundwater samples show 
evidently stratification that isotopic compositions of single 
layer groundwater samples (-74～-90.2 ‰ and -9.8～-12.3 ‰) 
are lighter than that of mixing groundwater samples (-51.4～-
76 ‰ and -6.1～-10.1 ‰). It suggests that some extra sources 
are contributed to the mixing groundwater, for instance the 
upstream reservoir water and/or irrigation water. Strontium 
isotope was measured in 26 groundwater samples and 2 
reservoir water samples with the 87Sr/86Sr ranges from 
0.7087217 to 0.7215510, the characteristics of which clearly 
shows the several groundwater flowpaths in the Datong basin. 
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The development of Marcellus shale gas has signficantly 
changed the energy landscape while drawn much public 
attention to potential environmental impacts. Here we develop 
a reactive transport model for shale–water interactions based 
on weathering data [1]. The model provides a powerful tool to 
reproduce the history of soil formation and to unravel key 
controls on shale weathering. With extension to relevant 
conditions, this model could be used to forecast reactions and 
evolution of mineralogical and hydrological properties during 
gas production at depth. Such prediction will be important for 
planning water management and addressing questions of 
societal significance.  

The model was developed using the code CrunchFlow 
starting from measured parent rock composition and by 
matching soil and water composition profiles over 1.2 meter 
depth. Results show that the shale went through several major  
stages. Fast oxidative pyrite dissolution started first and was 
characterized by a quick loss of sulfur and precipitation of iron 
hydroxide, with porefluid pH around 5. This stage lasted for 
about 500 years while porosity increased from the original 5% 
to 15%. This was followed by stages lasting about 9,500 years 
that are dominated by chlorite and illite dissolution at much 
slower rates, continuously increasing the porosity from 15% to 
about 30% - 40%. Vermiculite precipitated along with the loss 
of Al, K, and Mg.  

Parameter analysis shows that even small amounts of 
pyrite can produce sufficiently low pH conditions that can 
accelerate dissolution for a porosity increase. As such, porosity 
evolution is surprisingly not sensitive to the initial pyrite 
abundance (varied from 0.5 to 5%). The presence of CO2 gas 
in the pore space was important in matching the observed low 
soil pH and weathering profile. Both solid and aqueous phases 
were sensitive to the porefluid flow velocity. Values of surface 
area have to be reduced by 2 orders of magnitude from  
measured BET values in order to match the data, suggesting 
much lower rock-fluid contact area that is effectively 
dissolving [2].  
[1] Jin et al (2013) Chem Geol 356, 50-63. [2] Li et al (2014) 
Geochim. Cosmochim Acta, 126, 555-573.  
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We use column experiments and reactive transport 
modelling to understand and quantify the effects of magnesite 
spatial distribution on its dissolution rate under different 
conditions of flow velocity and permeability contrast [1,2]. 
Columns of 10 cm length were packed with magnesite and 
quartz sand distributed in different spatial patterns but with the 
same magnesite weight percentage (10%). The “Mixed” 
column contained a uniformly-distributed mixture of 
magnesite and quartz. In the “zoned” columns, magnesite 
grains were distributed in 3, 2, or 1 cylindrical zones within the 
sand matrix (“Three-zone”, “Two-zone”, and “One-zone” 
columns, respectively). Zones were oriented in the direction 
parallel to (flow-parallel) or transverse to (flow-transverse) the 
main flow direction. A total of 86 flow-through experiments 
were conducted.  

The rates varied by more than 4 orders of magnitude under 
the tested conditions even though the amount of magnesite in 
each column was the same. Under sufficiently low flow 
velocities (0.015 to 0.4 m/d), the columns reach equilibrium 
and the spatial patterns have no effect on dissolution rates. 
Under higher flow velocities (0.4 to 18 m/d), the Mixed 
column has the highest dissolution rate among columns. The 
rates from the flow-transverse columns are lower but close to 
those from the Mixed column, with the largest difference being 
15%. The rates from the flow-parallel columns can be lower 
than those from the Mixed column by a factor of 2 to 6. The 
largest difference occurred under the highest flow velocity of 
18 m/d when the permeability of the magnesite zone is more 
than one order of magnitude lower than that of the sand zone. 
Under this condition, the mass transport between the magnesite 
and sand zone is limited by the significant difference in 
permeability. The rates do not relate well to the total magnesite 
surface area because they are the same in all columns. Instead, 
the rates correlate linearly with the effective surface area Ae, 
defined here as the surface area of magnesite grains 
surrounded by fluids with IAP/Keq values lower than 0.1.   

 
[1] Salehikhoo et al (2013) Geochim Cosmochim Acta, 108, 91 
– 106. [2] Li et al (2014) Geochim. Cosmochim Acta, 126, 
555-573. 
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Modern nitrogen (N) fixation from Earth’s surface 

reservoirs (e.g., the atmosphere and hydrosphere) to 
lithosphere is primarily mediated by biological processes. 
However, in the early Earth where biological activity was 
absent or limited, abiotic N reduction in hydrothermal systems 
is thought to be a key process to transform atmospheric N2 and 
NOx to ammonium, an essential nutrient to support the 
emergence of life and also a form that can be incorporated into 
rocks. Surprisingly, evidence for abiotic N reduction in the 
rock record has not been clearly recognized.  

In contrast to biological vestige in the early Earth records 
that can be easily altered by secondary processes, such as 
metamorphism under elevated temperature and pressure 
conditions, abiotic/geological signatures embedded in minerals 
can better survive metamorphic overprinting. 

In this study, we reported anomalously low N isotope 
compositions (δ15N values as low as -15.8‰) of mica samples 
in ultrahigh-pressure metamorphic rocks from the Donghai 
area in the Sulu orogenic belt, eastern China. Compared to 
mica samples with typical crustal δ15N values in similar 
metamorphic rocks from the western Dabie orogen, the 15N-
depleted mica samples from the Sulu orogen are characterized 
by significant N enrichment and extreme 18O depletion. These 
features can be best explained by assimilation of N from a 
source characterized by extremely low δ15N values (less than ~ 
-16‰). The extremely low δ15N value would be produced by 
abiotic N reduction during reaction of a meteoric-hydrothermal 
fluid with crustal rocks before the continental subduction. This 
observation provides a new clue to the occurrence of abiotic N 
reduction in continental supracrustal rocks, additional to the 
highly reduced rocks in the oceanic crust (e.g., peridotite and 
basalt). The abiotic N reduction process would have been 
widepread on the early Earth and provided a steady reduced N 
source for the origin of life. 
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Seismic tomography has revealed two, large low shear-

velocity provinces (LLSVPs) in the lowermost mantle beneath 
the central Pacific and Africa. These LLSVPs have been 
hypothesized to be caused by the presence of large-scale 
compositional reservoirs. Seismic studies have also detected 
much smaller-scale ultra-low velocity zones (ULVZs) in the 
lowermost tens of kilometers of the mantle, on the core mantle 
boundary. However, the origin of ULVZs is still controversial, 
and it is unclear whether ULVZs are caused by partial melting 
within hottest regions of LLSVPs, or whether they are caused 
by chemical heterogeneities that are compositionally distinct 
from LLSVPs. 

Here, we perform high-resolution, 3D thermochemical 
calculations to investigate the morphology and distribution of 
ULVZs and the interaction between LLSVPs and ULVZs. We 
find that if ULVZs have different composition than LLSVPs, 
they will preferentially accumulate into discontinuous patches 
with variable size and shape along the edges of LLSVPs 
(although some may be temporarily located within the central 
regions of LLSVPs). However, if ULVZs are instead caused 
by partial melting within the hottest regions of the LLSVPs, 
they would be located inboard of LLSVP margins, where 
temperature is highest. Our results thus suggest that ULVZs 
along the edges of LLSVPs are caused by chemical 
heterogeneity, while ULVZs located inboard of LLSVP 
margins may be better explained by partial melting of LLSVP 
material. 
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Ca isotopic compositions have been widely used in 

geochemical, archaeological and human health studies [1-3]. 
However, there is no comprehensive understanding of the 
physiological vs. environmental controls on Ca isotope 
fractionation in different vertebrate tissues. 

We report Ca isotopic measurements using an IsotopX 
PhoeniX-62 TIMS, equipped with a 1010Ω resistor for 40Ca. 
Loading Ca using a Ta-emitter with Parafilm dams on single 
Re filaments minimizes sample spread to <1 mm, and reduces 
the in-run fractionation on 40Ca/44Ca (measured) to 0.7%. The 
loading blank is < 1ng. Approximately 20 V (2 nA) of 40Ca can 
be obtained with 2 μg Ca, and an internal 2se of 0.04‰ on 
40Ca/44Ca (normalized) achieved. The internally normalized 
40Ca/44Ca ratio (to 42Ca/44Ca = 0.31221) of carbonate standards 
915b and HPS has an average of 47.159 ± 0.01 (n = 40), 
comparable to the analytical error of the most recently 
published Ca isotopic data by TIMS [4]. A 42Ca-48Ca double 
spike (DS) is used to correct the measured ratios. 

Our enamel microsamples are micromilled along the 
enamel-dentine-junction (EDJ) from a 150 × 150 µm square in 
200 µm thick sections of modern and archaeological human 
teeth. This allows ~5 µg of apatite (~2 µg Ca) to be reliably 
extracted. Micromilling was performed within a drop of de-
ionized H2O, confined to a 4 mm2 hole by parafilm covering 
the sample surface during milling. The sample slurry is 
transferred to microtubes, dissolved in 2% HNO3 and analyzed 
for its Ca-isotope composition without further ion exchange 
chromatography. Profiles of δ44/40Ca along the EDJ of modern 
and fossil teeth will be presented. Variations in δ44/40Ca  of 
modern individuals with known dietary history, together with 
trace element ratios, will refine our understanding of the 
physiological effects on Ca isotope fractionation, such as Ca 
metabolism, Ca utilization efficiency, or dietary stress, which 
will then help us reliably interpret the environmental signals 
from δ44/40Ca profiles in fossil teeth. 
 
[1] J. Skulan et al, GCA, 1997, 61, 2505-2510. [2] A. Heuser et 
al, GCA, 2011, 75, 3419-3433. [3] S. Huang etal., GCA, 2012, 
77, 252-265. [4] L.M. Reynard et al, GCA, 2010, 74, 3735-
3750. 
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The Molybdenum (Mo) isotopic fractionation has been 

applied successfully as a redox proxy in marine environments. 
Mo occurs as Mo (VI) anion molybdate, MoO4

2-, in seawater 
and Mo4-xSx in marine sediments. The latter species were 
converted from MoO4

2-, MoS4
2- and finally to form other 

sulfides. The Mo isotopic composition  (δ98/95Mo) in seawater 
is ~2‰ heavier than of ferromanganese crusts or nodules, as a 
function of redox states. This application, however, is 
restricted by an incomplete understanding of Mo isotopic 
fractionation behaviors during key biogeochemical processes 
in nature. 

This study aims to further explore the Mo isotopic 
fractionation in seawater-like matrix during ferrite oxide 
nanoparticles adsorption processes. Two batches 
adsorption/desorption experiments were conducted: (a)  the 
sorbent dosage experiment and (b) the solution pH experiment. 
Various Mo isotopic fractionation factors were determined at 
different pH conditions, pH 3 ~ 10  at 25℃. These new results 
assist us to gain a better understanding of Mo sorption 
fractionation, as well as for other similar metals in 
environments. 
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Granites widespread throughout the Great Xing’an 

Mountains of northeast China formed during the Late Triassic 
and were emplaced some 30–40 Ma after the closure of the 
paleo-Asian ocean. These granites are I- and A-types, are 
peraluminous and high-K calc-alkaline, and define a trend 
through various tectonic setting fields in geochemical 
discrimination diagrams. This suggests that they formed during 
transition from compressional tectonism to a stable or 
extensional intraplate setting, although in fact these granites 
formed in post-orogenic to post-collisional tectonic settings. 

Upper Triassic sediments in the Great Xing’an Mountains 
of NE China record an upward-fining depositional sequence 
that includes late-stage volcanic sediments. The basal part of 
the sequence consists of a proximally-derived molasse 
formation that is dominated by coarse clastic sediments that 
were deposited in a continental environment. These lower 
sediments record quick deposition of locally derived coarse 
material, have a high sandstone to gravel ratio, and are 
relatively immature. In contrast, the upper sediments within the 
sequence are fine grained, indicative of deposition in a stable 
depositional environment. These upper sediments plot in the 
stable craton field of a F–Qm–Lt diagram,  whereas the lower 
coarser sediments plot in the transitional continental field. 
Furthermore, the upper sediments contain Late Triassic 
fossilized plants that are similar to flora found within 
contemporaneous sediments elsewhere in NE China. This is 
consistent with other evidence that suggests that orogenesis has 
ceased by the Late Triassic, leading to tectonic stability in the 
Great Xing’an Mountains. 

This work was financially supported by the National 
Natural Science Foundation of China (Grants 41340024, 
41272223). 
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High precision accelerator 14C dating of carbide from 
volcanic rocks in the central Greater Xing’an Mountains of NE 
China yielded a late Pleistocene ages of 41925 ± 340 a BP 
using a 14C half-life of 5568 a BP and with dating results 
calculated from 1950. These volcanics consist of dense and 
massive olivine basalts with olivine phenocrysts and an 
intergranular textured matrix containing fine-grained 
clinopyroxene, magnetite, and tabular plagioclase. These rocks 
are geochemically similar to ocean island basalts (OIB), with 
(La/Sm)N>1, with LILE, HFSE, LREE and MREE enrichments 
and HREE depletions when compared to MORB, and with 
positive Nb, negative Rb, and negligible Eu 
anomalies(Compare with primitive Mantle).  

Mantle xenoliths from OIBs in the study area suggest that 
the magmas that formed these rocks ascended quickly and did 
not assimilate any crustal material, a hypothesis that is 
supported by linear correlations between SiO2 and MgO, La, 
Th, and U concentrations. Highly incompatible element ratios 
are generally preserved during fractional crystallization and 
partial melting, and as such can be used to identify the tectonic 
setting of magmatism. OIBs have Nb/U ratios of 47 ± 10, 
consistent with the average value of 48.42 for the basalts in the 
study area, suggesting that these values can be used to identify 
the source of the magmas that formed the volcanic rocks in the 
study area. 

The geological and geochemical features of the Cenozoic 
volcanic rocks in the study area suggest that these rocks 
formed from OIB-type mantle-derived intraplate basaltic 
magmas that quickly ascended from the mantle along a 
channel formed by reactivation of a deep fault in an 
extensional- and decompression melting-dominated tectonic 
regime. These magmas did not assimilate crustal material and 
did not fractionate plagioclase, although some fractional 
crystallization of olivine and clinopyroxene occurred during 
magma ascent. 

This work was financially supported by the National 
Natural Science Foundation of China (Grants 41340024, 
41272223). 
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Electromicrobiological Approaches for Enriching Sulfate 
Reducing Bacteria (SRB) 

Cultivating SRB is one of the truly difficult tasks in 
microbiology [1,2]. We tried to oxidze H2S generated via 
sulfate reduction at the anode, and thus remove the inhibitor. 
The use of differential pulse voltammetry (DPV) revealed that 
the sulfide started to be oxidized from −200 mV vs. Ag/AgCl, 
and non-ionized sulfide is relatively difficult to be oxidized by 
the electrode. Our goal is to simply constantly remove the 
sulfide electrochemically to facilitate the growth of the SRB 
from the coastal sediments. It could be evidenced by analyzing 
current/sulfate profiles (Fig. 2) and microbial communities 
changes. 

  

Figure 1: DP voltammogram of sulfide oxidation at different 
pHs.  

Figure 2: Changes of current and sulfate concentration at 
different poised potentials 
 
[1] Madigan et al, (2003) Pearson Education, Inc. [2] Widdel 
(1983) Arch Microbiol 134, 282-285. 
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Weathering is an impotrant geochemical process which 

links lithosphere, hydrosphere, atmosphere and biosphere. 
knowledge on isotope fractionation during weathing is crucial 
in using  isotopes to trace element cycling during this 
important process. Cu is an element of particular biological 
and environmental interests. However no investigation on Cu 
is tiopoe fractionation during weathering has been reported so 
far.  

A laterite profile produced from basalt weathering in 
Huguangyan district Zhanjiang city, Guangdong province was 
chosen for Cu isotope study. Soil sample were collected from 
0(topsoil) to -7m(bedrock) depth downward. Cu isotope 
compositions were measured using Nu Plasma HR MC-
ICPMS after digestion and chemical purification.  
Theδ65Cu values obtained from the profile show a general 

increase with the degree of weathering, withδ65Cu value of -
0.25‰ for the bed rock basalt, increased to  0.21‰ for laterite 
near the top. However, the Cu isotope composition of top-most 
samples became lighter. 

This observation shows that light isotope of copper  is 
preferentially leached during chemical wethering. The light 
isotope enrichment of the top-most samples may be explained 
by  effects of vegatation. As plants favors light Cu isotope, 
recycling of the the plant materials into the soil causes 
decrease in δ65Cu values. 

The results presented above shows that Cu isotope 
composition of laterites can be a index of the degree of 
weathering, but effect of plant on Cu isotope fractionation in  
topsoil of the weathered crust should also be considered.  
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Mixed sedimentary rock is the rock composed of 

terrigenious clastics and carbonate components under mixed 
sedimentation. In a broad sense,it also includes the spatially 
alternating layers or intercalations of  terrigenious clastic and 
carbonate components.Early studies mainly involve theoretical 
aspects.In recent years,significant breakthroughs on tight oil 
have been achieved in the mixed sedimentary reservoir of 
Williston basin and Junggar basin，making the mixed 
sedimentary reservoir body attractive.By comparing the mixed 
sedimentary reservoir scattering in different 
basins,characteristics of distribution,lithology,physical 
properties,and pore space types of this reservoir are 
illustrated.There are some methods applicable to the study of 
this reservoir and also some discussions about the future 
research prospects,all of which could help further understand 
tight oil&gas reservoir in our country. 
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A combined study of zirconology and petrology was 

carried out for UHP metagranite from the Sulu orogen. The 
results reveal differential behaviors of dehydration and 
anatexis between samples from the same UHP slice. One 
mantle domain in sample-I zircon records eclogite-facies 
dehydration metamorphism at 236±5Ma during subduction, 
exhibiting low trace element contents, steep REE patterns 
without Eu anomalies, low temperatures of 651-750°C, and 
inclusions of quartz, apatite and jadite. The other mantle 
domain in sample-I zircon records high-T anatexis at 223±3Ma 
during exhumation, showing high trace element contents, 
steeper REE patterns with marked negative Eu anomalies, high 
temperatures of 698-879°C, and multiphase solid inclusions of 
albite+muscovite+apatite. On the other hand, one mantle 
domains in sample-II zircon records limited fluid-fluxed 
anatexis at 237±3Ma during subduction, showing high trace 
element contents, steep REE patterns with marked negative Eu 
anomalies, high temperatures of 601-717°C, and multiphase 
inclusions of albite+muscovite+apatite+ hydrohalite. The other 
mantle domain in sample-II zircon records low-T dehydration 
throughout the continental collision, exhibiting low trace 
element contents, steep REE patterns with weak Eu anomalies, 
low temperatures of 524-669°C, and anhydrite+gas inclusions.  

Garnet, phengite and allanite/epidote in these two samples 
also exhibit different variations in texture, and major and trace 
element compositions, in accordance with the zircon records. 
The two samples have similar whole-rock major and trace 
element compositions, suggesting that the differential 
behaviors of dehydration and anatexis between them are 
caused by the difference in geothermal gradients during 
subduction and exhumation. Sample-I would locate in the 
interior of a crustal slice and experienced mid-T HP to UHP 
eclogite-facies dehydration metamorphism during subduction 
and then high-T dehydration melting during exhumation. In 
contrast, sample-II would lie at the top of the slice that is prone 
to fluid focus and thus experienced protracted low-T 
dehydration metamorphism and limited fluid-fluxed anatexis 
when the subducted slice meets the wet solidus of granitic 
rocks, and finally decompression exhumation. Therefore, the 
subducting continental crust underwent variable extents of 
dehydration and anatexis in response to the change in 
subduction-zone P-T conditions. 
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Dolomite is a common Mg-bearing mineral in carbonate 
rock.  Variations in Mg isotope ratios in dolomite are 
potentially useful indicators for processes such as diagnesis 
and dolomitization. Magnesium isotope fractionation factors 
between dolomite and aqueous solution (Δ26Mgdolo-aq) have 
been predicted using ab initial caculations in two studies [1,2], 
but the calculated Δ26Mgdolo-aq values do not agree in the two 
studie, with one predicting positive Δ26Mgdolo-aq fractionation [1] 
and the other predicting negative Δ26Mgdolo-aq fractionation [2]. 
No experimental data have been reported for Δ26Mgdolo-aq.  

Here, we report preliminary results on Mg isotope 
fractionation between dolomite and aqueous Mg2+. Dolomite 
was synthesized at hydrothermal conditions by reacting 
aragonite with a solution that contains 1M MgCl2 and 1M 
CaCl2. For experiments at 160 °C, aragonite was completely 
coverted to dolomite after 19 days, although XRD analyses 
reveal that the crystallinity of the synthesized dolomite 
continued to increase with reaction time. For experiments at  
220 °C, aragonite disappeared and dolomite formed after 17 
hours.  

The measured Δ26Mgdolo-aq fractionation at 160 °C is -
0.11±0.12 ‰ for the experiment that lasted for 19 days. For 
experiments with durations of 26 and 39 days, the Δ26Mgdolo-aq 
fractionation decreased and stablized at around -0.7 ‰. The 
measured Δ26Mgdolo-aq fractionation for experiment at 220 °C is 
-0.46±0.05 ‰, consistent with the general rule that the 
magnitude of stable isotope fractionation decreases as 
temperature increases. The measured Δ26Mgdolo-aq fractionations 
are lower than those predicted by Rustad et al [1], but higher 
than those predicted by Schauble et al [2]. Athough more work 
is needed to access kinetic isotope effects versus equilibrium 
fractionation, the preliminary results imply that light Mg 
isotopes preferentially partition into dolomite relative to 
aqueous Mg2+.  
 
[1] Rustad et al (2010) GCA 74, 6301-6323. [2] Schauble 
(2011) GCA 75, 844-869. 
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Fission tracks (FTs), damage trails caused by the 

spontaneous fission of 238U in minerals, are extensively used to 
determine the thermal history of rocks from the upper part of 
Earth's crust. In the absence of actual observations of the 
atomic-scale process of latent, unetched FTs, FT 
thermochornology is essentially based on purely empirical fits 
to annealing data of FTs revealed by chemical etching. As a 
result, the track-annealing kinetics in apatite and zircon, the 
minerals most often used for FT thermochronology, has been 
considered to control by the same mechanism, essentially 
epitaxial recrystallization. In this work, we studied both 
randomly orientated neutron-induced FTs and parallel ion 
tracks created by the irradiations of GeV ions (e.g., 2.2 GeV 
Au ions) or fission fragments (e.g., 80 MeV Xe ions) by using 
transmission electron microscopy (TEM). The very different 
thermal annealing behavior of unetched FTs in zircon and 
apatite, as directly observed by in situ TEM,[1] is a direct 
result of differences in the internal structure of the track — the 
amorphous domain in zircon vs. the low atomic density void in 
apatite.[2] We also used a novel microtome-cutting sample-
preparation technique that allows the investigation of the entire 
length of unetched FTs in apatite by TEM.[3] High-resolution 
analysis was performed to show how crystallographic 
orientation affects track shape as well as radius at the atomic-
scale.[4] 
 
[1].W. Li, L. Wang, M. Lang, C. Trautmann, and R. Ewing, 
Earth Planet. Sci. Lett., 302, 227-235 (2011). [2].W.  Li, L. M. 
Wang, K. Sun, M. Lang, C. Trautmann, and  R.C. Ewing, 
Phys. Rev. B, 82, 144109 (2010). [3].W.  Li, M. Lang, A.  
Gleadow,  M.  Zdorovets, and R. Ewing, Earth Planet. Sci. 
Lett., 321–322, 121-127, (2012). [4].W.  Li, P. Kluth, D. 
Schauries, M. Lang, F.  Zhang, M. Zdorovets, C. Trautmann, 
and R. C. Ewing, Am. Mineral. (accepted), 
http://dx.doi.org/10.2138/am.2014.4669, (2014). 
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Baddeleyite is the most important mineral for dating 

crystallization of Si-undersaturated igenous rocks by U-Pb 
method. Due to crystal orientation effects that bias SIMS Pb/U 
measurement, baddeleyite can only be dated by SIMS Pb/Pb 
measurement which is difficult to date Phanerozoic ones. In 
addition, SIMS dating at a <5 μm scale has been a challenge to 
the geoscience community. Using the large radius magnetic 
sector Cameca 1280 SIMS, we performed a series of Pb/Pb 
measurements on baddeleyites using the multi-collector mode. 
Oxygen flooding to the sample chamber enhances Pb+ 
sensitivity by a factor of seven. The secondary ion yields of 
each EMs were calibrated using a constant Zr2O+ signal 
relative to the axial EM, and further fine-tuned against 
repeated Pb/Pb measurements of Phalaborwa baddeleyite 
standard. This multi-collector SIMS technique can date 
baddeleyite as young  as ~200 Ma with ~1% precision. In 
addition, we found that the oxygen flooding used in Cameca 
1280 SIMS can significantly depress the U-Pb orientation 
effect down to 2-3%, making SIMS U-Pb dating available for 
Cenozoic baddeleyite with precision better than 3%. A focused 
Gaussian mode primary O2

– probe of <5 μm in diameter, with 
beam intensities of ~100 pA, can be obtained by optimizing the 
primary column. Secondary ion optics was optimized to ensure 
a high Pb+ sensitivity, producing >24 cps/ppm/nA using O2

– 
probe for baddeleyite (with oxygen flooding). Baddeleyites can 
be successfully dated with 1-5% precision using a primary 
beam spot of <5μm.  
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Huang et al (2010) found that Fe, Ca and Mg isotope 

fractionations of high-temperature silicate melts are only 
associated with the temperature gradients in thermal diffusion 
processes and are independent of compositions and mean 
temperatures [1]. Richter et al (2010) doubted that the existing 
data are sufficient to obtain such conclusion [2]. A few 
theoretical models have been proposed for explaining isotopic 
fractionations in these processes under high temperatures [3, 4]. 
However, molecular-level mechanisms and theoretical 
treatments of these processes are still under debating.  

Here we provide a unified theory based on the local 
thermodynamic equilibrium treatment (LTE) of statistical 
mechanics for evaluating isotopic fractionations under thermal 
gradients. Our theory can be used to high- or low-temperature 
situations instead of only under high-temperatures.  

Under high temperatures, our theory however can be 
reasonably approximated to this equation: 

 

 
where A and B are constants which are related to specific 

isotope systems and chemical compositions of silicate melts.   
If the thermal gradient is not very large and the mean 

temperature is high, the second part of the above equation can 
be safely neglected and obtain an extremely simple equation 
which is linearly dependend on temperatures, agreeing with 
what Huang et al (2010) concluded.  

Based on this terse equation, we can not only easily 
provide isotope fractionation data for almost all kinds of 
isotope systems, but also can provide the mechanisms of 
isotope fractionation in thermal diffussion processes.  
 
[1] Huang et al (2010) Nature 464, 396-400. [2] Richter et al 
(2010) Nature 472, E1-E1. [3] Dominguez et al (2011) Nature 
473, 70-73. [4] Lacks et al (2012) Phys. Rev. Lett. 108, 
065901. 
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A large quantity of liquid hydrocarbons were still retained 

in the source rocks after hydrocarbon expulsion period, and 
these hydrocarbons might evolve further through deep burial 
with the strata under the control of some tectonic events, and 
their gas-generating potential and accumulation significance 
has attracted lots of scholars' attention espesically since the 
exploration of shale gas which proves that the detained 
hydrocarbons in source rocks can crack into gas at high 
maturity stage to form commercial gas pools. This study is 
focusing on the quantity of liquid hydrocarbons detained in 
source rocks. 

The results of thermal simulation experiments of source 
rocks showed that the expulsion efficiency of oil from source 
rocks was mainly 40% to 60%. To further verify the reliability 
of the previous results and to determine the quantity of retained 
hydrocarbons in the source rocks, thousands of source rocks 
pyrolysis data from different basins were analyzed using S1 
represents the quantity of retained hydrocarbons 
approximately. The samples were sellected from the Mesozoic 
lacustrine source rocks in the Songliao Basin, the Upper 
Paleozoic marine source rocks in Sichuan Basin, the Mesozoic 
lacustrine source rocks and Lower Paleozoic marine source 
rocks in the Ordos Basin and the Cenozoic marine and 
lacustrine source rocks in the East China Sea and Pearl River 
Mouth basins. The results indicated that S1 showed enrichment 
peak values in the liquid-window stage, which proved that the 
source rocks still retained a large quantity of liquid 
hydrocarbons after the expulsion of hydrocarbons. In addition, 
the statistical interval for the quantitative analysis of detained 
hydrocarbons was suggested to set in the liquid-window stage 
for the reason that it was not only the massive generation 
period but also the massive expulsion period of liquid 
hydrocarbons. After that, the quantity of liquid hydrocarbons 
retained in source rocks would decreased rapidly due to 
cracking into gas in the high-post maturity stage, thus these 
data with high maturity is unsuitable to be included in the 
quantification. 
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Iron-based materials have attracted special interest among 
environmental researchers owing to their natural abundance, 
low toxicity, and important roles in mediating catalyic redox 
transformation of aqueous contaminants. Extensive studies 
have been conducted to understand reactions catalyzed by 
single-phase iron oxides; however, the reactivity of surface-
anchored iron species on prevalent mineral colloids, such as 
amorphous or crystalline silica and aluminum oxides, is not 
well understood. In this study, we sought to understand the 
fundamental relationship between the surface chemistry of 
Fe(III)-impregnated silica and alumina surfaces and their 
catalytic  activity in activating environmental oxidants such as 
dissolved oxygen and hydrogen peroxide. Specifically, we 
employed surface analysis techniques such as high-resolution 
X-ray electron spectroscopy (HR-XPS), atomic force 
microscope (AFM) and diffuse-reflectance UV-Vis 
spectroscopy to comprehensively characterize the surface 
coverage, nature of surface precipitation, and molecular 
structures of Fe(III) anchored on micron and nanometer-scale 
silica and alumina particles. In conjuction with these surface 
analyses, we conducted aqueous potentiometric titrations and 
batch adsorption experiments to characterize surface charge 
properties of different mineral particles under varying solution 
conditions. The catalytic activity of these Fe(III)-amended 
particles was evaluated in batch reactions using phenol or 
benzoic acid as probe compounds in the presence of H2O2. The 
findings we obtained thus far suggest that the catalytic activity 
of the particles correlates more strongly with the molecular 
arrangement and interfacial dispersion of Fe(III) than with the 
surface mass loadings of Fe(III). These surface chemistry 
characteristics are influencedly by the nature of the mineral 
particles as well as the solution conditions during Fe(III) 
deposition. Results discussed here will generate new insights 
into contaminant transformation on surfaces of mineral 
particles in the natural aquatic environemnts or engineering 
(e.g. drinking water treatment) systems.    
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The Cretaceous plutonic suites along the Fujian coast of 

China include abundant I-type and A-type granitoids and lesser 
gabbroids, which define a linear NNE–SSW-trending belt of 
magmatism, and are important for understanding the 
development and evolution of the Late Yanshanian orogeny in 
southeastern China. 

Geochronological data from thirty Cretaceous mafic and 
felsic plutons indicates their emplacement mainly from around 
125 to 90 Ma, with a major peak from 115 to 90 Ma, and a 
subordinate peak from 125 to 115 Ma. Besides their temporal 
and spatial coexistence, all these intrusive rocks have similar 
geochemical patterns which point to involvement of 
components from a depleted asthenospheric mantle source for 
the parental magmas, most probably by magma mixing. 

The first appearance of sparse I-type granitoids with post-
collisional extensional granite affinities, and the Baijuhuajian 
and Suzhou A-type granites, mark the beginning of extension 
during the Early Cretaceous at ca. 125 to 119 Ma. The 
subsequent development of bimodal magmatism, with 
numerous arc-related mafic gabbros and I-type granites, 
together with some A-type granites, suggests a major igneous 
event took place in the area from 115 to 90 Ma in response to 
back-arc extension.  

On the basis of petrology, geochronology, tectonics, and 
elemental and isotopic geochemistry, we speculate that break-
off and rollback of the subducting Palaeo-Pacific Plate during 
the Cretaceous were responsible for the Late Yanshanian 
regional tectono-magmatic evolution in the area. We suggest 
that this process facilitated a strong and rapid linear upwelling 
of the asthenospheric mantle beneath the coastal area of 
southeastern China, with consequential extension of the 
overlying continental lithosphere, and ultimately the large-
scale Late Yanshanian magmatism of the study area. 
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The mineral, bioapatite, is a form of carbonated 
hydroxylapatite, which makes up over 50 wt.% of bone. 
However, normal bone contains much collagen, which is 
interlaced with mineral crystallites at the nanometer and 
micrometer scale, making the study of bioapatite very difficult. 
Hypermineralized bone with extremely high mineral contents 
(>80 wt.%) fortunately allows the application of many 
analytical techniques to investigate the mineralogy of 
bioapatite with very little interference from collagen.        

        The hypermineralized whale rostrum was used to 
investigate the chemistry of bioapatite. Electron microprobe 
analyses of the rostrum’s bioapatite show an average CO3

2-
 of 

~8 wt% and an average Ca/P atomic ratio of 1.7. It shows a 
homogenous distribution of the mineral content, except around 
a few vascular holes and vessels. Hydroxyl depletion in the 
bioapatite is coupled with carbonate substitution and Ca can be 
substituted by Na and Mg in mineralization. Bulk analysis by 
X-ray fluorescence shows that the bioapatite in the rostrum has 
an average composition of  

(Ca8.40Mg0.20Na0.54)[(PO4)4.87(CO3)1.13](OH)0.87.  
 
Compared to human tooth enamel, heterogeneity occurs in 

the chemistry and mechanical properties of the rostrum: the 
mineral prisms in enamel show extreme homogeneity of 
orientation, i.e., c axis of the crystals parallel the longitudinal 
direction, whereas there is some amount of variation in 
orientation in the crystals of the rostrum. In biomedical tests, 
the bioapatite in the rostrum also shows higher deviations in 
indentation depth than the enamel. 

The mineralogical changes in bioapatite were investigated 
using dolphins’ bullae. During aging, the abundant pores in the 
edge areas become filled with densely mineralized tissue 
whereas organic matter is reduced. These changes yield greater 
homogeneity in mineral content throughout the adult bullae. 
Ca/P atomic ratios with Mg, S, and other minor/trace elements, 
otherwise, are almost constant in the central areas over time. 
Enhancement of the coupled substitutions of CO3

2- for PO4
3- 

and Na for Ca during aging yield a carbonate content up to ~10 
wt.% in the adult bulla. Remarkably, the degree of crystallinity 
of the bioapatite remains approximately constant with age 
despite the increase in carbonate contents. 
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The laser induced elemental fractionations of 58 selected 

elements in silicate glass NIST SRM 610 were investigated 
using 193 nm ArF excimer laser and 266 nm femtosecond laser 
ablation systems coupled to inductively coupled plasma mass 
spectrometry (LA-ICP-MS). The results of this study 
highlighted some special fractionation behavior for 266 nm fs-
LA-ICP-MS. Compared to 193 nm ArF excimer laser ablation 
system, the observed laser-induced elemental fractionation of 
B, P, Zn, Ga, Ge, As, Mo, Ag, Sn, Sb, W, Pb and Bi in 
NIST610 were much smaller than those obtained for 266 nm 
fs-laser ablation at the small spot size of 16 µm-32 µm. 
Contrary to those observed in 193 nm ArF excimer laser 
ablation system, the calculated elemental fractionation indexes 
for these elements were positively correlated to the crater size 
for 266 nm femtosecond laser ablation system. In addition, it 
was shown that the reduced elemental fractionation was 
obtained by applying high laser fluence at small pit or with low 
laser fluence at large crater size. The experimental data reveals 
that no-homogeneous energy distribution in the femtosecond 
laser beam may partly account for this phenomenon. The much 
less laser-induced elemental fractionation in fs-LA-ICP-MS in 
comparison with 193 nm LA-ICP-MS makes it more suitable 
for the analysis of silicate materials at a high spatial resolution. 
In this work, 58 elements in MPI-DING glasses, USGS 
basaltic reference glasses, and the synthetic NIST glasses were 
determined at a high spatial resolution of 24µm by fs-LA-ICP-
MS. Most of the determined values were found to be in 
excellent agreement with the reference values, with the relative 
error less than 10%.  
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Hydrothermal Ni systems are poorly understood due to the 
rarity of Ni occurrences or deposits reported [1]. Most of the 
hydrothermal Ni deposits[1] are adjacent to the mafic-ultramafic 
suites. The Longhua hydrothermal Ni-Co-Bi-Au deposit in the 
Jinxiu county, Guangxi Zhuang Autonomous Region, China, 
differs greatly from the hydrothermal Ni deposits reported in 
mineral assemblages and geological settings. The Longhua 
hydrothermal Ni-Co-Bi-Au deposit occurred as quartz-
mineralization veins in the fracture zone in the Cambrian 
carbonaceous mudstone and siltstone and no mafic-ultramafic 
rocks have been found in the region. The main mineralization 
vein is more than 120 m in length and about 1 m in thickness. 
The ore minerals are niccolite, cobaltite, native bismuth and 
native gold, with small amount of gersdoriffite, chalcopyrite 
and pyrite. Gangue mineral is composed of quartz, calcite, 
chlorite, sericite and chalcedony. Mineral assemblage of 
nicclite with calcedony is popular. The Longhua hydrothermal 
Ni-Co-Bi-Au deposit is characterized by very high content of 
Ni and the Ni concentration is up to 25%-27% locally, with 
Co: 0.5%-6.7%, Bi: 0.3%-3.8% and Au:0.4-2.5ppm. 
Homogeneous temperature of mineralized quartz fluid 
inclusions is less than 200°C, which is supported by much 
lower temperature mineral assemblage such as calcedony with 
niccilite. Although nickel sulfides (NiS) solubility in 
hydrothermal systems is very lower[2], the discovery of 
Longhua low temperature hydrothermal Ni deposit with rare 
sulfide suggests that Ni could be disolved in low temperature 
arsenic rich fluid and more attention shoud be paid on the 
geochemical features of Ni in low temperature fluids. The 
Longhua hydrothermal Ni deposit which has special element 
association such as Ni-Co-Bi-Au, characterized by very high 
concentraion of Ni, could be attributed to a new type of 
hydrothermal Ni deposit. 

 
This work was supported by the Chinese NSF (41372084, 

41121002, 41272099) and Bagui Scholar project. 
 
[1] González-Álvarez I et al (2013) Ore Geol Rev, 52, 1-3 [2] 
Liu et al (2012) Geochim. Cosmochim. Acta, 94, 276-290. 
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Simple recipes for evaluating time scales for diffusive re-
equilibration of a trace element in bi-mineralic aggregates with 
and without presence of intergranular fluid are obtained 
through analysis of diffusion equations. Diffusive re-
equilibration times depend on average grain sizes of the two 
minerals, diffusion coefficients and partition coefficients for 
the element in the two minerals, and volume fractions or 
volume fluxes of the minerals and fluid in the system. There 
are two time scales for diffusive re-equilibration in fluid-
bearing systems. The fast time scale is proportional to fluid 
fraction and dominated by the mineral that has a faster 
diffusion rate. The slow time scale is bounded by the time 
scales of diffusion in the two minerals and determines the 
overall time scale of re-equilibration for the system. Presence 
of small amount of fluid does not lead to a reduction in the 
time scale of diffusive re-equilibration for the bi-mineralic 
aggregate. Percolation of fluid drives the system further away 
from equilibrium and increases the length and time scales for 
diffusive re-equilibration in the system. The time scales for 
subsolidus re-equilibration in bi-mineralic aggregates are 
determined by the minor’s rule: the mineral that contains lesser 
amount of the trace element of interest in the system 
contributes more to the overall diffusive time. 

Applications to REE redistribution among major rock-
forming minerals in peridotites and eclogites highlight the 
importance of REE diffusion and partition in minerals. The 
time scales for subsolidus re-equilibration of REE in bi-
mineralic eclogites are dominated by the rates of light REE 
diffusion in garnet and by the rates of middle and heavy REE 
diffusion in clinopyroxene. The time scales for subsolidus re-
equilibration of REE in two-pyroxene bearing rocks are 
controlled primarily by the rates of REE diffusion in 
orthopyroxene. The time scales for diffusive re-equilibration of 
REE in melt-bearing two-pyroxene aggregates are determined 
by diffusion in clinopyroxene for light REE and by diffusion in 
orthopyroxene for middle to heavy REE. Presence of melt flow 
further expands the role of clinopyroxene. This contrasting 
behavior in diffusive time scale may provide a simple 
explanation for the ubiquitous chemical disequilibrium in light 
REE between clinopyroxene and orthopyroxene observed in 
mantle peridotites from a wide range of tectonic settings. 
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The Zhaxikang is a representative antimony polymetallic 

deposit in the gold-antimony mineralization belt, which is 
located in southern Tibet, China. Microscopic observation and 
microthermometric study using infrared microscopy were 
performed on fluid inclusions hosted in stibnite, sphalerite and 
quartz. 

Infrared microscopic observation shows that the fluid 
inclusions hosted in stibnite, sphalerite and quartz are mainly 
NaCl-H2O type. According to results of microthermometry, 
three main mineralization stages can be recognized, sphalerite–
galena; quartz–stibnite and brecciaous ore stages (from early to 
late). The fluid inclusions hosted in sphalerite have two ranges 
of salinity values. One is 4.702wt%-2.794wt%NaCleqv, which 
is similar to those hosted in stibnite and symbiotic quartz; the 
other is higher, between 6.374wt%-10.228wt%NaCleqv. It 
may indicate that Zn preceded Sb during mineralization. In 
addition, fluid inclusions hosted in quartz veins of brecciaous 
ores have salinities close to 0wt%NaCleqv, showing that fault 
activity may lead to the forming of these brecciaous ores after 
Zn and Sb mineralization. Together with Laser Raman analysis, 
the ore-forming fluid of the Zhaxikang antimony polymetallic 
deposit is a NaCl-H2O fluid system characterized by medium 
homogenization temperature, low salinity, low density and 
trace CO2 and CH4 gases. 

DH2O and 18OH2O of the ore-forming fluids are -146.5‰～-
165.7‰ and -2.7‰～-13.2‰ respectively, implying that the 
fluid originated from geothermal water. Along with carbon and 
sulfur isotopic compositions, the Zhaxikang antimony 
polymetallic deposit is a mesothermal type. The metallogenic 
fluid is derived from geothermal water and the ore-froming 
elements mostly come from strata. 

 
∗Supported  by the National Natural Science Foundation of 

China (No. U1302233, 40830425), Research Programme of 
SYSU (2013420003161030) 
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Recently a remarkably complete specimen of Ardipithecus 
ramidus was discovered in the Awash of Ethiopia dating to 4.4 
million years [1]. Following that discovery, the interpretation 
of the habitat in the Ardipithecus bearing formation has been 
the subject of considerable debate. Here we provide evidence 
for the northeast African regional vegetation context from the 
wind-blown plant leaf wax carbon isotope record from 
Pliocene-age Gulf of Aden marine sediments. This record 
contextualizes the fossils in a regional history of vegetation 
trends and variability over time. Leaf wax δ13C reveal a 
negative isotopic shift from 5 to 3.8 Ma spanning −24 to 
−29‰, suggesting a trend of forest expansion that stands out 
from the open vegetation that has dominated the landscape for 
the last 12 million years [2]. This high-resolution marine 
record reveals that the Pliocene forest expansion trend was 
modulated by oscillations in leaf wax δ13C on the order of 
2−6‰, perhaps equivalent to regional canopy cover ranging 
from 10−60%. The forest expansion trend follows global 
warmth, elevated greenhouse gas concentrations, and rising 
Indian Ocean sea surface temperatures. Pliocene forest 
expansion has been reported on land [3] and predicted by a 
dynamic vegetation model [4]. The wetter conditions required 
to develop substantial forest expansion in this region in 
repeated ~10,000 year pulses between 4.8 to 3.8Ma, would 
likely  have influenced the habitats and range of Ardipithecus 
and other Pliocene fauna.  

 
[1] White, et al Science (2009) 326, 75-86; [2] Feakins, et al 
Geology (2013) 41, 295-298; [3] Cerling et al (2011) Nature, 
476, 51-56; [4] Haywood and Valdes, Palaeo3 (2006) 237, 
412-427. 
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Rare microbial genes bearing similarity to genes in the 
prokaryotic reductive acetyl–coenzyme A (CoA) pathway, 
assigned hgcA and hgcB, were recently found essential for 
mercury (Hg) methylation. This discovery facilitates studies 
into microbiological and geochemical factors that control the 
production of methylmercury (MeHg) in natural environments. 
Here we examine the Hg-cell surface interactions on Hg 
uptake and methylation in the methylation-deficient mutant 
strains (ΔhgcAB) of D. desulfuricans ND132 and G. 
sulfurrenducens PCA and compared their behavior to that of 
the respective wild-type (WT) strains. Hg reactions (e.g., 
adsorption, reduction and oxidation) on cell surface were 
found to occur simultaneously in laboratory culture studies 
under anaerobic conditions, resulting in dynamic changes in 
Hg speciation and thus Hg uptake and methylation. WT PCA 
cells were capable of not only reducing Hg(II) but also 
anaerobically oxidizing Hg(0) at increasing cell to Hg ratios, 
due to cell thiol (cell-SH) induced Hg complexation. By 
varying cell-SH to Hg molar ratios from 0.014 to 1.4, we found 
that mercury methylation was positively correlated to cell 
adsorption (r = 0.96) but negatively correlated to Hg reduction 
(r = –0.87). Deletion of the hgcAB gene cluster increased the 
reduction of Hg(II) but decreased the oxidation of Hg(0) in the 
mutant cells. The ΔhgcAB mutant also exhibited a lower 
abundance of cellular thiols, and decreased adsorption and 
intracellular uptake of Hg. These results demonstrate that 
deletion of the hgcAB gene cluster not only abolishes Hg 
methylation but also causes several unforeseen alterations in 
cell physiology, which are important to further understanding 
of the uptake mechanism and the biochemical pathways of 
microbial Hg methylation in the environment. 
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The δ15N and δ18O values of nitrate were measured by the 

bacetrial denitrification method in 450 water samples 
(collected between Chicago and Peoria, October 2004 through 
October 2008) from the Illinois River and its tributaries, 
including effluent from Chicago’s largest wastewater treatment 
plant (WRP). These data, along with sample nitrate 
concentrations and USGS discharge records, were evaluated in 
terms of the influence of land use and climate on nitrate 
sources, mixing, and transformation within the Upper Illinois 
River Basin (UIRB) watershed.  δ15N and δ18O values define 
nitrate mixing trends indicating that WTP effluent and 
agricultural drainage waters are the two principal nitrate 
endmembers within the UIRB.  Nitrate flux is correlated with 
discharge.  Isotopic compositions identify the source of nitrate 
during the annual spring flushing event, when most nitrate 
export occurs from the UIRB, as being derived from excess 
fertilizer application.  Isotopic compositions of nitrate in 
tributaries draining agricultural subbasins define an apparent 
denitrification trend with increases in δ15N and δ18O values 
from spring through fall. This trend is also evident in 
tributaries having mixed urban-agricultural land use, but less 
so in those dominated by urban land use where WTP effluent 
is the dominant source of nitrate. Mass balance of nitrate 
indicates that the fraction of nitrate from WTP effluent in the 
Illinois River at Peoria can be <5% during the spring flush 
(March-May) and much larger during late summer and fall.  
Input of nitrate derived from WTP effuent is relatively 
constant year-round, whereas agricultural nitrate flux varies by 
a factor of 10 or more. 
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The deep biosphere is the largest habitat on Earth. Previous 

studies have suggested that microorganisms inhabiting the 
deep subsurface environments metabolize at extremely slow 
rates and constitute up to 30% of the total biomass, exerting a 
profound impact on global elemental cycling among different 
reservoirs over geological time. Most previous efforts are, 
however, diverted to examine microbial ecosystems associated 
with unconsolidated marine sediments at relatively shallower 
depths (<1 km below seafloor). In contrast, terrestrial settings 
are composed of primarily crystalline or consolidated 
sedimentary rocks with hydrological circulation and substrate 
availability distinct from those in marine sediments. While 
most groundwater in consolidated rock settings is confined in 
the fracture network, the distribution and assemblage of 
microbial communities in pore space with limited nutrient 
exchange and fluid transport are largely unexplored. 
Furthermore, the retrieval of terrestrial samples dedicated to 
geomicrobiology research remains to be a rare opportunity. In 
this study, we collected a suite of rock samples distributed 
from 1500 to 3000 meters below land surface in a foreland 
basin of Taiwan through a coring operation designed to 
retrieve the formation property for CO2 sequestration. 
Contamination assessment, cell abundances, community 
assemblages and geochemistry of sediments and porewater 
will be presented and discussed. 
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Water samples were collected from stations across the 

river-lake interface from the Milwaukee River to open Lake 
Michigan during 2013 for the measurements of carbohydrate 
species, including monosaccharides (MCHO), polysaccharides, 
both HCl-hydrolyzable (HCl-PCHO) and HCl-resistant 
polysaccharides (HR-PCHO), and particulate carbohydrates 
(Par-CHO), to examine their seasonal and spatial variations. 
Concentrations of all carbohydrate species decreased from 
river to open-lake stations, showing significant riverine sources 
to Lake Michigan. At open-lake stations, subsurface maximum 
and bottom elevated concentrations of PCHO and Par-CHO 
were observed during certain sampling periods, suggesting the 
influence of biological production on subsurface layer and the 
contribution of sediment resuspension or benthic processes to 
PCHO in bottom waters. HR-PCHO predominated in surface 
water PCHO in open-lake waters during spring and in river 
waters during September, indicating in-situ production of HR-
PCHO. Dissolved organic carbon (DOC) co-varied with total 
dissolved carbohydrate (TCHO) in river and coastal waters, 
but poorly correlated in open-lake waters, showing different 
source terms and transport mechanisms for DOC and TCHO 
across the river-lake interface. 
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Dissolved organic nitrogen (DON) is the second largest 

pool of reduced nitrogen in the ocean. Like dissolved organic 
carbon, water column DON decreases with increasing depth 
[1], indicating biotic production in surface ocean as the main 
source [2]. The role of marine sediments and benthic 
biogeochemical processes to DON cycling remains poorly 
constrained. Here we present the observation of massive DON 
production from sediment in the Guaymas Basin upon heating 
under anoxic conditions. In sediment slurry experiments (12–
90 °C, 192 days) to simulate the natural condition of diagentic 
heating, the DON content increased logarithmically from 100 
μM at 12 °C to 10 mM at 90 °C, coninciding with increasing 
trends of NH4

+ and total hydrolyzable dissolved amino acids 
(THDAA) with temperature. At 90 °C, THDAA accounted for 
up to 43% of the increase in DON; control experiments with 
sterilized sediment confirmed that the THDAA production was 
an abiotic process. Ultrahigh resolution mass spectrometric 
analysis of the dissolved organic extracts obtained with solid-
phase extaction cartridges showed the presence of abundant N-
bearing compounds with high H/C and low O/C ratios in 
heated samples. Our results suggest that heat is an efficient 
geological process in releasing particle-bound nitrogenous 
compounds, which may nurture the microbial community in 
the subseafloor or, when transported by the upward migrating 
fluid, fuel the ecosystems at the sediment-bottom water 
interface. 
 
[1] Bronk (2002) In: Hansell and Carlson (eds.), 
Biogeochemistry of Marine Dissolved Organic Matter, 153-
247. [2] McCarthy et al (1998) Science 281, 231-234. 
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The 2010 Deepwater Horizon (DWH) blowout released 

~4.1 billion barrels of oil into the Gulf of Mexico [1].  A 
significant fraction of the “residual” 22% of oil not depleted by 
natural processes or remediation strategies [2] reached marine 
sediments [3-4].  

Understanding the long-term fate and impact of this oil on 
benthic communities is critical for informing remediation 
policies, but gaps in our knowledge of hydrocarbon 
biodegradation hinder this effort.  In particular, how high 
hydrostatic pressures (~150 bars at the DWH site) impact 
biodegradation is unclear, and is increasingly salient as deep 
water drilling expands. Although early experiments showed 
that biodegradation proceeded more slowly at elevated 
pressures [5], most studies have been conducted at surface 
pressure, and their results may not be applicable to the deep 
ocean.  

Here, we revisit this problem using Macondo oil and 
mixed microbial communities in Gulf of Mexico surface 
sediments collected near the DWH site.  Sediment slurries 
amended with oil were incubated in pressure cells at 1 and 150 
bars with continuous online measurement of O2 and CO2.  We 
compare hydrocarbon concentrations and bacterial community 
composition (determined by rDNA amplicon sequencing) in 
samples collected at different stages of O2 drawdown, 
putatively correlating to different growth phases of the 
community.  These experiments enable us to evaluate potential 
differences in microbial community succession and the 
efficiency of hydrocarbon degradation at surface and DWH 
pressures. 

 
[1] Zukunft, P.F. (2010). Operational science advisory team 
report. [2] Ramseur, J.L. (2010). Cong Res Serv: 1-20, 
R41531. [3] Montagna, P.A. et al, (2013). PLOS One. 8, 
e70540. [4] Romero, I.C. et al, (2014). Deep-sea Research II, 
in review. [5] Schwarz et al, (1974). Appl. Microbiol. 28, 982-
986. 
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Granitoids near the giant Bayan Obo REE deposit at the 
north margin of the North China Craton, the world’s largest 
LREE deposit, have been taken by some authors as the key 
factors that controlled the mineralization. In contrast, others 
proposed that the REE deposit has been partially destructed by 
these granitoids. Here we report systematic studies on 
geochronology and geochemical characteristics of granitoids of 
different distance from the orebodies, to investigate the genesis 
and their relationship to the giant Bayan Obo deposit. 
Granitoids studied here, including granites and quartz 
monzonites, are peraluminous, LREE enriched and HREE 
depleted, with variable REE concentrations (total REE = 54-
330 ppm) and large negative Eu anomaly (δEu = 0.19-0.70). 
The REE patterns are distinct from those of ore-bearing 
dolomites. Some samples have slightly higher LREE 
concentrations, which may have been contaminated by the 
orebodies during intrusion. The granitoids plot within the post-
collision granite field in the Pearce diagram, which is 
consistent with the tectonic regime. The quartz monzonites and 
one granite have A-type granite characteristics and belong to 
A2 subgroup. High precision U-Pb dating for the zircons yield 
206Pb/238U ages ranging from 243.2-293.8 Ma. The formation 
of the granitoids is >55 Ma later than the latest ore forming 
age. The Ti-in-zircon temperature of the granitoids ranges 
from 590 to 770 °C. All these evidences suggest that the 
granitoids have no contribution to the formation of the Bayan 
Obo deposit. Granitoids that are close to the orebodies had 
limited interaction with it and gained some LREE-enriched 
characteristics during magmatisms. Nevertheless, their effects 
to the orebodies are subtle. All the granitoids formed in a post-
collisional tectonic regime at convergent margins, which is 
consistent with plate subduction during the closure of the 
Palaeo-Asian Ocean, started in the Neoproterozoic and lasted 
until the Carboniferous/Permian. 
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Determining which taxa in a community perform which 
functions and respond to changing environmental factors is 
essential for understanding metabolic interactions among 
community members.  Central to this understanding is the 
monitoring of qualitative and quantitative protein expression 
patterns in the individual taxa as a response to external stimuli. 
Protein stable isotope probing (Pro-SIP) has strong potential 
for revealing key metabolizing taxa in complex microbial 
communities, though these techniques have not been applied to 
short term in situ studies due to the small degree of partial 
labeling of the proteins.  We Pro-SIP to three different 
biological systems to determine active taxa and protein 
expression patterns over time.  Importantly, these in situ 
studies utilized very short incubation times (3 to 24 hours). In 
the first system, phototrophic microbial communities in 
alkaline siliceous hot springs of Yellowstone National Park, 
labeled bicarbonate addition highlighted the carbon 
assimilation pathways in different taxa. At Hot Lake, a 
hypersaline lake, we added different carbon-based substrates to 
the resident microbial mat over time and observed that 
incorporation of the substrates into metabolites occurred 
through different pathways both by direct assimilation and by 
breakdown of the primary substrate and assimilation through 
single carbon units.  The third system, a simplified 
cyanobacteria consortium isolated from Hot Lake, illustrated 
that the assimilation of labeled bicarbonate was primarily 
through the dominant cyanobacteria and that label was only 
transferred to the resident heterotrophs after 24 hours of 
incubation.  Pro-SIP experiments with short-term incubations 
thus have the potential to capture a snapshot in time of 
community functional activity, elucidating which organisms 
are actively expressing proteins, which pathways are being 
expressed, and how the taxa acclimate to environmental 
stimuli. 
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The obliquity and precession responses of several North 

Atlantic ice-rafted debris (IRD) proxy records are analyzed 
over the past 1 Myr to evaluate ice sheet responses to orbital 
forcing and links between IRD and Atlantic overturning 
changes. However, not all IRD proxies yield the same results. 
A record of bulk carbonate δ18O from IODP Site U1308 [1] 
shows IRD maxima in phase with June perihelion and very 
little obliquity power. Si/Sr at the same site shows strong 
responses to both obliquity and precession, although Si/Sr may 
also be affected by changes in productivity [1]. The two 
proxies have different implications for orbital responses in ice 
sheets and their links to Atlantic overturning changes as 
measured in benthic δ13C [2, 3]. Bulk carbonate δ18O suggests 
that obliquity forcing has little effect on rates ice sheet calving 
while precession forcing drives large calving events (and 
possibly meltwater) into the North Atlantic that delay 
overturning responses to ice volume change. In contrast, the 
Si/Sr record suggests that ice sheet responses and overturning 
are tightly coupled in both orbital bands but does not indicate 
whether calving (and meltwater) caused circulation changes, or 
vice versa, as has been proposed for Heinrich Event 1 [4, 5]. 
 
[1] Hodell et al (2008) Paleoceanography 23, PA4218. [2] 
Lisiecki et al (2008) Nature 456, 85–88. [3] Lisiecki (2014) 
Paleoceanography, in press. [4] Marcott et al (2011) PNAS 
108, 13415. [5] Alvarez-Solas et al (2011) Clim. Past 7, 1297. 
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Strontium typically incorporates into calcium carbonates 
through the distortion of the carbonate lattice, producing 6-fold 
and 9-fold Sr coordination in calcite and aragonite respectively 
[1]. Uptake is controlled by physiochemical factors and the 
mechanism of formation [1-2].  

Trace-metal uptake to carbonates is often described in 
terms of a distribution coefficient (kd) where the metal/Ca ratio 
in the precipitated calcium carbonate mineral is controlled by 
the metal/Ca ratio in solution [3].  Kd values of < 1mol % Sr-
substitution into calcite have been reported [3].  Here we 
present a novel synthesis procedure, in which significantly 
higher kd values of 10 mol % Sr substitution have been 
achieved.   

By rapidly mixing equal volumes of SrCl2/CaCl2  and 
Na2CO3 at room temperature we observed the formation of an 
unstable ACC precursor within seconds of mixing.  XRD and 
SEM data showed that this crystallised within minutes forming 
a metastable vaterite phase, and after 3 hours fully crystallised 
to calcite.  Sr K-edge EXAFS spectroscopy was used to 
elucidate the exact mechanism of Sr incorporation and local Sr 
bonding environment during the ACC, vaterite, and calcite 
transformations as a function of Sr concentration.  This 
synthesis route potentially offers a viable low-cost treatment 
option for 90Sr contaminated land and effluent wastes.  
 
[1] Parkman R.H. et alGeochim. Cosmochim. A., (1998) 
p1481. [2] Pingitore Jr N.E. et al Geochim. Cosmochim. A., 
(1992) p1531.[3] Tesoriero A.J. and Pankow J.F. Geochim. 
Cosmochim. A.,(1996) p1053.  
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Although fungi are the native inhabitants of almost every 
environment on Earth’s surface biospehre, it ramains largely 
known if fungi are also present in the deep subseafloor 
biosphere and play ecological roles in the ecosystem. Here we  
reported a fungal species that was successfully isolated from a 
coal (lignite)-associated sediment sample obtained by the 
drilling vessel Chikyu from 1,929 meters below seafloor 
(mbsf) at Site C0020 (41°10'35"N, 142°12'01"E) off the 
Shimokita Peninsula, Japan during the Integrated Ocean 
Drilling Program (IODP) Expedition 337. According to the 
morphological observation and phylogenetic analysis based on 
18S rRNA gene, Internal Transcribed Spacer (ITS) reagion, 
and partial 28S rRAN gene sequences, the isolatd species has 
been identified to be a member of  Irpex lacteus  belonging to 
the Basidiomycota, which has been documented as a common 
white-rot fungus that could live widespread in the 
phytosynthesis-based surface habitats (e.g., forest). Our 
succesful isolation of the fungi suggests that this species 
possibly live (or survive as spore) in the very deep subseafloor 
biosphere. Interestingly, the isolate exhibits ligninase and 
orange-G degrade activities, suggesting potential contibution 
to the organic matter degradation and coal formation.  

This research used samples provided by the IODP. 
Funding for this research was provided by SRFDP 
(20130091110036) and IODP-China. 
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Pyrite nodules up to 20 cm in diameter are found at the top 

of the Marinoan (~635 Ma) Nantuo glacial diamictite as well 
as in the cap dolostones and shale/siltstones in the lower 
Doushantuo Formation in eastern Guizhou, southern China. 
Earlier studies on the occurrence and stable sulfur and triple 
oxygen isotope composition of barite in the cap dolostones 
concluded that seawater sulfate concentrations in shallow 
oceans in the South China Block were low during the 
deposition of the cap dolostones. Therefore, the occurrence of 
pyrite nodules suggests two scenarios: 1) Formation before the 
precipitation of the cap dolostone, when seawater sulfate 
concentration was high enough to result in pyrite formation in 
sediments, either via direct precipitation from a euxinic water 
column or through in-sediment sulfate reduction; or 2) 
Diagenetic formation via sulfate reduction the precipitation of 
the cap dolostone when seawater sulfate content became high 
enough to diffuse into the organic-rich cap dolostone and the 
underlying diamictite. Field occurrences, petrography, and 
stable sulfur isotopic compositions of pyrite nodules were 
studied from a section at Taoying, eastern Guizhou, China. 
Pyrite δ34S values from different nodules varied from 7.3‰ to 
60.5‰ at different stratigraphic levels. No stratigraphic trend 
existed for the δ34S. Pyrite δ34S values were also homogeneous 
within individual nodules at a 0.3 to 1 cm sampling scales, but 
were heterogeneous at a 2 mm sampling scale. Homogeneity 
was not expected from the particular model for pyrite nodule 
formation in a largely closed or semi-closed environment. 
Therefore, pyrite formation likely occurred prior to cap 
dolostone deposition, when seawater sulfate rose appreciably 
to support extensive sulfate reduction in sediments. 
Differential cementation and compaction of the pyrite-bearing 
sediments may have produced the nodular shape of the pyrite 
deposit. Future work needs to test this alternative model for 
pyrite nodule formation at multiple Marinoan sections in South 
China. 
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Stable Strontium (Sr) isotopes have been applied to 

investigate the exogenic Sr cycling and further constrain the 
marine Sr budget (e.g. [1]). A systematic evaluation of the 
stable Sr isotope (δ88Sr) in various natural specimens has 
reported a narrow range (0.24 - 0.27‰, relative to NIST SRM 
987) in the bulk silicate earth materials and carbonates (0.14 - 
0.27‰)[1]. Whereas, significant δ88Sr variation was detected 
in rivers worldwide (0.23 - 0.45‰) [1] that indicates Sr 
isotopes fractionation in terrestrial weathering environments. 
In this study, a series of Quaternary loess and paleosols 
specimens were collected from the Chinese Loess Plateau 
coupled with two laboratory leaching experiments, the partial 
dissolution of primary rock reference materials and the Sr 
surface exchange using clay standard minerals, were conducted 
for a comprehensive understanding of Sr isotopic fractionation 
in nature. Based on our Sr/Ca and 87Sr/86Sr results, the 
carbonate fraction of the eolian dust in the Wei-nan profile is a 
non-primary formation and reflects contributions from primary 
carbonate dissolution and primary silicate weathering. Further, 
significant Sr isotopic fractionation was found in the carbonate 
fractions of loess and paleosols that is isotopically heavier than 
the corresponding desert source materials (Δ88Sr up to 0.15‰). 
This indicates that potential Sr isotopic fractionation has 
occurred during the weathering process. In addition, the results 
of laboratory experiments imply that the heavier Sr isotopes 
were preferentially released during weathering. To further 
constrain the potential mechanisms that may involve to cause 
stable Sr isotopic fractionation, future work will focus to study 
the Sr isotope compositions in soil profiles and soil solutions. 
 
[1] A. Krabbenhöft, A. Eisenhauer, F. Böhm, H. Vollstaedt, J. 
Fietzke, V. Liebetrau, N. Augustin, B. Peucker-Ehrenbrink, M. 
Müller, and C. Horn, Geochimica et Cosmochimica Acta, 
2010, 74, 4097–4109. 
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Geological carbon sequestration is explored as one of the 

dominant means to mitigate the ever-growing anthropogenic 
CO2 emission. Site-specific reactivity of minerals with 
supercritical CO2 is of great interest in understanding the 
fundamental elementary reaction mechanisms, where the 
presence of impurities within the bulk mineral may affect 
reaction kinetics. A combination of atom probe tomography 
(APT) and scanning transmission electron microscopy (STEM) 
is being used to map the complex composition and nanometer-
scale structure across various site-specific regions in order to 
better understand the mechanism upon reaction with sc-CO2. 
The site-specific APT analysis of unreacted natural fayalite 
indicates the presence of nanometer scale hydrated iron oxide 
interfaces. In addition, Na impurities were found to concentrate 
within the hydrated interface while Mg and Mn were depleted 
from these regions. With the ability of APT to detect the 
chemical/structural heterogeneity by virtue of its high three-
dimensional atomic-scale spatial resolution and ppm 
sensitivity, we find that APT will provide a viable means to 
correlate with ongoing experimental reaction studies and also 
provide guidance into theoretcial models of the heterogenous 
phase formation and reaction rates at precisely defined 
interfaces within minerals. 
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resistors by N-TIMS 

J. G. LIU* AND D. G. PEARSON 

Department of Earth and Atmospheric Sciences, University of Alberta, 
Edmonton, Alberta T6G 2E3 Canada (*jingao@ualberta.ca) 

At present, the precise and accurate Os isotopic ratios are 
commonly determined as the OsO3

- ion via peak-hopping 
electron multiplier (SEM) or static collection with Faraday 
cups and amplifiers equipped with 1011 Ω resistors, by negative 
thermal ionization mass spectrometry (N-TIMS) [1,2,3]. Here 
we present a new approach to obtain rapid and precise (0.1 % 
or better) Os isotopic compositions for small (ng to sub-ng) 
amounts of Os extracted from geological samples using static 
collection with Faraday cups and amplifiers equipped with 1012 
Ω resistors, by N-TIMS/Triton Plus [4]. The results show that 
the measurement repeatability of Os isotopic ratios changes as 
a function of signal intensity that varied from 0.005 to 0.05 V 
(1011 Ω equivalent signal, i.e., 0.001 V is equivalent to ~62500 
cps) for 192OsO3

-. At 192OsO3
- ion beams greater than 0.02 V 

with 50 ratios measured over a 10 minute acquisition time, the 
repeatability of Os isotopic ratios is better than that obtained 
by conventional peak-hopping SEM at 192OsO3

- = ~200,000 cps 
with 500-100 ratios measured over a 30-60 minute acquisition 
time. At 192OsO3

- ion beams of ~0.04 V or above, the 
187Os/188Os and 186Os/188Os data, for loads of 1 and 0.1 ng Os 
reference materials can be measured with a repeatability of < 
0.1 % (2σ) and deviate by < 0.1 % from the accepted values. 
Similar results can be achieved for Os load sizes in geological 
samples as low as ~0.025 ng. At much higher 192OsO3

- ion 
beams (~0.5-1 V) with 300 ratios taken (total acquisition time 
circa one hour), the Faraday measurements of 1 to 3 ng Os 
loads of reference material solutions can generate high-
precision 186Os/188Os data with a repeatability of 30-50 ppm 
and a mean intermediate precision of 10-30 ppm. While the 
smaller signal intensities used in concert with 1012 Ω 
amplifiers necessarily yield lower precision measurements than 
the best achievable with larger signals on 1011 Ω amplifiers, 
the repeatability we have achieved on reference materials can 
expand the application of the 190Pt-186Os decay system to 
geological samples containing significantly less Os than those 
normally measured on 1011 Ω amplifiers, if isotopic variations 
in excess of 50 ppm are present.  
 
[1] Creaser R. A. et al (1991) GCA 55, 397-401.[2] Volkening 
J. et al (1991) JMS 105, 147-159.[3] Walczyk T. et al (1991) 
JAC 341, 537-541.[4] Liu and Pearson (2014) Chemical 
Geology 363, 301-311. 
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High-precision (< ±5 ppm 2σ SD) W isotopic ratio 
measurements have boosted recent exploration of early Earth 
processes[1,2,3]. W isotope anomalies have been reported for 
the 3.8 Ga Isua rocks[1], the 2.8 Ga Kostomuksha 
komatiites[2] and the ≥3.8 Ga Nuvvuagittuq rocks[3]. All these 
rocks exhibit up to 15 ppm 182W enrichments, which are 
inferred to lie within the estimated mantle composition prior to 
addition of 0.3 to 0.8 wt.% to Earth of late accreted 
materials[4]. However, the calculated higly siderophile 
element (HSE) contents of the mantle source for the 
Kostomuksha komatiites are similar to modern mantle, 
inconsistent with a source dominated by a pre-late accretionary 
mantle reservoir. Thus, their mantle source must have 
incorporated an ancient (when 182Hf was still extant; i.e., <50 
Ma after Solar System formation), high Hf/W component[2].  

We have determined the first W isotope measurements on 
bona fide mantle rocks using high-precision (3.7 ppm 2σ SD) 
N-TIMS, for >3.8 Ga ultramafic rocks (i.e., residual 
lithospheric mantle peridotites and supracrustal meta-
komatiites) from northern Labrador, Canada. Within the 
peridotitic suite, 9 samples show well-resolved, variable 182W 
enrichments ranging from +9 to +22 ppm, while three meta-
komatiites have uniform ~+9 ppm enrichments. Such W 
isotope anomlies are consistent with the estimated isotopic 
composition of the mantle prior to late accretion. However, the 
relative and absolute HSE abundances in both suites are 
similar to their late Archean equivalents, indicating the 
delivery of late-accreted materials prior to 3.8 Ga. Prominent 
W enrichments, relative to elements with similar 
incompatibilities suggest that W in these rocks was not 
dominated by their mantle sources. Some W must have been 
added via metasomatism of W-rich fluids from subduction-
related mantle or crust component. HSE and W elemental and 
isotopic systematics for the Labrador ultramafic rocks can be 
accounted for by a model where an Eoarchean mantle wedge, 
with modern mantle-like HSE abundances and µ182W ~0, was 
overprinted by fluids derived from a metasomatic component 
with µ182W ~+20. The 182W enrichment of this component 
could be inherited from a pre-late accretionary or early 
depleted (i.e., high Hf/W) parental mantle reservoir.  

 
[1] Willbold M. et al (2011) Nature 477, 195-198. [2] Touboul 
M. et al (2012) Science 335, 1065-1069. [3] Touboul et al 
(2014) Chem.  
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In natural environment, dissimilatory metal-reducing 

bacteria (DMRB) are involved in a prevalent redox process 
with sparingly soluble minerals and influence the fate and 
transport of redox-active metals, as well as organic and 
inorganic contaminants. To overcome the physical limitations 
associated with electron transfer (ET) across the outer 
membrane (OM) to solid extracellular terminal electron 
acceptors under natural conditions, c-type cytochromes (c-Cyts) 
in DMRBs compose an electron transport network across the 
entire microbial cell envelope. As the important terminal 
reductase, OmcA plays a key role in transferring electrons 
across the outer membrane to solid surface. This study 
investigated size effect on the reduction kinetics of hematite 
with OmcA. Reduction kinetics of hematite particles with 
mean primary particle sizes of 15, 30, 55, and 173 nm were 
systematically studied in reactions with OmcA and ascorbic 
acid, respectively. The changes of hematite particles before 
and after reaction with OmcA were investigated using a variety 
of methods. The different size effect in reactions with OmcA 
and ascorbic acid was discussed in terms of potential factors, 
such as primary particle size, size of reductase, and 
aggregation. This study is the first effort to investigate the 
effect of particle size on direct ET kinetics between hematite 
and important multi-heme c-type cytochrome. 
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The Huoqiu BIF deposit is located in the southeastern 

margin of the North China Craton (NCC), is hosted in 
Neoarchean high-grade metamorphic rock series. The iron ores 
are interlayered with amphibolite and granitic gneiss, 
indicating that they are spatially closely associated. LA-MC-
ICP-MS U-Pb dating of magmatic zircons from amphibolite 
and gneiss yield U-Pb ages of 2873 ± 5 Ma and 2765 ± 11 Ma, 
respectively, providing the constraint of protolith age. Zircons 
from two iron ore samples yielded similar ages of 2769 ± 16 
Ma and 2756 ± 18 Ma, respectively. Therefore, formation age 
of the Huoqiu BIF deposit were constraint at 2.75-2.77 Ga. 
The gneiss from three deposits displays high SiO2, low MgO, 
high K2O/Na2O ratio, pronounce HREE depletion, negative 
anomalies of Ti-Nb-Ta and high Sr/Y with high Sr contents 
and low Y contents, which is the characteristics of late 
Archean low-Mg tonalite, trondhjemite and granodiorite 
(TTG). The amphibolites have the high Fe2O3, Al2O3 and 
CaO contents with dispersed Mg# and TiO2. Geochemically, 
they are alkali-rich, with high K2O contents and high 
K2O/Na2O ratios, revealing their calc-alkaline nature. They 
are enriched in LILE and LREE with flat HREE pattern and 
depleted in high field strong elements HFSE with weak Eu 
anomalies, these features are comparable with IAB-type 
amphibolite. Their original rocks were formed in an island arc-
related setting and an active continental margin. Thus we infer 
that the Huoqiu BIF was formed in a subduction-related back-
arc basin setting, close to an active continental margin during 
early Neoarchean. 
 

Keywords: Huoqiu Neoarchean BIF; Zircon U-Pb dating; 
Tectonic setting; North China Craton (NCC) 



 Goldschmidt2014 Abstracts  

 

1476 

1476 

Stability pressure of the supersilicic 
garnet in the SiO2 saturated system -- 
constraining the peak pressure of the 

UHP gneiss from the Songshugou 
area in the North Qinling 

LIU LIANG1*, ZHANG JUNFENG2, WU YAO2, 
CAO YUTING1 AND CHEN DANLING1 

1The Key Laboratory of Continental Dynamics, Department of 
Geology, Northwest University, Xi'an, 710069, China 

2State Key Laboratory of Geological Processes and Mineral 
Resources, China University of Geosciences, Wuhan 
430074, China 

 
Amount of experimental petrological studies in SiO2 

unsaturated ultra-mafic system indicated that, at the pressure of 
>5GPa, garnet became supersilicic because of the presence of 
the coupled substitutions SiⅥ+MⅥ=AlⅥ+AlⅥand 
SiⅥ+NaⅧ=AlⅥ+MⅧ (M = Mg, Fe, Ca) (Ringwood and 
Major, 1971; Gasparik, 1989; Ono and Yasuda., 1996), which 
laid a theoretical foundation for understanding the deep mantle 
inclusion, the formation mechanism of the pyroxene exsolution 
in garnet in UHP rocks and the stable pressure before the 
supersilicic garnet exsolved. However, although there are 
abundant HP-HT experimental data in the SiO2 saturated 
system, the stability condition of the supersilicic garnet is still 
unclear. For better constraining the peak metamorphic 
condition of the supersilicic garnet and its geological 
implication, HT-HP experiment simulating the system of 
continental felsic rock at P=6-12GPa, T=1200-1400°C was 
carried out in this study. 

Our experimental result indicates that the minimum stable 
pressure of the supersilicic garnet in the felsic system is 
≥10GPa, which is consistant with that from Irifune et al 
(1994). Meanwhile, the experimental data from Ono. (1998), 
Dobrazhinetskya and Green. (2007) and Wu et al (2009) also 
show that the stable pressure of the supersilicic garnet is ≥9-
10GPa in SiO2 saturated system. These are different from that 
of ≥5GPa in the ultra-mafic system without independent SiO2 
phase. 

Recently, abundant fine-grained exsolutions of Rt + Ap + 
Qtz needles are observed in the the garnet core in the felsic 
gneiss from the Songshugou area in the North Qinling terrane, 
which suggests that the precursor garnet before exsolution 
contain excess Si, Ti, and P. According to the new 
experimental data, the peak pressure of the rock is inferred to 
be ≥10GPa, indicating the depth of the continental subduction / 
exhumation is ≥300km. 
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Grain size-dependent trends of concentration and isotopic 
composition have been observed for a number of refractory 
elements, among which, Sr and Ba, in aggregates of SiC grains 
with different sizes (e.g., [1, 2]). It has been proposed that the 
cause of these trends is ion implantation into SiC grains and 
that the implantation efficiency of a nuclide depends on its 
ionic radius and ionization potential (IP) [3]. Consequently, 
this model would predict that Cs and Ba were coimplanted into 
SiCs. We obtained abundances of the two p-process isotopes, 
130Ba and 132Ba, in 12 mainstream SiCs. By comparing their 
abundances with respect to that of 135Ba, we conclude that 
there is no measurable decay of 135Cs to 135Ba (t1/2=2.3 Ma) in 
individual SiC grains, indicating condensation of Ba, but not of 
Cs, which would allow 135Cs to decay into SiC grains.  

In a study of correlated Sr and Ba isotopes in single acid-
cleaned mainstream SiC grains using Resonance Ionization 
Mass Spectrometry (RIMS) [4], we obtained Sr/Ba atomic and 
isotopic ratios in ~90 SiCs (all the isotopes of the two elements 
were measured simultaneously). Both Sr and Ba were well 
saturated with the laser intensities used in this study, which 
indicates that they have the equal relative sensitivity factors in 
this analysis and can be compared quantitatively.  

The maximum Sr/Ba ratio measured in the grains (~25) 
matches the predicted ratio (~30) in the convective envelope of 
AGB stars, indicating that both elements were incorporated 
into the SiCs by the same process, condensation. However, the 
grains show a range of lower Sr/Ba ratios extending down to 
~0.3, suggesting lower condensation efficiency of Sr (e.g., 
lower condensation temperature) into SiC grains than that of 
Ba. On the other hand, Sr and Ba both belong to Group 2 
elements (alkaline metals) and therefore have similar ionic 
radii. If Sr were implanted into SiC grains, Ba would be 
implanted with even higher efficiency because of its lower IP. 
The range and maximum of Sr/Ba ratios observed favor 
condensation into SiCs rather than implantation.  
 
[1] Podosek et al (2004) ApJ, 605, 960; [2] Zinner et al (1999) 
ApJ, 382, 47; [3] Verchovsky et al (2003) ApJ, 607, 611; [4] 
Liu et al (2014) 45 LPS, #2049 
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In current AGB stellar model calculations, it is unclear 
what process(es) are responsible for mixing protons from the 
bottom of the convective envelope to the He-intershell to form 
13C, which is the major neutron source for s-process 
nucleosynthesis via 13C(α,n)16O [1]. AGB model predictions 
therefore suffer from uncertainties in the 13C neutron source, in 
particular, depending on the 13C profile within the so-called 13C 
pocket and on the pocket mass used in the model calculations 
[1]. 

The abundances of most of nuclei in the regions between 
magic neutron numbers are insensitive to the adopted 13C 
pocket in AGB models. Neutron magic nuclei, namely 88Sr, 
138Ba and 208Pb, however behave as bottlenecks in the s-process 
path due to their extremely small neutron capture cross 
sections; their predicted abundances strongly depend on the 13C 
pocket adopted in the AGB models [2].  

In order to better constrain the 13C pocket structure in AGB 
models in this study compared to [2], we measured correlated 
Sr and Ba isotopic compositions in ~90 acid-cleaned SiC 
grains from Murchison using the CHARISMA instrument at 
Argonne National Laboratory. Comparison with previous SiC 
grain data shows that our acid-cleaning procedure is effective 
in removing solar Sr and Ba contamination. Comparison of the 
measured correlation between δ88Sr versus δ138Ba with AGB 
model predictions with  varying 13C pockets indicates that most 
of the grain data agree with AGB models with a typical 
decreasing 13C profile, but with a lower pocket mass; a few 
grains can only be matched with both a flatter 13C profile and a 
lower pocket mass. For the first time, we have shown that 
varying 13C pocket structures exist in different parent AGB 
stars. We also derive stringent constraints on the 13C pocket 
structure for future simulations of the physical mechanism(s) 
responsible for the 13C pocket formation in AGB stars. 
 
[1] Gallino et al (1998) ApJ, 497, 388; [2] Liu et al (2013)  
LPS 44, #2507 
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Melt inclusion is the best documentation of the melts 

present during the evolution of the deep-seated magma 
chamber. The crystallized melt inclusions found in plagioclase 
in the Upper Zone of the Baima intrusion, SW China consist 
mostly of anhedral clinopyroxene, plagioclase, magnetite, 
ilmenite and apatite with minor orthopyroxene, sulfide and 
muscovite (Fig. 1). Plagioclase tends to crystallize on the walls 
of the host plagioclase primocryst, leading to normal zoning 
towards the central mineral aggregates. The composition of the 
daughter plagioclase is typically 5-6 An% lower than that of 
the host plagioclase, whereas the daughter clinopyroxene has 
similar Mg-number but lower Ti and Al compared to the 
primocryst clinopyroxene. These compositional differences 
can be attributed to equilibrium crystallization in a closed 
system of the trapped melt inclusions in contrast to fractional 
crystallization and possible magma replenishment in an open 
system typical for primo-cumulates of large layered intrusions. 
The presence of the melt inclusions demonstrates that these Fe-
Ti-P-rich melts were probably separated from Si-rich liquids 
and produced Fe-Ti oxide ores rich in apatite and absent from 
olivine. We thus conclude that the Fe-Ti oxide mineralization 
in the upper part of the Baima intrusion resulted from an 
immiscible separation of Fe- and Si-rich melts. The Si-rich 
melts could be responsible for the syenite on top of the Baima 
layered intrusion. 

 
 
 
 
 
 
 
 
 
 

Figure 1 Crystallized melt inclusion in theUpper Zone of the 
Baima intrusion. Ap-apatite, Cpx-clinopyroxene, Ilm-ilmenite, 
Pl-plagioclase, Sul-sulfide 
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Geological application of clumped isotope techniques has 

been broadened, but the studied objects mainly remain CO2, or 
O2. There is an urgent need to include other species into the 
inventory of clumped isotope geochemistry. In this study, we 
provide equilibrium Δi values of several common gaseous 
molecules which can be potential targets for the clumped 
isotope study in future. For improving the calculation accuracy, 
theoretical treaments beyond the harmonic level by including 
several higher-order corrections to the Bigeleisen-Mayer 
equation are used. We have evaluated contributions from many 
higher-order corrections (e.g., AnZPE, AnEXC, VrZPE, 
VrEXC, QmCorr and CenDist) to calculate the anharmonic 
effects of vibration, vibration-rotation coupling, quantum 
mechanics and centrifugal distortion for rotation, etc., which 
are ignored in the Bigeleisen-Mayer equation for the 
calculation of reduced partition function ratios. All calculations 
are performed at MP2/aug-cc-pVTZ level and no frequency 
scale factor has been used. The computational details of these 
higher-order corrections can be found in [1].  

Our results provide detailed temperature dependencies of 
clumped isotope signatures of those molecules. We also find 
AnZPE is the most significant correction at room temperature. 
VrZPE plays second important role at room temperature, but 
may contribute equally important to AnZPE at higher 
temperature. Other corrections can contribute a little only if 
hydrogen atom is involved. With the increase of temperature, 
contributions of AnEXC, VrEXC and CenDist will become 
larger; contributions from AnZPE and QmCorr will become 
smaller. Our results suggest anharmonic corrections can 
significantly improve the estimation of clumped isotope 
signatures especially when hydrogen atom is in the clumps 
(e.g., H2O, H2S, NH3 and CH4). Higher-order anharmonic 
corrections are therefore recommended to the theoretical study 
of clumped isotope fractionations. 
 
[1] Liu, Tossell and Liu (2010) Geochim. Cosmochim. Acta 74, 
6965-6983. 
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The Belgian Nuclear Research Centre is investigating the 

dissolution mechanisms of the Belgian HLW glasses in 
hyperalkaline conditions in a research program financed by 
ONDRAF/NIRAS. Static leach tests with SON68 glass were 
performed under Ar atmosphere at 30°C and 70°C in a 
synthetic cement water of pH 13.7 simulating the cement pore 
water in the first stage of concrete degradation. The data are 
interpreted by means of geochemical modeling using the 
PHREEQC code coupled to the LLNL database. 

In the beginning of both experiments the concentrations of 
easily soluble elements, such as boron, molybdenum and 
alkalis show square root of time dependence indicative of a 
diffusion-dominated process. The fitted diffusion coefficients 
based on  boron concentrations at 30 and 70 oC are 7.0x10-20 
and 3.4x10-19 m2/s, respectively. This diffusion process 
corresponds to diffusion of boron through the alkali-silica gel 
evidenced by a much lower apparent diffusional activation 
energy (33 kJ/mol) than that of inter-diffusion (around 80 
kJ/mol) reported in literatures. However, a simple diffusion-
type relationship can't produce a good fit for  silicon, 
aluminum, calcium and other hardly soluble elements such as 
iron, since these elements are involved into the formation of 
alkali-silica gel (ASR) and secondary phases. Geochemical 
modeling study shows that soon after the leaching of the glass 
elements, the ambient solution becomes over-saturated with 
respect to several aluminosilicates and C-S-H phases, 
especially at 70 oC when the glass dissolution is much faster. If 
the precipitated elements are assumed to form a diffusion 
barrier and dissolution is coupled with mineral precipitation in 
the model, the fitting for silicon, aluminum and calcium can be 
improved significantly. This study shows that in an alkaline 
medium, diffusion through alkali –silica gel limits glass 
dissolution in the beginning. With more and more high-
valences cations such as calcium, iron and zinc accumulated 
into the gel layer, the gel layer condenses. The gel layer will 
also incorporate aluminum from the solution, but a point is 
probably soon reached at which zeolites or C-A-S-H  begin to 
form as separate constituents, i.e., resumption starts. 
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Reactivity of olivine minerals in mafic and ultramafic 

rocks have been utilized for geologic CO2 sequestration, but an 
atomic-level understanding of the complex surface chemistry 
at the solid-liquid interface is needed to evaluate short and long 
time scale changes in these reservoirs.  

As a first step towards understanding CO2 surface 
chemistry at the aqueous olivine surfaces, we have examined 
the energetics of water and water dissociation pathways on 
olivine(010) surfaces using density functional theory (DFT) 
calculations. The DFT calculations incorporate dispersion via 
the D3 implementation of Grimme and co-workers [1]. After 
obtaining the adsorption energies of both molecular and 
dissociated water on the forsterite(010) surface, we also 
explored the effect of alkaline (Ca) and trace metals (Fe, Cr, 
Ni, and Co) on water adsorption by doping them on the 
surface. The climbing image nudged elastic band (NEB) 
method was employed to identify the transition state and 
activation barriers for water dissociation on the olivine surface. 
Our results indicate molecular water is more favored on both 
perfect and doped forsterite(010) surfaces, thus the dissocation 
is an endothermic process (ΔEr > 0), with alkaline metals 
showing less endothermicity. We will discuss ongoing 
calculations of the activation barriers on the perfect and doped 
olivine surfaces, along with fayalite and Ca-olivine surfaces. 
Based on the Brønsted-Evans-Polanyi (BEP) relationship, we 
predict Ca-doped surface is likely to dissociate water most 
efficiently. This result could be attributed to the charge of the 
different dopant metals [2] and the OH binding energy on the 
surface. We will also present the dynamics of water 
dissociation in the presence of a bilayer of water on the olivine 
surfaces. Our work will serve as a basis for future DFT studies 
of CO2 chemistry at the aqueous olivine surfaces.   

Authors acknowledge the computation resources provided 
by Ohio Supercomputer Center (OSC), and financial support 
from the U.S. DOE, Office of Basic Sciences. 
 
[1] Grimme, S. et al (2010) J. Chem. Phys., 132, 154104 [2] 
Kerisit, S. et al (2013) Chem. Geol., 359, 81-89 
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Speciation of aqueous metal complexes is one of the 
fundamental controls of metal transport and mineral solubility 
in natural and industrial hydrothermal systems. In the past 
decade, we have used in situ X-Ray Absorption Spectroscopy 
(XAS) to investigate the  speciation of aqueous chloride 
complexes of the first-row divalent transition metals (e.g. 
Mn(II), Fe(II), Co(II), Ni(II), Zn(II)). These studies 
complement the available speciation and solubility data by 
other experimental methods (e.g., solubility, UV-Vis, 
potentiometric). The EXAFS (Extended X-ray Absorption Fine 
Structure) data have been used to determine structural 
information of the predominant species, with their stability 
constants being regressed using the XANES (X-ray Absorption 
Near-edge Spectra) data. 

In general, the structure of metal chloride complexes 
changes from octahedral to tetrahedral with increasing 
temperature and/or halide concentration, accompanied with 
dehydration and increased number of chloride ligands, with a 
general reaction of  
Me(H2O)6(octahedral) + mCl- =  
MeClm(H2O)4-m(tetrahedral) + (m+2)H2O   (1) 
where Me denotes metals, m refers the number of ligands. 

In contrast, our recent XAS experimental studies of the 
pressure dependence of Ni(II) and Zn(II) chloride complexes 
reveal that pressure has a reverse impact on this octahedral-
tetrahedral transition, i.e., increasing pressure at a given 
temperature and salinity drives the above reaction (1) towards 
the formation of octahedral complexes. The fundamental 
control of the octahedral-tetrahedral transition can be 
expalined by the change of configarational enthopy and/or 
change of fluid properties in particular dielectric contants. This 
transition of metal chloride complexes has an important impact 
on the metal transport and solubility of relevant minerals in 
hydrothermal systems. 
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Arsenic is a toxic element found throughout the natural 

world. Seabird guano is one of the main sources of nutrient 
fertilizers in remote coastal island areas, but guano-derived 
contaminants such as Hg, Cd may cause serious threats to local 
ecosystems and public health issues. In order to well 
understand the biotransformation and accumulation 
mechanisms of arsenic in seabird habitats, we analyzed total 
arsenic and arsenic speciation distributions in guano and 
ornithogenic sediments from the Ross Sea of East Antarctica 
and the Xisha Islands of South China Sea, using high 
performance liquid chromatography coupled to hydride 
generation atomic fluorescence spectrometry (HPLC-HG-
AFS). The results showed that the guano input is a major factor 
controlling total arsenic distribution in the ornithogenic 
sediments, and the initial diagenesis process after the excretion 
of guano might have a significant influence on the arsenic 
speciation. Distribution of arsenic species is largely different in 
the different ornithogenic sediments.Two sediment profiles 
strongly influenced by Antarctic penguin droppings are mainly 
composed of As(V), but in one profile As(III) predominates, 
and the possible facotrs influencing the different distribution of 
As species need to be further studied.  

 



 Goldschmidt2014 Abstracts  

 

1485 

1485 

Trace elements in carbonates as 
tracers of Earth’s O2 evolution? 
XIAO-MING LIU1, ROBERT HAZEN1 , LINDA KAH2 

AND DIMITRI SVERJENSKY3 
1Geophysical Laboratory, Carnegie Institution, Washington, 

DC 20015, USA (corresponding: xliu@ciw.edu) 
2University of Tennessee, Knoxville, TN 37996, USA 
3Johns Hopkins University, Baltimore, MD 21218, USA  
 

Different major and trace elements in sedimentary records 
(e.g. BIFs, black shales) have been developed as proxies to 
reconstruct paleoenvironmental information in deep time (e.g., 
Sahoo et al, 2012). However, many of the sedimentary records 
are underepresented during the “boring billion” (1.8 ~ 0.8 Ga). 
Carbonate rocks are pervasive through Earth’s history and can 
provide additional information on paleoenvironments, such as 
seawater chemistry and/or atmospheric O2, during the 
evolution of Earth. 

We analyzed the major and trace element concentrations in 
micro-drilled carbonate rocks from six different localities 
around the world during the period of Paleo- to Meso- 
proterozoic and Ordovician. We explored the use of elemental 
ratios (e.g. Ce/Ce*, Cr/Sr) as redox proxies to trace redox-state 
of seawater evolution. In shale-normalized (PAAS) REE+Y 
diagrams, we observed similar patterns to modern seawater—
relative depletion of the light REE over the heavy REE. A 
negative Ce anomaly (Ce/Ce* < 1) is present in most 
carbonates, suggesting these carbonates were deposited in oxic 
marine environements. In addition, we find that some redox-
sensitive elements (normalized to Sr), such as Fe and Cr, are 
more depleted during times of more oxidized environments 
(e.g., Ordovician) compared to those in more anoxic 
environments (e.g., Proterozic) through Earth’s history.  
 
[1] Sahoo, S.K., Planavsky, N.J., Kendall, B., Wang, X., Shi, 
X., Scott, C., Anbar, A.D., Lyons, T.W., Jiang, G., 2012. 
Ocean oxygenation in the wake of the Marinoan glaciation. 
Nature 489:546-549. 
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20 trace elements in 264 zircons from 13 granitic rocks 
were measured using laser ablation-inductively coupled 
plasma-mass spectrometry (LA-ICP-MS). The trace elements 
in host rocks were determined using solution-ICP-MS. The 
average ratios of the trace element contents in zircons versus 
the contents in the host rocks (D) obtained in this study are:	  La 
0.02, Ce 0.32, Pr 0.06, Nd 0.13, Sm 1.06, Eu 0.92, Gd 6.81, Tb 
17, Dy 36.7 Ho 69.1, Er 113, Tm 172, Yb 255, Lu 310, Hf 
2752, Y 70.5, Nb 0.39, Ta 1.46, Th 16, U 224 and Hf 54321. 
These partition coefficients are comparable with published 
data (L.V.S.	  Nardi	  et	  al,	  2013)	  for	  Dy,	  Ho,	  Er,	  Tm,	  Yb,	  
Lu,	  Y,	  Ta,	  Th	  and	  U	  except	  for	  La,	  Ce,	  Pr,	  Nd,	  Sm,	  Eu,	  
Gd,	   Tb	   and	   Ta.	   The	   large	   difference	   between	   the	  
obtained	  and	  the	  published	  for	   light	  REEs	  may	  be	  
caused	   by	   apatite	   inclosures	   in	   zircons	   in	  
published	  data,	  which	   show	  no	  Ce-positive anomalies 
and	   relative	   less	   light	   REEs	   depletion	   in	   chondrite 
normalized REE plot of zircon grains. 
 

	  
 
Zircon/rock partition coefficients (D) obtained in this study 
(black line) and comparative value (grey line, L.V.S. Nardi et 
al, 2013) 
 
[1] L.V.S. Nardi, M.L.L. Formoso, I.L.Muller, E. Fontana, K. 
Jarvis, C. Lamarao, 2013. Zircon/rock partition coefficients of 
REEs, Y, Th, U, Nb, and Ta in granitic rocks: Uses for 
provenance and mineral exploration purpose. Chemical 
Geology 335, 1-7. 
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The DUPAL anomaly has been investigated in the 
Paleozoic Paleo-Asian oceanic sub-mantle and this anomaly 
can trace earlier to 370Ma, even to 570 Ma ago. Combine 
previous studies indicating the DUPAL mantle isotope 
signatures of Neo-Tethys and Paleo-Tethyan sub-oceanic 
mantle, suggest the DUPAL is the largest scale and longest 
existed isotopic anomaly in Earth’s mantle. We compile the Pb 
isotope data from Modern Pacific, Indian MORB, Neo-Tethys 
ophiolite (90-150Ma), Paleo-Tethyan ophiolite (190-350Ma) 
and Paleo-Asian ophiolite (300Ma-570Ma), to trace the 
isotopic evolution of the DUPAL mantle domain with time. 
Found a very interesting finding that there was a “DUPAL 
peak” existing during 300Ma-400Ma for both Paleo-Tethyan 
and Paleo-Asian mantle domains (Fig 1). Owing to the high 
temperature required for deep mantle plume or shallow mantle 
of SCLM delamination to produce the extreme DUPAL peak, 
we suggest the “DUPAL peak” probably related to a certain 
ancient thermal event during 300Ma-400Ma of earth’s history.  

 

 
Figure 1: the Pb △7/4 and △8/4 evolution with the time 

 
Acknowledgement: This work is supported by NSFC 
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Innovation Project of Guangxi Province (to Xu JF) and Lijiang 
Scholar Innovation Project of Guilin (to Xiong B). 
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The South China tectonic block (SCB) is bounded to the 

north by the Qinling-Dabie orogenic belt, and to the west and 
southwest by the Tibetan and Indochina blocks. The late 
Paleozoic mafic rocks (diabase and basalt) in the SCB are 
concentrated in the southwest region (western Guangxi) of the 
block, also called as Guixi, a special transitional zone where 
influenced by the eastern Paleo-Tethyan tectonic regime in the 
early Paleozoic to being influenced by the paleo-Pacific 
tectonic regime in the late Mesozoic. Specially, economically 
significant gold mineralizations in Guixi are genetically 
associated with mafic rocks. However, the causes of 
magmatism and related gold deposit tectonic background  in 
Guixi during the late Paleozoic to early Mesozoic are strongly 
contested. Two drivers have proposed: influenced by the 
Paleo-Tethyan oceanic plate subduction or Emeishan mantle 
plume. 

We combine the new geochemical data of Guixi ore-
bearing and barren mafic rocks with previous results to show 
that the geochemical characteristics of the bulk of mafic rocks 
range from calc-alkaline arc basalt-like to tholeiitic enriched 
mid-ocean ridge basalt (E-MORB)-like and alkaline ocean 
island basalt (OIB)-like. Their trace element concentration 
patterns range from depleted to enriched, especially Ti, Nb and 
Ta from depleted arc-like to enriched OIB like, indicating a 
subduction-influenced to plume origin. Owing to the Guixi 
located in the outer zone of Emeishan flood-basalt province, 
we suggest the ore forming events and related magmatism 
were probably related to the Paleo-Tethyan oceanic plate 
subduction interaction with Emeishan mantle plume. 
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Cu is an important ore-forming element. Modelling the 

enrichment or depletion of Cu in a magma depends on accurate 
Cu partition coefficients between mafic minerals, magnetite 
and intermediate-felsic melts if sulfide is absent (e.g. at high 
oxygen fugacity conditions). We determined Cu partition 
coefficients (DCu

mineral/melt) between olivine, opx, cpx, garnet, 
amphibole, magnetite and intermediate-felsic melts, using 
Pt95Cu05 alloy capsules as Cu source, which avoid the problem 
of Cu loss into noble metal capsules. The experiments were 
conducted in piston-cylinder presses with mafic –felsic starting 
compositions at 0.5–2.5 GPa, 850–1100℃ and oxygen 
fugacity ranging from FMQ-1 to FMQ+5.               

The results show that Cu is incompatible in all the studied 
silicate minerals, with partition coefficients ranging from 0.11 
to 0.20 for olivine, 0.12-0.24 for orthopyroxene, 0.02-0.45 for 
clinopyroxene, 0.01-0.06 for garnet, and 0.04-0.13 for 
amphibole. Cu is moderately incompatible to slightly 
compatible in (Ti-bearing) magnetite, with partition coefficient 
ranging from 0.17-1.67. Generally, measured DCu values for 
each mineral are higher in felsic melts compared to in 
intermediate melts, which is consistent with the lower Cu 
solubility in more felsic melts. The DCu

cpx/melt increases with 
increasing Na2O content in cpx, and the DCu

magnetite/melt increases 
with increasing Fe3+ in magnetite. 
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The investigation area is a lead and zinc rich basin valley 

in north Gongdong, with a metallurgical plant located at 
upstream. A total of 21 samples include water, soils, dusts, 
rice, local human hairs, etc were collected. The heavy metals 
elements Cd, Cu, Pb, Zn, Ni, Cr, As and Hg were analyzed by 
ICP-MS, ICP-OES and HG-AFS. 

The results show that the main mineralogical composition 
elements Cd, Pb, Zn, As and Hg in all soil samples have very 
high positive anomaly. In part of the soil samples, elements 
Cd, Pb, Zn, As are exceeded the National Soil Quality 
Standards (GB15618-1995). The maximum concentration of 
Cd in soil sample is 9.6μg/g, which is more than 9 times than 
the standards.  Pb, Zn, As are 3-5times in exceed of standands. 
From the metallurgical plant to the distant, elements Cd, Pb, 
Zn, As, Hg present a trend of declining. And the depth profile 
analysis for surface soil beside a pond which is 4km from the 
metallurgical plant shows that the main metallogenic elements 
are richer at the depth of 0.2m than at the depth of 0.8m. Dust  
samples from the building’s roof contain more heavy metals 
than the soils. The average concentration of Cd in the dust is 
58.05μg/g, which is 16.64 times greater than in the soil. Cu, Pb 
and Zn have high positive anomaly in part of the river and pool 
water samples. Rice and local human hair samples of natives 
contain great concentrations of Cd, Pb, As.  

Through this investigation, we believe that this area is 
suffering seriously heavy metals pollution because of the 
mineral resources exploitation. The main pollution elements 
are the mineralogical composition elements, especially, Cd is 
more serious than the other elements. These elements could 
damage human’s health through water, air and food (rice). 
Therefore, the emission of slag, waste gas, waste water and 
dust is urgent need to be changed and controlled. 
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The unconventional mining technique of in-situ leach 

(ISL) has been applied in the uranium recovery worldwidely 
since 1960’s[1]. Now acid in-situ leach is widely used in sand 
stone uranium ores in China with low cost and less workforce. 
With the increasing of low-grade uranium ores, uranium 
recovery decreased greatly. In-Situ bioleaching is becoming a 
prefered technique to solve the problems. Microbial diversity 
is one of  the key issues for the commercial application.  

Taking an In-Situ bioleaching test in a uranium deposit as 
an example, several strains of acidophiles such as 
Athidithiobacillus sp.， Leptospirrillum ferrooxidans, 
Sulfobacillus sp. and Acidimicrobium sp. were isolated from 
the leachate, raffinate and minerals of bore holes by 4 selective 
media, purified by agrose double layers plate and identified by 
16S rDNA PCR and sequencing. Plates culture showed that the 
dominant bacteria in the leachate were A. ferrooxidans and L. 
ferrooxidans at the first period of bioprocess when no organic 
substances accumulation. With the process carried on, 
facultative heterotrophiles in leachate increased for the 
biomass accummulated with raffinate recycled. And with ferric 
ion concentration increased in the oxidation tanks, L. 
ferrooxidans became the dominant bacteria than that of A. 
ferrooxidans.  

As a consequence, the cultureable acidophilies are more 
divers in the In-Situ bioleaching system and the acidophilic 
communities changed with processing and the leaching factors, 
such as temperature, pH value, Eh value and chemical 
components (Fe2+/Fe3+). This study will provide a basis for the 
acidophilic distribution, improvement of the oxidation activity 
and bacteria regulations in the processing of uranium In-Situ 
bioleaching. 
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Impact glass provides clues on the chemistry of the 

impactor as well as the target rock. Recents studies 
demonstrated that howardits contain low-K and high-K impact 
glasses (e.g., Barrat et al, 2009; Singerling et al, 2013).  The 
high-K glasses are uncommon, and are proposed to be derived 
by melting a K-rich lithology (indigenous rock), which has not 
been sampled by metoerites, nor observed by the DAWN 
mission.  On the other hand, the low-K impact glasses in 
howardites display 40Ar-39Ar ages of 4.1 to 3.3 Ga, starting 
from the late heavy bombardment era (Cohen, 2013 and 
references there in).  These ages were used to argure an 
episode with higher (>10 km/s) than normal (~5 km/s) impact 
velocity at Vesta, in order to generate the melt and reset the 
40Ar-39Ar clock.  This episode may be induced by the cometary 
flux of the Nice model or from the Main Belt itself (Cohen, 
2013; Marchi et al, 2013).  To constrain this, I examined the 
data in the literature on impact glasses (Barrat et al, 2009; 
Warren et al, 2009; Singerling et al, 2013).   

Low-K glasses reported in the literature define a trend in 
Ni – Co space parallel to the chondirtic one.  The Ni and Co 
abundances in low-K glasses are 184 – 1200 ppm and 42 – 300 
ppm, respectively, much higher than those in eucrites andn 
diogenites (Ni <155 ppm; Co <40 ppm).  The Co/Ni 
correlation in low-K glasses also differs from those in pristine 
metals in HED, which was suggested to contain more Co at a 
similar Ni content (Hewins, 1979).  

The high-K glasses also define a trend in Ni/Co space 
parallel to chondirtic one, but contain much lower Ni and Co 
contents of 12 – 175 ppm and 2 – 31, resepctively. The Ni 
abundances are comparable to diogenites, but higher than 
eucrites.  The Co contents range from those similar to 
diogenites to the lowest Co in an igneous eucrite, Nuevo 
Laredo. 

These observations corroborate with the suggetion of 
Barrat et al (2009), that high-K impact glasses are mainly 
derived from K-rich indigenous rocks.  The data of low-K 
glasses suggest they contain large chondritic inputs. Together 
with the age data, these observations suggest that the proposed 
high-velocity episode at 4.1-3.3 Ga was likely caused by 
chondritic impactors from the leftover planetesmals. 
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Hafnium (Hf) content and its change are of important 

significance in study of geochemistry; however, the 
determination of hafnium has always been a difficult point in 
analytical chemistry. In this paper, a new idea was proposed 
for determination of hafnium in geochemical samples 
including rocks, soils and stream sediments. Through 
comparison of two conventional open-type acid digestion 
methods (HF-HNO3-HClO4 method and HF-HNO3-H2SO4 
method), it was found that although both of these two methods 
could not fully digest the zirconium (Zr) and Hf in a sample, 
the Zr and Hf digestion behaviors were consistent in the 
experimented 60 geochemical reference materials with 
different properties, so the determined Zr/Hf ratio dissolved in 
solution could be used to calculate the Hf content in a sample. 
In addition, the possible mass spectral interferences during 
determination of Zr and Hf by high resolution inductively 
coupled plasma mass spectrometry (HR-ICP-MS) were 
studied, and the mass spectral interferences of the selected 
isotopes 90Zr and 178Hf could be neglected; the mass spectral 
behaviors of 90Zr and 178Hf were also very consistent during 
determination by HR-ICP-MS. Since the Hf content was 
calculated using the Zr/Hf ratio, all of the errors of weighing, 
the accidental errors during operation and the instrument 
fluctuation in determination could be effectively reduced and 
even could be eliminated. The standard deviation was lower 
than 3.0%, and the detection limit was 0.003 μg/g of the 
method, which was suitable for determining Hf content in 
geochemical samples. 

 
Keywords: Hafnium; zirconium; Zr/Hf ratio; geochemical 

samples; HR-ICP-MS. 
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A method for the accurate determination of mercury 
content in gas condensates is of important significance in the 
application of condensates. In this paper, we established a 
simple and rapid method for the determination of mercury in 
gas condensates using inductively coupled plasma–mass 
spectrometry (ICP-MS). We studied the effect of experimental 
conditions for mercury (including extraction reagent, sample 
mass, extraction time in water bath, and membrane filtering 
treatment) on the determination results. For the sample 
pretreatment method we selected a sample mass of 1.00 g, 
added 10 mL of aqua regia, and placed it in a boiling water 
bath for 1 h; samples thus prepared were used for the 
determination of mercury in gas condensates. After hydrophilic 
membrane filtering, 3% nitric acid (HNO3) was employed to 
dilute to 10 times and the ICP-MS determination was 
conducted. For this method, the limit of detection was 0.4 ng/g, 
the relative standard deviation range was from 2.8% to 5.4% 
for the determination of samples of different natures, and the 
standard addition recovery rate was 90.2%–98.8%, which 
shows the method was stable and reliable. 

 
Keywords: Gas condensate; mercury; ICP-MS; 

determination. 
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The Jilong deposit, located in the central part of the 

‘Sanjiang’ orogenic belt of the northeastern Tibetan plateau, is 
a delegate of those sediment-hosted vein type Cu deposits in 
this belt. The Cu mineralization in this deposit is produced as 
quartz-carbonate-sulfide (chalcopyrite or tennantite) veins and 
the ore bodies formed along a facies transition between clastic 
rocks and limestones in the Early Carboniferous. 

Fig. 1 Diagrams of Salinity vs. homogenization temperature (a) 
and δD vs. δ18O of ore-forming fluid in Jilong deposit (I, II, 
and III from [1], [2] and [3], and [4], respectively.) 

 
In Jilong Cu deposit, the ore-forming fluid presents middle 

temperature and low salinity, which are different from those of 
MVT-like Pb-Zn and porphyry Cu deposits also formed in this 
belt (Fig. 1a); The value of δDV-SMOW is with big fractional 
distillation and the δ18OV-SMOW is with small fractional 
distillation, together of which indicate the ore-forming fluid is 
derived from some magmatic hydrothermal fluid which has 
undergone degasification in open system (Fig. 1b); The Sm-Nd 
isochrone age of calcite from ore-forming stage is about 34Ma, 
which is similar to potassic magmatic activities in this belt. 

In conclusion, the ore-forming fluid of Jilong Cu deposit 
probably came from the potassic magmatic hydrothermal fluid 
undergone degasification in open system and this kind of fluid 
formed a new kind of deposits like Jilong in ‘Sanjiang’ 
orogenic belt in Tibet. 

This work was supported by grants (Contract No. 
2011CB403104, J1314, 41320104004 and IGCP/SIDA 600). 
 
[1] He et al (2009) Ore Geology Reviews 36, 106-132. [2] Nan 
et al (2005) Xinjiang Geology 23, 373-377. [3] Xie et al 
(2005) Acta Petrologica Sinica 21, 1409-1415. [4] Taylor 
(1974) Economic Geology 69, 843-883. 
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Oil shale is a kind of organic solid mineral resource which 
contains highly ash contents (> 40%). The earth contains 

abundant oil shale resources,but the traditional development of 
oil shalecosts high and brings secondary pollution problems. 
Based on this,we studied the possibility and efficiency of 
applying microbiologyin shale oil extraction which is 
environmentally friendly. Oil shalesamples are taken from a oil 
shale mine in Huadian, China. Threestrains which could 
extract oil from oil shale by generatingsurfactant have been 
found in oil mud. The extract efficiency ofthe mixed inocula 
RH could be up to 60.60% at 5d. 4domestication conditions 
including carbon sources, nitrogensources, pH and temperature 
are proved to influence the oilextractionresult. The best 
parameter of these 4 conditions havebeen determined. After 
the experiment of simulation conditions,here are conclusions: 
(1)the best vaccination is 5% and thecorresponding efficiency 
is 50.83%; (2)the best solid-liquid ratiois 2:10, and the 
extraction efficiency is 60.62%; (3)the bestoptimum particle 
size is 100 mesh, and the efficiency is 60.60%.At last, we set 
an ectopic extraction simulation in order to trackingchanges of 
pH, OD and extracting efficiency over time and testingthe 
stability of RH in industry application. This research providesa 
revolutionary idea of developing potential energy resource and 
the surfactant generating microorganism in oil have been 
studied.
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W. H. King (1984) and Y. Fujii et al (1989) first noticed an 

anomalous isotope effect and called it as the nuclear volume 
effect (NVE). The NVE is an isotope fractionation driving 
force caused by differences in nuclear charge density, nuclear 
size and nuclear shape of isotopes, especially for heavy 
elements. Bigeleisen (1996) first calculated the NVE for U 
isotopes. Later, tremendous efforts have been made on 
checking the NVEs of isotope systems including Mo, Zn, Cr, 
Ni, Te, etc., by Dr. Toshiyuki Fujii and his co-workers. By 
using quantum chemistry calculation methods, Schauble (2007) 
also showed that NVE could affect isotope fractionations of 
some heavy elements (e.g., Hg, Tl) to astonishing degrees [1] 
and he extended such calculation to solids (Schauble, 2013).  

Hg isotope system is a very unique one. It shows not only 
odd number mass-independent fractionations but also even 
number mass-independent fractionations [2,3]. The mechansim 
of the Δ200Hg mass-independent fractionation is still not clear. 
Here we provide a NVE investigation on mass-independent Hg 
isotope fractionation using full-electron relativistic quantum 
mechanics calculation. Dirac 13.1 software package is used for 
this study. We find that the NVE can cause mass-independent 
Hg isotope fractionations for both odd and even number cases. 
However, the degree of the Δ200/198Hg mass-independent 
fractionation is quite small. The figure at below shows the 
results (relative to elememtal Hg). Our results can only explain 
part of Δ200Hg data but not those large MIF Hg data found 
recently (e.g., [3]). Our data generally agree with the 
experiments of Ghosh et al (2008, 2013) [4]. 

 

 
 
[1] Schauble (2007) GCA, 71, 2170-2189. [2] Gratz et al (2010) 
EST, 44, 7764-7770.  [3] Chen et al (20123) GCA, 90, 33-46. 
[4] Ghosh et al (2013) Chem. Geol., 336, 5-12. 
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Lithium (Li) is particularly useful for diffusion 
geospeedometry in volcanology, because of its exceptionally 
fast diffusivity in minerals and melts, giving access to 
processes that operate on time scales of seconds to years. The 
application of the Li speedometer is currently hampered by the 
restricted number of available experimentally determined 
diffusion data. In this study, Li diffusivity and diffusion-driven 
Li isotope fractionation in natural high-Ca clinopyroxene were 
experimentally determined as a function of T, ƒO2, and 
crystallographic orientation. An evacuated silica-glass tube 
containg a sample capusle with orientated single-crystal Cpx 
embedded in a solid Li source (spodumene powder) and 
another capsule filled with solid oxygen buffers was heated at 
0.1 MPa using a Deltech furnace. The chemical and isotope 
profiles of Cpx run products analyzed by SIMS can only be 
fitted by the multi-species diffusion model proposed for olivine 
by [1]. At the NNO buffer, Li concentration profiles display 
step-like shapes rather than simple error function-like patterns. 
Li isotope profiles show gradually decreasing trends at the rim, 
and dramatically jump back to the initial value closer to the 
crystal core. Our model simulations show that a high 
abundance of initial vacancies under oxidizing condition best 
explains the observed patterns. For these runs, the Arrhenius 
parameters obtained for interstial Li diffusing parallel to the c-
axis at 800–1100 ºC are: D0 = 3.7 × 10-5 (m2/s) and EA = 294 
(kJ/mol). We obtained a similar D0 but higer EA than the values 
reported by [2]. The Li concentration profiles at the IW buffer 
are significantly different from the patterns observed at NNO, 
suggesting that Li diffusion in Cpx is rather sensitive to 
oxygen fugacity. For the reducing condition, high Li 
diffusivity and low vacancy concentration at the boundary are 
required to fit the observed patterns. Our results show that Li 
diffusivity is anisotropic, with the fastest transport along the c-
axis and the slowest diffusion along the a-axis. Interestingly, 
the isotope fractionation parameter (β) obtained along the c-
axis is 0.25, while a smaller β value of 0.20 was obtained for 
diffusion parallel to the b- and a-axes. 
 
[1] Dohmen et al (2010) GCA, 74: 274–292; [2] Coogan et al 
(2005) EPSL, 240: 415–424. 
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The most favorable reservoir of the Longmaxi Formation 

shale has been identified as the graptolite rich black 
shale( >20M thick) at the bottom of the Longmaxi Formation. 
It is also the highest quality source rocks. The graptolite rich 
black shale contains 1.51% to 6.75% of organic carbon 
(TOC).The organic matter is overmature,with Ro 2. 0% ～ 3. 
6% and dominated by typeⅠ-kerogen and II-kerogen. The total 
content of three brittle minerals: quarta,feldspar and carbonats 
to over 50%.The formations are generally rigid. These 
conclusions come from changes in the test results of reservoir 
rocks samples from the Lower Silurian Longmaxi Formation 
are summarized on the basis of 11 field outcrop section and 20 
exploration wells mainly located the southern Sichuan 
basin.The maturity of organic matter similar to the Arkoma 
basin Fayetteville shale in USA (Ro=1.2% ~ 4.2%, the main 
producing areas of Ro=2.0% ~ 3.5%).Also they have similar 
organic types and abundances than Fort Worth basin Barnett 
shale in USA. 

Through geochemistry analysis include trace elements and 
TOC in Longmaxi Formation rocks, most of the value 
(V/Cr,Ni/Co,V/(V+Ni), U/Th, AU,δU and 
TOC) performance are gradually decreases upward from the 
bottom(Fig.1). 

 
Fig1. Picture shows the changes in the value of trace elements 
and TOC from the Longmaxi Formation. 

 
The value of the graptolite rich black shale in bottom of 

Longmaxi Formation is largest, and expressed as a anoxic 
reduction environment. This environment is conducive to the 
enrichment and preservation of high-quality source rocks.  
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It is well established that the adsorption capacity of 
goethite (α-FeOOH) per m2 increases progressively with 
decreasing specific surface area (SSA, determined by N2-
adsorption), below ca. 80 m2/g. For example, the maximum 
adsorption of chromate increases three-fold as SSA decreases 
from 94 to 50 m2.g-1 [1].  In order to quantitatively model the 
site adsorption capacity, the exact nature of the crystal face 
orientations, their relative surface areas, the population of 
reactive steps present on the faces, and the degree of 
agglomeration of crystals during the adsorption experiment 
must be known. To this end, detailed electron microscopy 
observations were made on a suite of synthetic goethites with 
SSA ranging from 40 to 100 m2.g-1. All goethite crystals 
studied were elongated along the b-axis (Pnma setting). 
Atomic resolution transmission electron microscopy (TEM) 
and Scanning TEM determined that on the goethite prism faces 
there were significantly more {210} steps on large (40 m2.g-1) 
goethite crystals than on small (100 m2.g-1) crystals. The {210} 
steps (on tips and prism face steps) have more than double the 
reactive site density of {101} or {001} prism faces. This 
makes the 40 m2.g-1 sample considerably more reactive. In 
addition, oriented attachment of the prism faces observed by 
TEM increases the tip to prism face surface area ratio. 
CryoTEM of goethite in suspension will determine the extent 
of oriented attachment that occurs during adsorption 
experiments. Taken as a whole, an increase in reactivity of 
large goethite crystals may be explained by a combination of 
rough prism faces and an increase in tip:prism surface area. 
Therefore, habit, surface step population and in vitro 
agglomeration need to be considered when modeling 
adsorption capacity. 
 
[1] Villalobos & Pérez-Gallegos (2008) J. Colloid Interface 
Sci. 326, 307-323.  
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Patches of a thin black crust has been observed on 

sandstone buildings in the US and in the United Kingdom. 
This has been attributed to sulfur dioxide air pollution attack 
similar to the black gypsum crusts that have been observed on 
limestone and marble. 

A nondestructive investigation of the dark crust was made 
using portable XRF on two areas of the Seneca sandstone of 
the Smithsonian Castle. For comparison, measurements were 
also made on two adjacent areas without the crust. For each 
area 5 points along a horizontal traverse were measured at 
spacings of 2.54 cm. The Mn Kα peak at 5.88 keV was 
normalized by the Fe Kα at 6.40 keV to compensate for 
geometrical effects. The resulting Mn/Fe ratios versus traverse 
distance are plotted in Fig. 1. The ratio typically fell in the 
range of 0.58 to 1.4 for the encrusted areas, while it was less 
than 0.05 for the bare areas. This high degree of Mn 
enrichment is typical of desert varnish on sandstone, which is 
microbial in origin [1]. 

Examination of cross-sections of the crust using SEM EDS 
revealed a thin layer of LC, but no sulfur. XRD analysis did 
not show any crystalline structure. 

The prelininary conclusion is that the Mn-enriched crusts 
on the  sandstone are not anthropogenic, but rather microbial.  

 
[1] Dorn & Oberlander, (1981). Science 213, 1245-1246  

 
 
 
 
 

Figure 1: Plot of MN/Fe ratio XRF data as a function of 
traverse distance 
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Carbonate ‘clumped’ isotope thermometry has been widely 
used to reconstruct climate, altitude, vertebrate body 
temperatures, and other low temperature phenomena, but few 
studies have explored its behaviour in higher temperature 
diagenetic and (particularly) metamorphic environments.  Here 
we report the results of an investigation of the apparent 
temperatures recorded by clumped isotope compositions in 
coexisting calcite and dolomite in marbles from the Notch 
Peak contact aureole, UT. Here, flat-lying upper Cambrian 
limestones were intruded by a Jurassic quartz monzonite 
pluton, producing marbles that decrease in peak metamorphic 
grade with increasing distance from the pluton.  

Apparent temperatures for calcite are never greater than 
~150˚C, even in portions of the aureole that saw peak 
metamorphic conditions in excess of 500 ˚C. This result cannot 
be reconciled with experimental constraints on rates of isotopic 
re-ordering in calcite unless the background temperature (i.e., 
long after the intrusion cooled) was close to this measured 
value. E.g., a background temperature even 25 degrees lower 
should have led to preservation of apparent temperatures of 
200+ ˚C. When this model result is combined with structural 
constraints on the depth of the analysed strata (6 km, prior to 
exhumation by Tertiary block faulting), it implies a geothermal 
gradient of 20-22 ˚C/Km between the Jurassic and Tertiary.  

Apparent temperatures for dolomite from outside the 
metamorphic aureole are also on the order of 150 ˚C, but jump 
sharply higher to ~300 ˚C throughout the region within 2 km of 
the intrusion. This is consistent with dolomite having exceeded 
and then cooled back through a blocking temperature of 300 
°C within the aureole, and recording background 
diagenetic/burial metamorphic conditions (either before or 
after pluton intrusion) at greater distances. Thus, the ‘jump’ in 
dolomite apparent temperatures documents the location of the 
~300 ˚C isotherm associated with intrusion. We are currently 
conducting laboratory studies of the kinetics of reordering in 
dolomite so that these data can be interpreted in more detail as 
constraints on temperature-time history. 

Fractionations of C and O isotopes between calcite and 
dolomite exhibit a remarkably consistent relationship to 
distance to the intrusion and clumped isotope temperatures, 
which can be interpreted as a reflection of differences in 
blocking temperatures between the homogeneous clumped 
isotope equilibria and the heterogeneous isotope exchange 
equilibria.  
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Laser ablation split-stream (‘LASS’) is a technique that 

allows for the simultaneous analyses of different geochemical 
systems in mineral samples using two or more mass 
spectrometers [1]. This allows geochemical information 
collected by the different instruments to be determined from 
exactly the same ablation volume, avoiding the assumption 
that serial analyses of neighbouring sites are not affected by 
heterogeneity (chemical zonation). Further, sample throughput 
can also be increased. 

An important application is the determination of the 
complementary isotopic systems of Lu-Hf and U-Pb (age) 
which can be determined from the mineral zircon using 
MC-ICP-MS and SC-SF-ICP-MS respectively, e.g. [2]. Fisher 
et al 2014 [3] illustrate the advantages of LASS with respect to 
interpretation of Hf isotopes, where sequential analysis can 
lead to incorrect U-Pb age assignment. 

In this research, the ablation output from a Photon 
Machines Analyte.G2 193 nm laser ablation system (Bozeman, 
MT, USA) was split between a Thermo Scientific 
NEPTUNE Plus MC-ICP-MS and an ELEMENT XR 
SC-SF-ICP-MS (Bremen, Germany). A simple, reproducible 
and reliable two-way split was made to the laser cell output. 
Both mass spectrometers were configured for enhanced 
sensitivity [4], enabling smaller spot sizes (25 - 35 µm) to be 
used for ablation (with 2σ precisions at epsilon unit level for 
Hf, and ca. 2% for U-Pb). This reduction of spot size allows 
analysis of mineral grains that would otherwise be excluded 
due to size (increasing population sample size and 
representativity). 

 
[1] Kylander-Clark et al (2013) Chemical Geology, 345, 99-
112. [2] Tollstrup et al (2012) Geochemistry, Geophysics, 
Geosystems, 13 (3), 1525-2027. [3] Fisher et al (2014), 
Geochemistry, Geophysics, Geosystems, article in press. [4] 
Lloyd et al (2012), Mineralogical. Magazine, 76, 2029. 
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We present evidence for exsolution of magnesian 

carbonatitic and sulfidic melt from a highly evolved silicate 
melt. All three melts are trapped as inclusions in green cores of 
clinopyroxene from a basanitic volcano located on the northern 
shoulder of the Eger Graben near the Czech-German border. 

Green-core clinopyroxenes (cpx) are common as xeno- or 
megacrysts in primitive alkali basalts and may show 
considerable chemical variability. They may have different 
origins but are usually considered to have crystallized from 
evolved magmas due to the typically low Mg# = molar 
Mg/(Mg+Fetot). In our samples the Mg# in cpx is between 0.4 
and 0.6. The silicate melt inclusions are alkali-rich (9-14 wt.%) 
and contain 50-55 wt.%  SiO2, placing them in the tephri-
phonolitic and phonolitic fields. The Mg# in the melt 
inclusions is typically below 0.1. The general composition of 
the melt inclusions is similar to tephri-phonolite and phonolite 
volcanoes from the area with the exception of somewhat 
higher Fe contents. Carbonatitic melt droplets with 
predominantly magnesitic composition and typically less than 
5% calcium carbonate component are found as inclusions in 
the silicate melt inclusions. The textures indicate that both 
phases were simultaneously trapped in liquid state together 
with minor amounts of a third melt of sulfidic composition. 
The heterogeneously trapped multi-phase inclusions suggest 
that exsolution of the three melts took place simultaneously 
with rapid growth of cpx, suggesting that the exsolution may 
have been the driving force for reaching cpx saturation. 

Rare earth element partitioning between the silicate melt 
and the  cpx are used to test chemical equilibrium between the 
two phases. Cpx-melt pairs are then used for thermobarometry 
to constrain the depth of formation of the green-core cpx and 
the carbonatite exsolution. We propose a simple two-step 
model involving formation of a highly evolved magma at 
depth from which carbonatite exsolves and cpx crystallizes and 
subsequent uptake of these phenocrysts by a more primitive 
magma which serves as a mode of transportation to the 
surface. 
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The bulk of the organic matter (OM) in many organic rich 

rocks is amorphous and physically associated with clay 
minerals at nanometer scales. This contrasts with the OM 
evident in sediment traps that arrives  at the sea floor 
consisting mainly of µm-scale organic detritus. The 
transformation of particulate µm-scale OM into the mineral 
associated fraction is a key process for long term storage in the 
geological record yet is poorly understood.  

Heteroprophic microbial reprocessing of OM in the water 
column and sediment is a possible mechanism for both 
reducing OM size and combining it with minerals. Microbes 
not only break down and resynthesize OM, they utilize 
oxidized elements in clays as electron acceptors during 
respiration and actively attach to mineral surfaces [1], 
constructing favorable microenvironments by gluing clay 
particles together with extracellular polymeric substances 
(EPS), forming biofilms. While living microbial biomass 
decreases sharply with sediment depth, microbial necromass 
and EPS remains in close association with clays.   

Past studies using geochemical tools to identify 
compounds specific to prokaryotes have exploited the 
isotopically distinct signature of certain autotrophic 
prokaryotes for quantification, demonstrating that the 
contribution of autotrophic prokaryotic carbon to sedimentary 
OM is minor [2]. However, this approach cannot determine the 
mass of OC associated with heterotrophic microbes, along with 
the extensive EPS networks they produce, because 
heterotrophic biomass is not sufficiently isotopically distinct 
from its feedstock. 

The characteristic biofilm morphologies observed in 
modern settings are commonly preserved in ancient sediments. 
High resolution SEM and FIB-SEM images of OM-rich, 
immature sediments from the Miocene Monterey Formation 
(California) show that (A) most OM is amorphous and 
dispersed through the sediment in sub-micron association with 
clay minerals, and (B) OM is characterised by porous, 
honeycomb-like structure analogous to modern microbial 
biofilms. These findings imply that the bulk of OM in the 
Monterey Fmt was microbially reprocessed, resulting in the 
observed clay-organic association and facilitating preservation 
of OM through burial and diagenesis. 

 
[1] Dong et al (2009), American Mineralogist 94, 1505–1519. 
[2] Hartgers et al (1994). Nature, 369, 224–227. 
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The geological record is punctuated by intervals of 

widespread organic carbon (OC) enrichment known as Ocean 
Anoxic Events (OAEs). These are intensively studied because 
they source the majority of commercial hydrocarbons as well 
as recording carbon burial mechanisms and feedbacks not 
evident today but characteristic of greenhouse oceans. The 
origin of OC enrichment in OAE sediments is commonly 
attributed to increased primary production and/or enhanced 
preservation due to bottom-water anoxia. Here we show that 
high but variable OC concentration in the late Cenomanian 
aged OAE2 at Demerara Rise was controlled by co-occurrence 
of anoxic bottom-water, sufficient productivity to saturate 
available mineral surfaces and variable deposition of high 
surface area detrital smectite clay. 

Redox indicators show consistently oxygen-depleted 
conditions, while a strong correlation between OC 
concentration and sediment mineral surface area (R2=0.92) 
occurs across a range of TOC values from 9-33%. X-ray 
diffraction data indicates intercalation of OC in smectite 
interlayers while electron microscopy, synchrotron infrared 
and X-ray microscopy show an intimate association between 
clay minerals and nano-scale OC. This is consistent with 
preservation of OC as organomineral aggregates and 
nanocomposites rather than discrete, µm-scale pelagic detritus. 
The strong mineral surface area/TOC correlation indicates that 
excess OC relative to surface area is lost, so that we propose 
that it is the varying supply of smectite that best explains 
variable organic enrichment against a backdrop of continuous 
anoxia, which is conducive to generally high TOC during OAE 
2 at Demerara Rise. 

Smectitic clays are unique in their ability to form stable 
organomineral nanocomposites that preserve organic matter. 
They are common weathering products of continental volcanic 
deposits, and an increased flux of smectite coinciding with 
high carbon burial around OAE 2 is consistent with published 
evidence for widespread volcanism. 
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In freshwater environments, gas hydrates have to date been 

reported only from Lake Baikal (De Batist et al, 2002), the 
largest freshwater basin in the world. Known that the oxidation 
of methane in aerobic and anaerobic conditions carry out 
microorganisms (Valentine, Reeburgh, 2000). In Lake Baikal 
was proved presence of process of aerobic methane oxidation 
by methanotrophic bacteria (Hamsaraev, Zemskaya, 2000). 
Profiles of distribution curves of methane concentrations in 
deep water sediments at sites of discharge gas and oil fluids 
indicate talk about presence of process anaerobic oxidation of 
methane (AOM) (Egorov 2003). However, what 
microorganisms and electron acceptor is used for AOM in 
Lake Baikal. In process of AOM might be involved alternative 
electron acceptors (sulfate, iron (III), manganese (IV), nitrite 
and ammonium) (Zehnder, Brock, 1980; 1989; Valentine, 
Reeburgh, 2000; Conrad, 2009).  

High concentration these ions were detected in deep water 
sediments at sites of discharge gas and oil fluids on the Lake 
Baikal (Pogodaeva et al, 2012, 2013). Using fluorescent in situ 
hybridization with labeled oligonucleotide probes has 
confirmed the presence of groups ANME1 and ANME2. But, 
phylogenic analysis of 16S rRNA gene fragments of Archaea 
has not confirmed presence these groups. Among of Archaea 
was detected representatives Euryarchaeota 
(Methanomicrobiales and Methanosarcinales), Crenarchaeota 
and Thaumarchaeota. Baikal archaea have formed separate 
clade with archaea with not known metabolism. Among 
Bacteria was investigated phylum Planctomycetes. Baikal 
Planctomycetes are similar to bacteria participating in 
anaerobic ammonium oxidation and belonged to the 
phylogenetic cluster of the candidate species (ANAMMOX 
group) anaerobically oxidizing ammonium. However, the 
degree of similarity with the closest homologues was as low as 
90-97%, thus, indicating the relation of Baikal Planctomycetes 
to new, unknown taxa of this phylum. 

 
This work supported by the Integration Project No.82, the 

RFBR Grant No.13-04-00209a.  
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The relationship between cell size and genome size in 
animals is regarded as ubiquitous and has long been used to 
reconstruct the genome size of extinct animals.  A growing 
body of work indicates that the same relationship holds in 
vascular plants and that there is a particularly strong 
relationship between stomatal size (guard cell length) and 
genome size. The highly recalcitrant chemistry of plant 
cuticles results in high-fidelity preservation, offering the 
opportunity to examine changes in plant genome size through 
geological time and from these data infer how these changes in 
genome size have influenced plant evolution.   

This presentation will integrate experimental data with 
palaeobotanical data to elucidate the relationship between 
guard cell length and genome size.  This information will then 
be used to discuss key events in the evolution of vascular 
plants from a genome size perspective.  
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Sediment cores were obtained to better understand the 

spatial and historical loadings of trace inorganic (e.g., Hg, Pb) 
and organic (e.g., PCBs, PAHs) chemicals in a large region of 
the Great Lakes watershed. The project afforded the 
opportunity to collect vertical porewater chemical profiles in 
over 20 lakes. Lakes represent a range of landuse 
characteristics (e.g., urban, agricultural) and lake bottom 
conditions (e.g., oxic, cyclic oxic/anoxic). Samples were 
extracted from cores using a whole core squeezing system. 
They were imediately filtered, acidified and kept on ice until 
analysis (ICPMS). Thus, the concentrations are for total 
concentrations and not specific species (e.g., P not PO4). The 
overarching hypothesis is that if the porewater-sediment 
system is in steady state then 1) the vertical profiles of the 
dissolved redox sensitive species (e.g., Fe, U) should reflect 
patterns relative to those predicted from thermodynamic 
constrains and 2) non redox metals influenced by redox 
processes (e.g., Cu sorption on iron oxyhydroxides) should 
reflect patterns expected for sequestrate and release.  Early 
diagenetic conditions in lakes can great differ causing different 
profiles for the same element among lakes. For example As 
profiles can be consistent with the steady state hypothesis or 
follow those of Fe or Mn.  Profiles of certain elements (e.g., 
Fe, U, Cu) are often similar among lakes and consistent with 
the steady state process.  Diagenetic release of P appears to 
influence the mobility of elements (e.g., U through 
sequestration).  The relationship of porewater profiles to 
sediment profiles (e.g., formation of Fe enrichment layers) 
appears to be influenced by the stability of bottom oxidizing 
conditions. Although some similarities in the diagenetic 
patterns among lakes is evident, in general they are complex, 
and related to various environmental factors (e.g., bottom 
conditions, nutrient release). Diagentic release of metals (e.g., 
Pb, U) to the overlying water can be seen. Understanding the 
fate, magnitude, and relative imporance of environmental 
factors causing this release is needed.  
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Mesozoic igneous rocks are widely distributed in the 
Qinling-Dabie-Sulu orogenic belt, China. Either post-collision 
related or Paleo-Pacific plate subduction related has been 
proposed for a tectonic scenario of their formation. Here we 
report zircon U-Pb ages and geochemistry and Sr-Nd-Pb 
isotopes of Cretaceous dykes of intermediate to mafic 
composition exposed in the Sulu belt, to examine nature of the 
mantle source and evolution of the lithospheric mantle beneath 
the Sulu belt during the Late Mesozoic time. 

Geochemically, the dykes in the Sulu area belong to high-
K calc-alkaline to shoshonitic series. Zircon U-Pb dating 
constrains their emplacement time of 107 to 118 Ma. The 
mafic dykes are characterized by high MgO, Cr and Ni 
contents. In contrast, the intermediate dykes have relatively 
low MgO, Cr and Ni contents. Intermediate and mafic dykes 
all show enrichment in LILEs, LREEs and depletion in HFSEs, 
HREEs without significant Eu-anomaly. Both types of dyke 
have similar isotopic composition significantly with negative 
initial εNd values and high radiogenic 87Sr/86Sr ratios and less 
radiogenic Pb composition. Initial 87Sr/86Sr ratios and initial εNd 
values of the dykes keep unchanged with the changing Mg#, 
pointing to insignificant contamination of crustal material 
during the magma ascent. Based on the results, the mafic dykes 
were likely the products of partial melting of enriched mantle 
forming by the recycle of continental crust during the 
convergence between the South and North China blocks in 
Triassic. The contemporaneous intermediate dykes originated 
from more evolved magma(s), probably resulting from 
fractional crystallization of the parental magma(s). Partial 
melting might happen in a back-arc extensional setting caused 
by the Paleo-Pacific subduction. 
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Kerogen is the organic matter preserved in sedimentary 

rocks that is insoluble in organic solvents. Kerogen is 
comprised of a mixture of organic biomolecules and tends to 
be dominated by the polymeric components of cell walls and 
cellular membranes. These organic polymers can be detected 
and quantified using solid-state carbon-13 Nuclear Magnetic 
Resonance (13C NMR) spectroscopy.  Samples from a number 
of outcropping late Cretaceous mudstones  of the Eagleford 
Formation were chosen spanning a gradient of paleo-redox 
depositional conditions (oxic/suboxic to anoxic) and the bulk 
molecular character of kerogen was determined using 13C 
NMR. We will attempt to reconcile biomarker information 
obtained from gas chromatography/mass spectrometry analysis 
of the extractable lipids with the chemical composition of the 
kerogen to identify preservational biases caused by redox 
conditions. 
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Data on dissolved He (both concentration and isotope 

ratios) may well help in tracing the origin of fluids, 
investigating the relationship between deep fluids and 
groundwaters and evaluating tectonic and volcanic activity. 
Moreover dissolved gases are a useful natural medium that can 
be used to investigate gas–water interaction processes whether 
in volcanic systems or in seismic areas, especially when free 
gases cannot be collected. Since 1996 geochemical monitoring 
of 3He/4He ratio has allowed us on Etna to identify several 
episodes of magma migrations inside the plumbing system 
from the deep reservoir toward the shallowest one. Starting 
from 2006 we integrated information coming from peripheric 
free gases emanation sites with several dissolved gases sites in 
order to have a larger areal coverage. Selected springs and 
wells with 3He/4He ratios ranging from 4.7 to 6.7 gave us the 
same useful information coming from the peripheric free gases 
network. The simultaneous occurrence of isotopic variations at 
all the monitored sites would be indicative of an extensive 
involvement of the plumbing system during the degassing 
and/or refilling events.  

Decreasing 3He/4He with time is attributed to progressive 
magma degassing, while the increasing 3He/4He with time to a 
gradual replenishment of new volatile rich melts with a 
relatively high 3He/4He ratio.  
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Understanding the architecture of subterranean magmatic 

systems feeding volcanoes is critical for accurate interpretation 
of surface monitoring data and, ultimately, eruption 
forecasting. At El Hierro, Canary Islands, a first historical 
eruption took place ~2 km offshore from October 2011 to 
March 2012 after three months of precursory seismicity and 
ground deformation. We analyzed the composition of the bulk 
lava, matrix glass, minerals and melt and fluid inclusions of a 
set of samples erupted in 2011–2012. Our detailed petrological 
analysis reveals that at least two distinct magmas initially 
supplied from reservoirs in the mantle underwent hybridization 
at 15–25 km depth, i.e., also largely within the upper mantle 
beneath El Hierro. Diffusion chronometry applied to zoned 
olivine crystals indicates that magma mixing began during the 
period of pre-eruptive seismicity and continued at depth for 
weeks after the eruption onset. Our data also capture a magma 
stagnation level at 10–15 km depth in the lower crust, 
consistent with subhorizontal propagation of an intrusion over 
~15 km before rapid magma transit to the seafloor. The 
remarkable spatial and temporal correlation of petrological and 
geophysical data at El Hierro suggests that the observed 
seismicity records magma mixing and forceful intrusion, as 
well as subsequent reservoir dynamics. These results show that 
eruptions at El Hierro are controlled primarily by deep-seated 
processes, with little influence from shallow crustal levels, and 
have important implications for monitoring of renewed unrest 
at similar volcanoes elsewhere. 
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Despite the potential for branched glycerol dialkyl glycerol 

tetraethers (brGDGTs) to reconstruct temperature from lake 
sediments, we have a poor understanding of 1) autochthonous 
vs. allochthonous sources of brGDGTs in lakes and 2) the 
seasonality of and environmental controls on brGDGT 
production within lakes. To investigate the sources, 
seasonality, and controls on brGDGT production and 
distribution within lakes, we examined water column 
suspended particulate matter (SPM) and settling particles from 
a sediment trap collected on a biweekly to monthly basis over 
a period of three years at a small kettle lake in Vermont and 
compared these brGDGT data with those of catchment soils, 
river sediments, and lake surface sediments to constrain the 
relative importance of brGDGTs washed in from the landscape 
versus brGDGTs produced in situ.  We find significant 
differences in concentrations and fractional abundances of 
brGDGTs between catchment samples and lake sediments, 
indicating a mostly autochthonous source for lacustrine 
brGDGTs.  BrGDGT concentrations, fluxes, and fractional 
abundances in SPM vary over the course of the year, indicating 
that brGDGTs are produced throughout the entire year and 
respond to the physical and chemical properties of the water 
column.  The total annual flux of brGDGTs settling through 
the water column is comparable to the brGDGT accumulation 
rates in surface sediments, indicating that brGDGTs are mostly 
produced within the water column, not in the sediment itself.  
While brGDGTs are produced in all seasons within the water 
column, the flux to the sediments is highest during periods of 
spring and fall isothermal mixing, potentially biasing 
paleotemperature reconstructions towards mixing season 
temperature.  Because the seasonal timing and frequency of 
lake mixing varies as a function of regional climate, lacustrine 
brGDGT calibrations should be regional in nature and 
comprise lakes with similar mixing regimes. 
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We present measurements of a large suite of gas and 
particle phase carboxylic acid containing compounds made 
with a Filter Inlet for Gas and AEROsol (FIGAERO) coupled 
to a high resolution time of flight chemical ionization mass 
spectrometer (HR-ToF-CIMS) developed at the University of 
Washington.  The instrument was deployed on the Jülich Plant 
Atmosphere Chamber to study α-pinene oxidation, and 
subsequently at the SMEAR II forest station in Hyytiälä, 
Finland and the SOAS ground site, in Brent Alabama. We 
focus here on results from JPAC and Hyytiälä, where we 
utilized the same ionization method most selective towards 
carboxylic acids (acetate negative ion proton transfer). In all 
locations, hundreds of organic acid compounds were observed 
in the gas and particles and many of the same composition 
acids detected in the gas-phase were detected in the particles 
upon temperature programmed thermal desorption. Particulate 
organics detected by FIGAERO are highly correlated with and 
explain at least 25 – 50% of the organic aerosol mass measured 
by an AMS. The fraction of a given compound measured in the 
particle phase follows expected trends with elemental 
composition such as O/C ratios, but many compounds would 
not be well described by an absorptive partitioning model 
assuming unity activity coefficients. The detailed structure in 
the thermograms reveals a significant contribution from large 
molecular weight organics and/or oligomers in all regions. 
Approximately 50% of the measured carboxylic acid 
functionalities in the particle phase are associated with 
compounds having effective vapour pressures 4 or more orders 
of magnitude lower than commonly measured monoterpene or 
isoprene oxidation products. We discuss the implications of 
these findings for measurements of gas-particle partitioning 
and validation of SOA formation models. 
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Unconventional reservoir rocks have a 10-fold larger 

surface area than conventional sandstones due to clay minerals, 
fine-grained colloidal silica and carbonate ooze, and nano-
porous organic matter. Thermal maturation and diagenesis of 
each component lead to complex pore development history. 
Oil and gas generated by organic maturation migrate to form 
conventional petroleum accumulations. Expulsion efficiency 
and its control factors are poorly constrained. For example, 
hydrocarbon expulsion can lead to molecular and stable 
isotopic fractionation of the residual and expelled products.  

Kerogen porosity generated during maturation is poorly 
understood. It can be preserved if the kerogen is sheltered by 
load bearing minerals. Similarly, tactoid-level clay porosity is 
not affected by compaction, but it can be affected by 
interactions between electrically charged clay mineral surfaces 
and polar functional groups present in organic matter. 
Adsorption and absorption of hydrocarbon in various shale 
components affect storage and fluid flow. Maturation 
byproducts can occupy clay porosity in the early stages of oil 
generation. At high maturity, clay dehydration might occur due 
to loss or displacement clay-bound water. Organic functional 
groups preferentially adsorbed at clay exchange sites can 
replace clay bound water. Clay dehydration, with it, a change 
in cation exchange capacity will decrease porosity and increase 
resistivity.  

We present chemistry of stored fluids and the pore systems 
that host them in organic-rich Bakken source rocks of varying 
maturities. We have measured pore size distributions (PSD) 
and specific surface areas (SSD) in native state and after 
successive extraction of the rocks with solvents of increasing 
polarities. The PSD and SSA measured after each washing 
show an increase with every successive washing. Most 
significant is the recovery of clay-hosted pores with removal of 
hydrocarbons. With the highest polarity solvent, there is a 
significant collapse of pores. By comparison with pure clay 
end members, we find that clay-hosted pores in smectites 
collapse with solvents of high polarity. 
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In geologic carbon sequestration, anthropogenic-sourced 

CO2 is injected into a deep geologic reservoir for long-term 
storage. Olivines, pyroxenes and serpentines are among the 
silicates present in these formations and have high reactive 
potential for CO2-mineral trapping due to their abundance of 
divalent-cations. At injection depths, the CO2 will spread 
through the formation initially as a buoyant supercritical fluid 
that will solubilize small amounts of water (“wet” scCO2).  
Variably wet scCO2 has been shown to cause rapid carbonation 
reactions of silicate minerals, but little is known about the 
interfacial mechanisms controlling the unique chemistry in 
these supercritical fluid-mineral systems.   

In this study, we investigated the carbonation of a 
nanometer-sized synthetic forsterite using in situ high pressure 
infrared (IR) spectroscopy. Experiments were conducted at 
50°C and 90 bar by titrating water into a vessel containing 
forsterite and pressurized with either scCO2 or supercritical 
argon (scAr). Transmission IR measurements of the 
supercritical fluid phases allow quantification of water 
partitioned to the forsterite surface, and attenuated total 
reflection (ATR) IR spectra enable monitoring of water 
adsorption, mineral dissolution, and carbonate/silica 
precipitation reactions. Post-reacted samples were analyzed by 
ex-situ XRD, TGA, SEM, and FIB-TEM.   

Our results reinforce the concept of a minumum threshold 
in the adsorbed water concentration at which carbonation 
occurs.  Before ~5 monolayers of water, ATR IR spectra show 
that H2O and HCO3

- are primarily adsorbed inner-spherically 
to surface Mg2+. However, beyond this adsorbed water 
concentration, continuous carbonate precipitation takes place, 
and magnesite is the dominate product. Using evidence from 
novel experiments in scAr, we demonstrate that a dramatic 
change in water/metal/carbonate speciation beyond the water 
film threshold is the mechanistic trigger that enables the 
continuous carbonation reaction. 

This study provides important insights that will enhance 
modelling efforts designed to predict the fate and transport of 
subsurface stored CO2. More broadly, our results fill a major 
scientific knowledge gap concerning interfacial chemistry in 
thin water films and mineral reactions in high-pressure fluids. 
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Growing demand for electric energy requires an expansion 
of current electrical power production in many countries of the 
world, involving an increasing demand of nuclear power. 
Safety and efficiency of nuclear power plants propels research 
and development in this field to grow to further increase. 
Neutrons can be used to study a wide range of problems 
related to these efforts, providing a unique probe ranging from 
crystal chemistry of nuclear fuels to engineering diffraction on 
structural materials used in nuclear reactors. Recent advances 
in neutron detection opened up new capabilities of material 
characterization using neutron imaging with unparalleled 
opportunities particularly for nuclear materials, where heavy 
elements (e.g., uranium) need to be imaged together with light 
elements (e.g., hydrogen, oxygen). The inherent sorting of the 
neutrons at a pulsed source by their energy allows examination 
of samples by selectively setting the contrast on isotopes (via 
neutron resonances) or crystal structures (via Bragg- edges). 
The application of state-of-the-art tomographic reconstruction 
algorithms allows to reconstruct, in 3D, the spatial distribution 
in cm-sized samples of quantities derived from these effects. 
None of this is possible with X-ray or reactor nRAD, and at 
present this technique is only possible at the pulsed neutron 
sources at LANSCE, SNS (ORNL), ISIS (U.K.), and JPARC 
(Japan). Here we present the most recent results, leveraged 
using the time-structure of the LANSCE (Los Alamos Neutron 
Science Center) neutron beam, presenting a novel energy-
dispersive neutron imaging technique applied to nuclear fuel 
pellets. For the first time, we were able to reconstruct in 3D the 
tungsten concentration in urania pellets after metallic tungsten 
was in contact with urania pellets during sintering. 
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Despite our recent understanding on the influence of 

combustion processes on natural and human systems, large 
uncertainties still exist in our efforts to characterize spatial and 
temporal heterogeneities in past and present emissions of 
radiatively important pyrogenic carbon (PyC). Historical 
records of PyC emissions at sufficiently large scales are 
paramount to the efforts of climate modelers, and even 
epidemiologists, since they provide datasets against which the 
wide-scale distribution of modelled PyC emissions can be 
gauged. Here we synthesize results from a number of historical 
combustion reconstructions, using elemental, isotopic, and 
molecular signatures of PyC in sedimentary archives from the 
U.S. and Europe. We illustrate how the local nature of fuel 
sources and consumption leads to geographical heterogeneities 
in PyC emissions and distribution. Discrepancies between 
modeled estimates of PyC emissions for the 20th century at 
large scales vs. actual reconstructions from historical archives 
at local scales, point to the need for increasing the resolution of 
historical reconstructions. In particular, stable isotope carbon 
signatures of soot PyC show a strong potential for identifying 
fuel sources and regional distribution of combustion emissions 
from anthropogenic activities. 
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Since the Mediterranean Sea is a nutrient depleted 

ecosystem during at least 6 months of the year, atmospheric 
deposition contributes to the input of new nutrients - such as 
mineral phosphate and anthropogenic nitrate - to this 
oligotrophic ecosystem. The aims of this study are to quantify 
(1) the processes that release phosphate and nitrate in surface 
seawater following a Saharan dust event, and (2) to follow the 
fate of these new nutrients in the water column while the 
lithogenic particles are sinking. Three distinct experiments 
have been performed by seeding dust at the surface of a 
‘minicosm’ (polyethylene tank of 0.3m3, with a surface of 0.36 
m2 and the height of 1.09 m). The minicosms were filled with 
filtered seawater (0.2µm) collected in clean conditions in the 
Bay of Villefranche (French Riviera) at three distinct seasons 
(winter mixing; after the spring bloom and an intermediate 
situation) inferring to the collected seawater distinct 
biogeochemical characteristics. The seeding mimicked a dust 
deposition of 10 g.m-², and it was performed with a ‘dust 
analog’ for wet deposition used previously in the DUNE 
project. The nutrients concentrations and the particles (size, 
numbers) were followed during six days after the seeding. We 
will present results showing that 1) the dissolution of DIP 
(dissolved inorganic phosphorus) and DIN (dissolved 
inorganic nitrogen) from the dust is controlled in part by the 
particles dynamic and more specifically by the specific surface 
area of mineral particles, 2) the release is time dependent with 
maximum occurring within the few first hours after the seeding 
3) the evolution of nitrate and phosphate concentrations is 
linked to the amount and quality of DOM (dissolved organic 
matter). The knowledge of such processes in abiotic 
conditions, with a realistic particles dynamic, is a first step to 
understand the bioavailability of atmospheric nutrients and 
thus the biological responses after a Saharan event in 
oligotrophic environments.  
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Ocean acidification is the term used to describe the 

decrease in seawater pH due to ocean’s absorption of 
anthropogenic carbon dioxide (CO2) from the atmosphere. 
This represents an additional anthropogenic pressure for 
Mediterranean Sea ecosystems that already suffer from 
increasing sea surface temperatures, increasing urbanization of 
the littoral zone, overfishing. One of the goals of the European 
FP7 project MedseA (Mediterranean Sea Acidification in a 
changing climate) is to study the impact of ocean acidification 
on Mediterranean Sea ecosystems by the mean of experiments 
conducted in large pelagic mesocosms. A first experiment took 
place in Summer 2012 in the oligotrophic waters of the bay of 
Calvi  (Stareso; Corsica). A second experiment took place in 
Feb-March 2013 in the bay of Villefranche (French Riviera) 
under pre-bloom conditions. For both experiments, 9 
mesocosms were deployed among which three served as 
controls and six were acidified following a gradient  from 450 
to 1,250 µatm. By using analytical methods adapted to the 
nanomolar level, the evolution of nutrients (nitrate, phosphate, 
dissolved iron) concentrations and bioavailability (speciation 
between organic and inorganic forms) was followed. Since the 
organic nutrients pool likely represents a significant fraction in 
the euphotic zone and thus a potential source for marine 
microorganisms, the quantification of such partitioning and its 
link with bioavailability is particularly important in the context 
of ocean acidification. Results (NO3

-, PO4
-, [inorganic/organic], 

DFe) from both experiments will be presented.   
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The Permian-Triassic boundary in marine sediments from 
Redback2 drill hole in Perth basin in Western Australia is 
makred by a change from massive bioturbated mudstone 
enriched in heavy and oxianionic trace elements to microbial 
laminated mudstone enriched in trace elements indicative of 
low oxygen ocean bottom environments.  

C and S isotopes variations across the boundary display an 
‘S’ pattern. d13C change from -24‰ to -31‰ , whereeas d34S 
change from -47‰ to heavier than -25‰ in wholerocks and up 
to 0‰ in pyrite nodules. The lighter signature of wholerocks is 
likely due to an admixture of sulfur from sulphides dissolved 
in seawater and adsorbed on sedimentary/organic particles. 

C and S isotopic signatures and the general enrichment of 
siderophile trace elements suggest anoxic ocean bottom in 
latest Permian. Permian sedimentary horizons enriched in toxic 
elements, such as Ni, Co, Se, As, Te, Sb, correlated with 
wholerock sulphur isotopes may indicate mafic volcanic H2S 
and trace element contribution to seawater chemistry. 

C and S isotopic signature of Early Triassic whole rocks 
and pyrite nodules suggest sulphide oxidation bacteria activity 
during diagenesis rather than admixture of sulphate 
component.  

The sample at the precise PTB contains euhedral pyrite 
only and is characterized by an abnormally positive d34S (> 
+4‰) in individual pyrites as well as in wholerock, however, 
there is no correlation with trace elements contents. Large 
changes in S and C isotopes in pyrite from the PTB was also 
registered in Hovea drill hole [1], but there it is characterized 
by highly dispersed, rather than strongly positive values. The 
general patterns of isotopic variations over time are very 
similar in both PTB locations in the Perth Basin. 
 
[1] Kliti Grice,et al (2008) Photic Zone Euxinia During the 
Permian-Triassic Superanoxic Event. Science, v.307, p.706–
709. 
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The Permian-Triassic boundary recorded in marine 
sediments from the Redback 2 drill hole in the Perth basin, 
Western Australia, is marked by a lithological change from 
massive bioturbated dark-grey mudstone to dark-grey 
mudstone, characterized by microbial laminated texture and 
the presence of minor carbonate layers. The boundary is also 
marked by an absense of framboidal pyrite and presence of 
euhedral pyrite, and by a change from D. parvithola to K. 
saeptatus spore-pollen palinofacies. LA-ICPMS analysis of 
pyrite for 16 elements reveals a 2-350 times enrichment 
relative to the shale matrix. Framboidal syngenetic pyrite is the 
most enriched, followed by diagenetic pyrite. The 
compositions of framboidal pyrite are used as an ocean trace 
element proxy in black shales [1]. The pyrite of Late Permian 
is enriched 2-300 times in Co, Ni, Pb, Bi, Tl, Ag, As,  and Sb 
compared to Triassic pyrite. We infer the pulses of additional 
enrichment by an order of magnitude in Co, Ni, As and Tl 
below the PTB to be a result of polution of the oceans caused 
by the voluminous Siberian Traps eruptions. 

Whole-rock paleo-redox indicators (Mn, P, Fe/Al and 
Mo/Al), change from low in Late Permian to high in Triassic, 
suggesting a change in oxygenation of bottom waters. This is 
in agreement with a larger diversity of sulphide minerals, 
including Cu-Zn-Cd phases, as well as the pyrite framboid size 
distribution suggesting anoxic-euxinic conditions for the post-
extinction Triassic Ca-enriched mudstones.  

Euhedral pyrite from the PTB interface is distinguished by 
positive Bi-Te and delta34S anomalies.  

The averaged trace elements composition of pyrite for the 
Phanerozoic, assessed by LA-ICPMS on over 3000 
sedimentary pyrites, is proposed as a possible reference range 
of elemental abundance for normalization patterns for pyrite as 
an analogue of NASC for whole rock. 
 
[1] R. R. Large et al, Trace element content of sedimentary 
pyrite as a new proxy for deep-time ocean–atmosphere 
evolution. Earth. Planet. Sci. Lett. 389, 209 (2014). 
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The Great Artesian Basin (GAB) of Australia is one of the 

world’s most iconic groundwater basins. Its relatively low 
hydraulic gradient and long flow paths provides ideal 
conditions for testing new isotope techniques for dating old 
groundwater. Our study area is located in the western margin 
of the GAB the most arid part of the basin where rainfall is 
generally less than 100 mm/yr. Data from the Finke recharge 
zone down gradient through the Dalhousie spring complex and 
beyond represents the most comprehensive study undertaken 
on 81Kr to date. We present our 81Kr data and compare with 
previous studies on other age indictors such as 36Cl and 4He. 
The 81Kr method provides the most reliable indicator of 
groundwater residence times as it does not suffer 
complications such as large subsurface production and the 
need for reliable estimations of the input function. As a result 
under certain hydrogeological conditions it may now be 
possible to obtain a reliable	  chronology of groundwater dating 
which may be used along with other tracers such as the stable 
isotopes of the water molecule to understand climate 
conditions in the range of 50,000 to 1 million years, something 
previously not possible.	  	  	  	  
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Over the past two years, we have developed protocols to 

measure H2O and CO2 in silicate glass with Attenuated Total 
Reflectance (ATR) FTIR spectroscopy. Our initial calibration 
[1] demonstrated the feasibility of the technique for 
quantifying total H2O (H2Ot), both as  molecular H2O (H2Om) 
and OH- in glass within polished epoxy mounts prepared for 
EPMA and SIMS analysis.    

In our setup, an ATR accessory crystal (Ge) is inserted into 
the FTIR microscope, the IR source beam is directed through 
the crystal, and a background spectrum is collected in air.  By 
raising the stage, the sample makes contact with the Ge crystal, 
such that a small percentage of the incident light is absorbed 
within the upper few hundred nm of the sample. Our initial 
study [1] demonstrated that absorbance at 3450 cm-1 and 1630 
cm-1 correlated with H2Ot  and H2Om concentration, 
respectively. This permits quantification of these species in 
silicate glass (calc-alkaline basalt through rhyolite) with a 
single calibration, adjusted for glass density. Other ATR 
crystal types and geometries will likely require separate 
calibration curves. 

Recently, we explored calibrations for dissolved carbonate 
in basaltic and basaltic andesite glasses, as well as molecular 
CO2 in rhyolitic glass.  In both cases, calibration is clearly 
feasible, though with detection limits significantly higher than 
for transmission FTIR.  By using a N2-purge in our FTIR 
microscope to minimize atmospheric CO2, we can resolve 
dissolved molecular CO2 as low as 150 ppm. Carbonate peaks 
at 1400-1500 cm-1 are not affected by atmospheric CO2, though 
H2O vapor can interfere with resolution of the peaks, and as 
with transmission FTIR, peak heights are difficult to define 
due to the irregular slope of the baseline and the presence of 
the 1630 cm-1 peak for H2Om.  Currently, the detection limits 
for CO2 in basaltic glass is ~ 400 ppm.  Our future work will 
be to: 1) create more standards for CO2 in silicate glass, 2) 
lower the detection limit for CO2 and 3) constrain the variation 
of the correction factor (aka absorbance coefficient) with glass 
composition.  

 
[1] Lowenstern & Pitcher (2013) Am. Mineral. 98, 1660-1668.  
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Minerals and microbes interact at all time and spatial 

scales which have coevolved over much of Earth’s history. 
Although the interactions occurred largely on the microscopic 
scale, the results were often macroscopic in the critical zone. 
Minerals contain nutrients and energy that microbes need to 
sustain their metabolism and growth. Transformation of the 
redox-sensitive elements from one valence state to another 
provides energy for driving the metabolic system of many 
microorganisms. On Earth, a predominant renewable energy 
source for powering natural bioactivity is solar light, and 
phototrophic microorganisms are adapted to capture this 
energy. While nonphototrophic microorganisms have been 
excluded from light-centered metabolism due to their lack of 
photosensitive cellular compounds. Nonetheless, this 
deficiency does not necessarily preclude an ability to derive 
energy indirectly from the Sun through semiconducting 
minerals. Upon solar irradiation, semiconducting minerals, 
such as sphalerite (ZnS), rutile (TiO2), goethite (FeOOH), and 
even birnessite (NaxMn1-xO23H2O) can give off 
photoelectrons, and these photoelectrons can be transferred to 
nonphototrophic microbes to support their growth. Recently, 
Lu et al presented evidences demonstrating solar energy 
mediated by semiconducting mineral photocatalysis, promoted 
the growth of some nonphototrophic bacteria. The growth of 
microbe, closely related with the photon quantity and energy, 
and well fitted the light absorption spectra of the 
semiconducting mineral. Further studies revealed that in 
natural soil system, semiconducting mineral photocatalysis 
influenced the microbial community. This solar energy 
utilization pathway by nonphototrophic microorganisms 
mediated by semiconducting mineral photocatalysis extends 
our knowledge on the use of solar energy by nonphototrophic 
microorganisms. This result manifested a novel microbial 
energy yielding pathway in addition to phototrophy and 
chemotrophy, in which photoelectron energy can be utilized by 
“photoelectrophy microorganism” via the photocatalysis of 
semiconducting minerals.  

 
Key words: minerals and microbes, photoelectrons, critical 

zones 
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Arsenic, a notorious poison, is naturally enriched in many 

hydrothermal vents. Shallow-sea vent systems are regarded as 
physical and geochemical transitions between deep-sea and on-
land hydrothermal systems. Soufriere Spring (SOU) offshore 
Dominica (Lesser Antilles island arc) is an ideal site for 
investigating the microbial influence of arenic on a marine 
ecosystem. The aim of this study is to establish the interactions 
between microbial distribution, metabolism and in situ 
geochmical Fe-S-As cycling. 

SOU is characterized by elevated temperature venting 
fluids (~55oC). The arsenic concentrations (predominantly AsIII) 
in sediment cores range from 0.09 to 1.8 µM, and the profile 
was similar to that of ferrous iron with depth. It indicates that 
arsenic concentrations are controled by iron dissolution. 
Sediment and biofilm samples were used as inocula in 
enrichments targeting heterotrophic arsenite oxidation and 
arsenate reduction. From these enrichments, several strains 
were isolated at 30, 50 and 70 oC. In the 50oC sediment 
enrichments on oxic, heterotrophic media, unknown 
thermophilic sulfate reducers produce high concentrations of 
sulfide and transform ferrihydrite to amorphous arsenic-metal-
sulfide. Molecular biological surveys of microbial community 
diversity indicate that Bacteria (Chloroflexi, 
Deltaproteobacteria and Gammaproteobacteria) dominated in 
all samples; Archaea (Thermoprotei) were only found in 
venting fluid and deep sediment (20-22 cm), not in shallow 
sediment (0-2 cm) or biofilms.  Site comparisons revealed that 
anaerobic, thermophilic microorganisms were prevalent in 
venting fluid and the deeper sediment. In venting fluid, 
Thermodesulfovibrio spp. might be the major player in 
regulating the in situ S cycle.  

The current results implicate biological redox of iron, 
sulfur and arsenic as primary biogeochmical processes in the 
SOU shallow-sea hydrothermal vent system. More molecular 
and culture tests are underway to better characterize the 
microbe-mineral interactions in laboratory enrichments and the 
natural environment. 
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Based on the analytical techniques and principles of 

Quantitative Grain Fluorescence(QGF®), a systematic 
sampling and quantitative fluorescence analysis was conducted 
on the Kela-2 dry gas reservoir, Kuqa Foreland Basin, West 
China. Combined with hydrocarbon inclusion analysis, we 
believe that there had formed an ancient oil zone of about 
350m oil column in the current gas and water zones. Both the 
QGF Index and QGF-E Intensity profiles delineate a 
residual/palaeo oil-water contact (OWC) at the depth of 
3994.5m, and the palaeo OWC is lower than the current gas-
water contact (3935m). Above the inferred OWC, the QGF-E 
Intensities are bigger than 50 and QGF Index bigger than 4, 
and both the QGF Index and QGF-E Intensities profiles 
display upwards increasing trend, which correspond to the 
characteristics of fluorescence profile of palaeo oil reservoir. 
The QGF-E spectral signature is typical of that from known 
residual oil enriched with polar and asphaltene. In reservoir 
samples within the palaeo oil intervals, hydrocarbon inclusions 
are well developed with GOI above 60% . The residual 
bitumen and fluorescence show in the pores and cracks further 
proves the existence of palaeo oil reservoir. Above 3990m, the  
S0, S1 and S2 values of rock pyrolysis are relative higher with 
the maximum value of 0.4 mg/g, which shows the 
characteristics of oil layer with depth range bigger than current 
gas column height. This is quite consistent with what we get 
from QGF data. These evidence all prove that there had 
formed a palaeo oil reservoir about 350m height in the Kela-2 
structure. While the palaeo oil was destroyed by the fault 
which penetrated the salt caprock, and then the depth increased 
and the fault was sealed by salt plastic movement and 
preserved the late charging dry gas. 
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The Kela-2 and Dabei gas fields located in the Kuqa 

foreland basin, western China represent one of the most 
significant discoveries in subsalt structures in China. It is a 
typical dry gas with 95~98% of methane and a relatively heavy 
CH4 carbon isotope and is classified as an over-matured coal-
type gas. Only minor amount of associated condensate oil was 
produced during the gas production. In this study we employed 
an integrated approach to investigate the charge history using 
fluid inclusion petrography, fluorescence spectroscopy, 
Quantitative Grain Fluorescence (QGF), field emission 
scanning electron microscopy (FE-SEM), and X-ray micro-CT 
tomography and to further unravel the mutliple hydrocarbon 
accumulation processes.  

On the basis of Quantitative Grain Fluorescence (QGF) 
and QGF on extract (QGF-E) and petroleum inclusion 
analyses, a huge palaeo oil column of over 350 m was detected 
in the Kela-2 gas field within the current gas and water zones. 
Microscopic and FE-SEM analyses and together with micro-
CT scanning have revealed that the original oil was charged 
during the time of dolomitisation. The oil charge may be of 
multiple phases as two petroleum fluid inclusion assemblages 
consisting of yellow-white and blue-white colors are present. 
Fluid inclusion petrography and FE-SEM analysis indicate the 
presence of three phase petroleum inclusions with solid 
bitumen, liquid hydrocarbons and gas and movable oil in nano-
pores, suggesting that the originally charged liquid oil was 
flushed by a late charged gas, forming the present giant gas 
discoveries. The co-occurrence of bitumen with calcite veins 
suggested that the oil charge was episodic and may sometimes 
be triggered by regional tectonism and associated with fluid 
flow events.  
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81Kr-dating is now available to the earth science 

community at large.  Due to its simple production and 
transport processes in the terrestrial environment, 81Kr (half-
life = 230,000 yr) is the ideal tracer for old water and ice in the 
age range of 105-106 years, a range beyond the reach of 14C.  
An instrument based on the Atom Trap Trace Analysis (ATTA) 
method is capable of measuring both 81Kr/Kr and 85Kr/Kr 
ratios of environmental samples in the range of 10-14-10-10.  For 
81Kr-dating in the age range of 150 kyr – 1500 kyr, the 
required sample size is 5 micro-L STP of krypton gas, which 
can be extracted from approximately 100 kg of water or 40 kg 
of ice.  For 85Kr/Kr analysis, the required sample size is 20 kg 
of water.  We are continually developing the ATTA method 
towards a higher counting efficiency, and therefore expect to 
require smaller sample sizes in the future. 

In the past two years, the Laboratory for Radiokrypton 
Dating has measured both 81Kr/Kr and 85Kr/Kr ratios in over 80 
samples that had been extracted by collaborators from six 
different continents.  The samples were from groundwater 
wells in the Great Artesian Basin (Australia), Guarani Aquifer 
(Brazil), and Locust Grove (Maryland); from brine wells of the 
Waste Isolation Pilot Plant (New Mexico); from geothermal 
steam vents in Yellowstone National Park; from near-surface 
ice at Taylor Glacier, Antarctica; and from deep mines in 
South Africa.  Sample purification was performed by 
collaborators at the University of Illinois at Chicago and 
University of Bern. 

ATTA is a laser-based atom counting method, not a mass 
spectrometry method.  Individual neutral atoms, not ions, of 
the desired isotope are captured by laser beams, and their 
fluorescence detected with a CCD camera. ATTA is unique 
among trace analysis techniques in that it is free of 
interferences from any other isotopes, isobars, atomic or 
molecular species. 

 
The Laboratory for Radiokypton Dating is supported by 

the U.S. DOE, Office of Nuclear Physics, under contract DE-
AC02-06CH11357.  

Research website: http://www.phy.anl.gov/mep/atta/.  An 
article reviewing both the ATTA method and applications: 
http://dx.doi.org/10.1016/j.earscirev.2013.09.002 
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Acid drainage is regarded as the worst environmental 

problem related to exploration and mining of sulfide-hosted 
deposits that adversely affects water quality. Our studies have 
focused on major factors determining water chemistry at the 
Nakhodka porphyry copper ore field [1]. This area is located in 
the south of the Baimskaya ore zone, Northeastern Russia, 
where the largest copper resources are concentrated [2]. 

We have studied the chemical composition of springs and 
headwater streams associated with porphyry copper 
mineralization, receiving downstream waters (mixing zone) 
and streams draining unmineralized areas (fig. 1). 

Figure 1: Water samples plotted on a Piper diagram 
 
Waters draining porphyry Cu areas have pH values as low 

as 3.2, SO4 up to 3740 mg/L and high metal concentrations: Cu 
up to 18.8 mg/L, Fe up to 8.9 mg/L, Zn up to 32.0 mg/L. 

Acidic waters affect receiving streams resulting 
downstream changes in their composition. Compared to waters 
draining unmineralized areas SO4 increased from 35 to 146 
mg/L, salinity – from 96 to 215 mg/L. Due to dilution and 
neutralization pH decreased weakly from 7.3 to 5.9. Therefore 
these waters have low dissolved metal concentrations (for 
example, Cu, Fe, Zn up to 0.04 mg/L). 
 
[1] Lubkova et al (2013) Water: Chem. and Ecol. 12, 29–34. 
[2] Chitalin et al (2013). Miner. Res. of Russia, 6, 68–73. 
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Montane meadows of the Sierra Nevada often serve as the 
interface between up-gradient forested area and down-gradient 
stream flow. Water samples were collected from monitoring 
wells in two montane meadows and associated streams. 
Samples and were analyzed for major ions and stable water 
isotopes. Groundwater flux was calculated from nested 
piezometers co-located with the monitoring wells.  Near the 
meadow center, groundwater flux indicates discharge for the 
duration of the snow free season and relatively high major ion 
concentrations.  At the meadow edge, groundwater flux 
changes from a discharge to a recharge signal during the 
growing season and major ion concentrations are more dilute 
than those observed near the meadow center.  Analysis of 
stream water samples show that when groundwater is 
discharged throughout the meadow, the stream water more 
closely resembles that of the meadow edge; as the season 
progressed and groundwater is no longer discharged at the 
meadow edge, the steam water is reflective of the groundwater 
sampled from the center of the meadow.  Analysis of stable 
water isotopes indicates that all samples collected resemble the 
local snow pack signature.  Deviation from the local meteoric 
water line—due to evaporation— is not observed with 
exception to a handful of late season samples.  We conclude 
that differences major ion signatures in groundwater vary from 
the meadow edge to the meadow center as a result of these 
areas having separate groundwater sources or flow paths of 
significantly different lengths.   
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Ornithogenic sediments built up by seabird-droppings 
(“guano”) are known from various areas and age sections in 
the world and are potentially useful but largely unexplored 
proxy archives for past ocean composition. Long-lasting arid 
climate favoured the preservation of guano along the North 
Chilean and Peruvian Pacific coast. The stratified guano 
deposits range in age from recent to ~2.5 Ma derived from 
field evidence. Local seabirds feed exclusively on small 
schooling fish that sample plankton of the upper watercolumn 
no more than 100 km off-shore. Watermasses are presently 
dominated by S-N transport in the Humboldt current system 
and upwelling of nutrient-rich deep water. The guano is 
composed of water insoluble Ca-phosphates (whitlockite), Ca-
oxalates (Whewellite), carbonate, and gypsum and water 
soluble NaCl and organic N bearing compounds. 87Sr/86Sr in 
carbonate leachates and water soluble constitutes vary between 
~0.7085 and 0.70918 (modern seawater), Sr isotopes in the 
respective residues agree or deviate to more radiogenic ratios. 
Ages according to 87Sr/86Sr evolution in seawater are between 
~18 Ma and 0 Ma and agree with geological evidence, but 
absolut ages and variations within profiles appear to be 
unreasonable large. Nd isotopes show a small variation 
between -1.5 to + 2.2 eps Nd; excursions to -9 and +4 are 
restricted to single locations. Published values of modern 
Pacific seawater are generally less radiogenic than eps Nd -3. 
The 206Pb/207Pb (1.192 – 1.221) and 208Pb/207Pb (2.475 – 2.510) 
of guano are similar to published values of Pacific manganese 
nodules and seawater. The differences in isotopic composition 
between guano and Pacific seawater could be triggered by 
mixing of surface water with variable quantities of run-off flux 
from the Andean magmatic arc in the humid climate zones of 
southern Chile and northward transport. Weathering of the 
magmatic rocks there provides unradiogenic Sr and radiogenic 
Nd and similar Pb isotope composition. 
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We present a comprehensive degassing characterization of 

Cerro Negro volcano over a 4-year period aimed at improving 
our understanding of the magmatic plumbing network and its 
relationship with regional tectonics. Soil gas samples were 
collected and analyzed for δ13C from CO2 gas, high-
temperature fumaroles were sampled for δ18O, δ2H and 
3He/4He, and hydrothermal zones were mapped using soil CO2 
flux measurements. Present day degassing is controlled by a 
zone of regional north-south striking extension capable of 
tapping deep pockets of magma and gas in the lower crust. 
Near-surface faults and fractures produce elongate and well-
defined surface expressions of hydrothermal activity from 
which occur prominent CO2 emissions with sizable 
contributions from zones of diffuse degassing. These structural 
features are sensitive to changes in the local stress regime, 
which is capable of opening and closing conduits of gas ascent 
as well as inducing eruptions. Increased groundwater flow 
during periods of high rainfall may exploit these fractures, 
supplying a large proportion of meteoric water to the 
hydrothermal system, resulting in lighter δ13C ratios. CO2-He 
systematics at Cerro Negro indicate a strong and constant 
mantle signature of 6.3 to 7.3 RA (3He/4He), with a heavier than 
average δ13C of ~ -3.5‰ (as heavy as -0.75‰) due to melting 
of marine carbonates from the subducted Cocos plate. The lack 
of long-term changes in δ13C suggests the plumbing system of 
Cerro Negro acts as a “laser beam” to the lower crust, supplied 
by a constant flux of upper mantle volatiles. Despite the lack of 
new eruptions, the hydrothermal system of Cerro Negro 
continues to evolve due to seasonal inputs of meteoric water, 
slope failures that expose and bury sites of active degassing, 
and bursts of regional seismicity that have the potential to 
temporarily increase permeability. These processes 
demonstrate that a multi-component, multi-seasonal study of 
soil and fumarole gases is necessary to accurately define the 
isotopic degassing character of a volcanic center.  
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Flow-through alteration experiments can be used to 

explore feedbacks between chemical reactions and flow fields, 
and thus, provide insight for reactive transport modeling.  In 
this contribution, we assess basalt alteration by performing 
hydrothermal flow-through experiments on solid cores at 
150ºC and 150 bars. Experimental fluid (0.94 mol NaCl/kg and 
0.6 mol CO2/kg) was pumped into basalt cores (~1.3 cm 
diameter and ~2.6 cm length) that were cut from a borehole 
sample of Snake River Plain Basalt.  Two experiments used a 
flow rate, Q, of 0.01 ml/min for 20 and 33 days, and two others 
used a Q of 0.1 ml/min for 0.5 and 2.7 days.  In contrast to 
little permeability change at the lower Q, permeability 
increased at the higher Q, although there was an order of 
magnitude difference in the increase between the two 
experiments. Trends of dissolved species also depended on 
experimental Q. At the lower Q, dissolved Fe initially 
increased to a peak concentration of 2.5 mmol/kg and then 
decreased with reaction progres, while aqueous Si initially 
decreased before increasing to concentrations of 6-7 mmol/kg. 
During these experiments, Mg continually increased and 
ultimately attained concentrations of 5-6 mmol/kg.  
Concentrations of Fe, Mg, and Si were more stable during the 
experiments at the higher Q. Alkali metals (Li, K, Rb, and Cs) 
were preferentially dissolved from basalt cores, to the extent 
that all of the Cs was dissolved over the relatively short 
experimental time scales. Even though experiments were 
conducted on solid cores, high elemental recoveries in outlet 
fluids indicate a dense flow path network that facilitates fluid-
rock reaction at all Cs-bearing sites within each core. Finally, 
cores were scanned using X-ray computed tomography 
(XRCT) both before and after experiments to document 
changes in pore geometries. Alignment of pre- and post-
experimental XRCT scans illustrates both dissolution and 
precipitation, and ongoing work is quantitatively analyzing 
these pore-scale changes. 
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Glacial-interglacial changes in continental ice volume 
likely modulate sub-aerial volcanism in Iceland [1-3] and other 
high latitude locations [4].  A similar effect may occur in the 
oceans, with sea level lowering due to ice sheet growth 
promoting magma production beneath mid-ocean ridges       [4-
6]. Enhanced magmatism following sea level low stands 
should yield greater heat flux and hydrothermal activity at 
ridge axes.  Here we evaluate the sea level hypothesis using 
seven records of hydrothermal sedimentation from 1ºN, 6ºS, 
and 11ºS along the East Pacific Rise (EPR). At each location, 
the carbonate-free concentration of Fe, Mn, and Zn increased 
beginning at  ~25 kyr BP, reached maximum values by 15 kyr 
BP, and then decreased into the Holocene. The similar pattern 
on both sides of the ridge axis and spanning more than 1300 
km of the EPR points to a common driver.  Lateral sediment 
focusing is an unlikely explanation given the similar signal in 
all seven cores. Alternatively, variations in deep water oxygen 
concentration could focus redox-sensitive elements in the 25 to 
5 kyr BP interval of each record [7].  Down-core Fe/Mn and 
Fe/Zn ratios are inconsistent with diagenetic overprinting, 
however, and instead support a hydrothermal origin [8-9]. 
Spatially coherent variations in hydrothermal activity on 
glacial-interglacial timescales are consistent with the sea level 
hypothesis. Confirmation of our initial results will require 
additional records from the EPR and other sites along the 
global mid-ocean ridge system.   

 
[1] Jull and McKenzie (1996) J. Geophys. Res. 101, 21815-
21828.  [2] Maclennan et al (2002) G-cubed 3, 1062. [3] 
Licciardi, Kurz, and Curtice (2007) Quaternary Science 
Reviews 26, 1529-1546. [4] Huybers and Langmuir (2009) 
Earth and Planetary Science Letters 286, 479-491. [5] Lund 
and Asimow (2008) AGU Fall Meeting, Abstract #PP11D-08.  
[6] Lund and Asimow (2011) G-cubed 12, Q12009.  [7] Mills 
et al (2010) Paleoceanography 25, PA4226. [8] Dymond 
(1981) Geo. Soc. Amer. Mem. 154, 133-172. [9] Dunk and 
Mills (2006) Marine Geology 229, 133-157.  
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The silicic continental crust (CC) is a unique feature of 

earth that has major influence on processes ranging from plate 
tectonics to biological evolution. The part of the CC we know 
best, the upper CC, has a composition virtually identical to that 
of convergent margin granitoids. Thus, understanding the 
process forming plutons, and ultimately batholiths such as the 
Sierra Nevada, is critical to understanding CC formation. 

The igneous origin of granite (in general) was set by the 
seminal work of Tuttle and Bowen (1958) which showed that 
Earth’s granites had compositions similar to the minimum melt 
in the SiO2-NaAlSi3O8-KAlSi3O8-H2O system. Their 
conclusion, that granites are igneous following controls by 
thermodynamic equilibrium, remains valid today. Yet the two 
most commonly cited differentiation mechanisms, partial 
melting and fractional crystallization, cannot explain this 
relationship in any reasonable way (the conundrum). In other 
words, do we think that the bulk composition of granites 
reflects a melt separated from a quartz-feldspar assemblage 
and then emplaced elsewhere? Thermal migration zone 
refinining (TMZR), combining a top down sill accretion 
process with an in situ temperature gradient process, has been 
proposed as an alternative mechanism for forming convergent 
margin plutons1. Thermal migration experiments using 
andesite + 4wt.% H2O produce  granite compositions at the 
cold end of a temperature gradient from a starting andesite that 
was not originally minimum melt. Thus TMZR is a process 
controlled by mineral-melt equilibrium which bypasses the 
conundrum—the Tuttle and Bowen (1958) observation is 
explained without a process needing mechanical separation of 
crystals and melt (PM or FC). 

During TMZR, andesitic melts arrive at the base of the top-
down growing pluton. If the mafic root stays attached to 
granite, then TMZR is simply an intracrustal differentiation 
process. However, TMZR results in net silicification of CC if 
the mafic base delaminates into the mantle. Based on 
experiments, the mafic root of TMZR transforms into garnet 
gabbro at 0.5 GPa; this root should be dynamically unstable 
and likely delaminate, increasing SiO2 of the CC.  Notably the 
size of a predicted TMZR delaminant is similar to the drip 
imaged geophysically beneath the southern Sierra Nevada2. 
TMZR with delamination may also provide an explanation for 
volcanic-tectonic cycling observed in the convergent margin 
geologic record and possibly geochemical changes of the CC 
such as Nb/Ta. 
 
[1] Lundstrom (GCA 73, 2009); [2] Zandt et al (Nature 431, 
2004). 
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The development of techniques to measure stable isotope 
ratios of elements such as Si, Fe and Mg has brought new 
insights into magmatic differentiation processes. Systematic 
variations in these systems occur with changes in SiO2, 
somewhat surprisingly given that equilibrium fractionation 
between phases scales at 1/T2. An alternative proposal is that 
this relationship results from differentiation occurring within a 
temperature gradient by thermal diffusion effects. Increases in 
δ56Fe and δ30Si with down temperature differentiation by 
thermal migration are consistent with this process. 

Support for this hypothesis includes positive covariation of 
different isotope systems relative to spatial position in a given 
igneous body. Results for δ56Fe and δ30Si in sample sets that 
involve spatial control include a gabbro to plagiogranite 
transect in Troodos, interior to country rock transects within 2 
silicic plutons (Torres del Paine, Chile and Aztec Wash, NV) 
and a combined layered mafic intrusion/granophyre body 
within the Duluth Complex (Sonju Lake/Finland intrusion). A 
compositionally zoned volcanic sequence from Cedar Butte 
volcano (representative of a pre-eruptive magma body) is also 
presented. We find: 1) A distinct increase in δ56Fe  and SiO2 
along the 700m transect within Troodos. 2) δ30Si and δ56Fe 
sequentially increase upward in a 70 m thick sill of the Finland 
zoned upward from diorite to leucogranite; a second zoned sill 
sequence although less clear shows increasing δ56Fe upward; 
finally both the bottom and top of the Sonju Layered intrusion 
have δ56Fe consistent with prediction of thermal diffusion. 3) 
Although individual transects within Torres del Paine show 
considerable scatter, the average δ56Fe of granite samples from 
the pluton’s interior is isotopically lighter than the average 
δ56Fe of granites closer to the country rock; furthermore, the 
youngest out-of-sequence diorite sill of Leuthold et al (2013) 
has an anomalously light δ56Fe. 4) Finally, the Cedar Butte 
volcanic sequence ranging from first erupted high-silica 
rhyolite down to last erupted basaltic trachyandesite shows 
systematic changes from heavy to light δ56Fe and δ30Si. While 
definitive conclusion about causes of stable isotope variation 
also requires assessment of equilibrium fractionation 
processes, these spatial observations provide evidence 
supporting a thermal diffusion effect. 
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Field, geochemical, Sr-Nd-Hf isotope and geochronologic 

data have been used to evaluate the cause of composition 
diversity and the construction history of upper crustal 
composite batholiths. The Meiwu batholith is a zoned, calc-
alkaline plutonic complex in the middle part of the west 
Qinling, central China. It is composed of quartz diorite, 
granodiorite and biotite granite, with abundant mafic enclaves 
and minor felsic enclaves in the granodiorites. The magma 
crystallization age of the Meiwu batholith is ~240-245 Ma. 
Geochemical and Sr-Nd-Hf compositions indicate that the 
magma source of the quartz diorites and mafic magma 
enclaves was dominantly derived from an enriched mantle-
source, followed by variable degrees of hybridization with 
crustal melt. The hybridization occurred before the magma 
emplacement. The outer part (fine-grained) of the quartz 
diorite pluton has much larger zircon εHf(t) variation, 
suggesting that it crystallized at a rapid cooling condition and 
thus preserved its initial heterogeneities. While the inner part 
(medium-grained) of the quartz diorite pluton shows 
homogeneous εHf(t) variation, suggesting that it may 
crystallize from a convective homogenous magma chamber. 
The tonalitic enclave has adakitic geochemical signatures (e.g. 
high Sr/Y, low Yb and Y). Together with its Sr-Nd-Hf isotopic 
compositions, we suggest that its magma was most likely 
derived from partial melting of thickened mafic lower crust. 
The magma of the granodiorites and biotite granites was 
dominantly derived from crustal source. However, the 
granodiorites also show relatively high Mg#, Cr, and Ni 
suggesting a minor contribution from mantle source. The 
granodiorites were constructed by successive accumulate of 
the discrete melts generated at different depths; while the 
biotite granites consist of incrementally assemble magma 
batches that formed by the increase degree of partial melting of 
a common source. The different rock types exhibit distinct 
geochemical variation, indicating that the Meiwu batholith was 
constructed by multiple magma injection and pulses over a 
protracted period, rather than a single larger magma chamber. 
The compositional variations of the composite batholiths are 
mainly inherited from the source processes.  
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Sandstone type, detrital components and cements, impact 

of diagenetic evolution processes on reservoir quality of tight 
sandstone reservoir of the Chang 7 Group, Upper Triassic from 
the southwestern Ordos basin, China are studied, based upon 
observation of cores, identification of thin sections under 
microscope, measurement of pores and pore throats, porosity 
and permeability, homogeneous temperature of fluid 
inclusions. Research shows that sandstone type and its detrital 
components and primary reservoir capacity controls diagenetic 
evolution process to a great extent, and its in turn resulted in a 
chronological sequence of sandstone densification.  

Compaction is the major diagensis leading to pore loss for 
sandstones, except for calcareous sandstone, which gives rise 
to av. of 21.6% and 16.0% pore loss for litharenite with high 
content of plastics and oil-immersed sandstones, respectively. 
Cementation caused av. of 7.4% and 13.4% pore loss, 
respectively. Litharenites with high plastics experienced 
intensive compaction in early diagenetic phase, compacted 
deformation, expansion and metrication of plastics resulted in 
a large number of inter-granular pore loss and throat blocked, 
giving rise to pore reduced rapidly, making the sandstones to 
be low to very low permeability reservoir and a part of them 
even tight sandstones after early diagenetic phase. Cementation 
caused average of 28.5% pore loss and is the major diagenesis 
resulted in pore loss for the calcareous sandstones, carbonate is 
the main cement resulted in pore loss. Great part of calcareous 
sandstones with very low permeability and tight ones occurred 
duo to carbonate cementation in early diagentic phase (80-
90oC), whereas they resisted compaction to some extent, so 
that pore loss by compaction greatly decreased (av. 3.8%). A 
large quantity chlorite films on grains, low content of 
carbonate and quartz cements in oil-immersed sandstones 
resulted in significant primary inter-granular pores preserved, 
together with developed inter- and inner-granular dissolution 
pores led the sandstones to a good oil-bearing reservoir. 
Dissolution is the main factor improved the sandstone 
reservoir, which added pores of 1.3%, 1.4% and 3.5%, 
respectively. 
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Pollution of As, Cd, Cr, Cu, Pb and Zn has been 
investigated in an agruicultural ecosystem near a lead-zinc 
mine. The highest concentration of Pb in the surface irrigation 
water system was over 15 times higher than the maximum 
level. The maxima of As, Cd and Pb concentrations in the 
vegetable soils were 11, 34 and 35 times higher than the 
environmental quality evaluation standard. The maximum 
concentrations of As, Cd and Pb in aerosols were 114,  76 and 
10296 mg/kg, respectively. 

Pb isotope ratios from water, soils, minerals, aerosols, and 
vehicle exhaust particles revealed that the main source of Pb in 
the fields was from the minerals and ores of Pb from the mine. 
Particulate matter was the carrier of pollution to the soils. In 
return, the polluted soils is a second pollution source. 

The heavy pollution in the aquatic and terrestic system 
would produce high bioaccumulation in the plants. In fact, the 
investigations show that the high concentrations of metals and 
metalloid have polluted the whole ecosystem in the area.  On 
the basiss of quantitative analysis of 204 samples from 26 
types of vegetables, for example, it was found that in 17 types 
of the collcected edible vegetables, the concentrations of Pb in 
12 types exceeded the maximum level. And the most serious 
pollution of Pb was found in celery and coriander, and the 
means of Pb in them were 1.1 and 1.6 (mg/kg), respectively, 
significantly exceeding the maximum level of 0.3 mg/kg. In 
parts of spinach, letture and the other edible vegetables, the 
concentrations of As, Cd and Cr exceeded the maximum levels, 
too. 

How did the toxic elements enter the plants? Did they 
change their species? Did they damage the plant cells? And 
expcially, does the bioaccumulation of metals and metalloids 
in the edible vegetables from the polluted fields make impacts 
on human health?  

Without question, the answer is positive. The change of 
speciecs of the toxic lements were found and the damages of 
the plant cells confirmed. Besides the concentrations of Pb in 
blood, an in vivo X-ray fluorecence analytical set was designed 
and used in the the determination of Pb in human bone. The 
results revealed the bioaccumulation of metal and metalloid 
elements in the edible vegetables and food chains, from the 
polluted fields made great impacts on the human health in the 
area. 
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The relative proportions of Cu and Mo (Cu/Mo ratio) in 

porphyry deposits are variable, however, the factors 
controlling the temporal and spatial Cu and Mo segregation are 
still unclear. Our goal is to develop a better understanding of 
the causes for Cu and Mo separation in porphyry-type deposits. 
This information may be applied in exploration for Cu  and Mo  
mineralization.   

The porphryry Mo (Cu) deposit at Bangpu is located in 
east section of Gangdese porphyry copper belt, one of the 
largest copper belts in China. The deposit shows a distinct 
metal zonation, with shallow molybdenum mineralization (Mo 
stage) following the early monzogranite porphyry intrusion 
and spatially deeper copper mineralization (Cu stage) 
occurring in the late diorite porphyrite intrusions.  

We distinguish three types of fluid inclusions at Bangpu, 
classified as types I(moderate density), II(vapor rich), III(halite 
saturated). The coexistence of type I inclusions and H2O 
saturated silicate melt inclusion suggests that type I inclusions 
trapped a single phase aqueous fluid of magmatic origin. Type 
III inclusions trapped mineralizing fluids for precipitating Cu-
Fe sulfides. The daughter minerals in halite saturated 
inclusions studied by laser Raman spectroscopy and EDS-SEM 
are sylvite, fluorite, anhydrite, hematite, chalcopyrite, pyrite 
and magnetite. Synchrotron X-ray fluorescence analysis 
indicates that type III inclusions are dominated by Na, K, Ca, 
Fe, Mn, Zn and Pb and the brine contains more Cu and S than 
vapor. Coexisting of type II and type III fluid inclusion 
assemblages provide evidence for boiling (phase separation). It 
is unclear whether the halite saturated fluids are the result of 
fluid unmixing or directly exsolved from the crystallizing 
magma. Without petrographic evidence, the relationship of 
fluids and Mo stage mineralization in the shallow part remains 
ambiguous. 

 



 Goldschmidt2014 Abstracts  

 

1543 

1543 

The Geoelectrochemical-extraction 
Measurement Method to Look for 

Hidden Gold Ore Deposit  
XIANRONG LUO1, XI-JUN LIU1, MEILAN WEN1*  

AND FEI OUYANG1,2 
1Guangxi Key Laboratory of Hidden Metallic Ore Deposits 

Exploration，Guilin University of Technology, Guilin, 
541004, China  
(*Correspondence author: meilanwen112@126.com) 

2China University of Geosciences, Beijing 100083 
 

The geoelectrochemical-extraction measurement is an ore 
prospecting method of deep-penetrating geochemistry, by 
using the element receptors to extract the mobile metal ions 
from the soil under the artificial electric field to look for the 
hidden ore deposit. The study of using the geoelectrochemical-
extraction measurement method to look for blind gold ore 
deposit has been carried out in the Xinjiang Habahe and Gansu 
Wanghe gold ore deposit, which resulted in the clearly 
geoelectrochemical extraction anormalies above the concealed 
ore-bodies. Therefore, the geoelectrochemical-extraction 
measurement method is useful for forecasting the hidden gold 
ore deposits after carrying out on different genetic types of 
concealed gold ore deposits in different landscape areas, which 
would achieve the clear geoelectrochemical-extraction 
anomalies above the ore-bodies. The prospecting forecast 
conducted in the unknown areas indicated that using the 
geoelectrochemical-extraction measurement method to search 
for blind gold ore deposit is practical. 

We have done a large number of tests on the 
geoelectrochemical-extraction measurement. It has a complete, 
reliable and credible theoretical basis. The ore-bodies occurred 
the electrochemical dissolution and formed ions halo around 
the ore-bodies. These mineralizing ions continue to migrate to 
the surface under the actions of electric field and airborne and 
other actions, to achieve the purpose of searching for blind ore 
deposits by extracting these dynamic mineralizing ions to 
predict the occurrence position of deep concealed ore. As one 
of the deep penetrating exploration geochemistry to search for 
ores, this method attracted more and more attentions of the 
domestic and international geological experts. 
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This paper briefly reviews and demonstrates the 
mechanism and effectiveness of a geoelectrochemical 
extraction technique in exploration for concealed 
mineralisation through regolith cover based on both 
experimental works and field tests of over ten years’ study. 
This is discussed by two main aspects of the method: a) how 
metallic ions released from orebody by electrochemical 
dissolution, and b) how these ions migrated to the collector 
deposited as elements by electrochemical extraction under the 
processes of electricfield. A number of case studies have 
demonstrated that a few economic discoveries were founded 
by recognizing their geoelectrochemical extraction anomalies 
over the concealed orebodies. These results show that the 
geoelectrochemical extraction technique can detect concealed 
metallic mineralisation (eg., copper, lead, zinc, tin, gold, silver, 
arsenic and antimony) at depth of more than 500m in various 
landstapes and climatic environments (e.g., loess, soil, sandy 
dune, transported and residual overburden in arid and semi-
arid regions).  
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The upper Triassic Xujiahe formation in Sichuan basin，

central China, is divided into six members from Xu1 to Xu6in 
a ascending order. The Xu1, Xu3 and Xu5 members  
develop argillaceous deposits of shore-shallow 
lacustrinepalustrinedepositional system, with some coal and 
thin sandbodies. The Xu2, Xu4, and Xu6 members 
developbraided river delta depositional system, dominating 
largesandbodies, with some conglomerates. 

With the observations of outcrops, core, and 
expoxyimpregnated thin-sections, plus analysis of SEM and  
XRDresults, five types of diagenetic facies have been proposed 

for the two depositional systems. 
1. In braided river delta depositional system, compositional 

maturity of sandstones is high, with abundant rigid grains. 
Four diagenetic facies develop, including clay coats-
intergranular pore facies, quartz overgrowthauthigenic clay-
micropore facies, quartz overgrowthfracture facies, and 
carbonate cement tight facies. 

2. In shallow lacustrine-palustrine depositional system, 
compositional maturity of sandstones is low, with dominant 
ductile grains such as phyllite, volcanics and carbonates, 
resulting compaction-carbonate cementation tight facies. 

3. Existence of rigid grains, chlorite or illite coats, 
dissolution of K-feldspar and volcanic rock fragments, and 
fractures are favorable for the formation of effective reservoirs. 
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Geochemical mapping of ca. 180 Ma Karoo continental 
flood basalts in the Tete province, central Mozambique, 
reveals compositional variability that may reflect the amount 
of recycled pyroxenite source components. Two principal 
categories of flood basalts can be distinguished based on trace 
element characteristics: 1) Chemically diverse lavas and dikes 
from the Lupata trough and the Moatize-Luia graben are low-
Ti to high-Ti tholeiites (TiO2 1.0—4.1 wt.%) and mildly 
alkaline basalts that show high primitive mantle-normalised 
(Nd/Y)N (1.3—3.7) typical of intra-plate magmas generated at 
high pressures. 2) A suite of high-Mg tholeiite lavas and dikes 
from the Moatize-Luia graben show notably low TiO2 (0.3—
1.2 wt.%) and (Nd/Y)N (0.7—1.3) that overlap with those of 
MORB and point to generation at lower pressures.  

The ratios of highly incompatible elements and preliminary 
Nd and Sr isotope data suggest that the studied rocks may have 
been contaminated with crust and lithospheric mantle. We 
have therefore used contamination resistive Zn/Fe to address 
the importance of peridotite (low Zn/Fe) and pyroxenite (high 
Zn/Fe) source components. The relatively high values of 
fractionation-corrected Zn/Fe (11±1 x10-4) in the high-(Nd/Y)N 
samples suggest that the high-pressure magmas have been 
derived from a pyroxenite-rich source at high pressure. In 
contrast, the low-pressure suite, characterised by MORB-
affinity (Nd/Y)N, low Zn/Fe (8±1 x10-4) as well as low-Ni 
olivine and high-Al spinel phenocrysts, may have been derived 
from a pyroxenite-free mantle source. 
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Snow and glacial ice cover about 10% of Earth’s surface 
and their surfaces are colonized by various extremophilic 
microbial communities. Among these, green and red snow 
algae and ice algae are important primary colonisers and 
producers1. Furthermore, due to the development of variable 
pigmentation during their life cycle and their wide-spread and 
seasonal distribution they can have a significant effect on 
surface albedo. Snow and ice algae survive and even thrive in 
harsh cryogenic environments, yet, the relationships between 
environmental conditions and microbial abundance, diversity 
and function are still poorly understood.   

Here we present results from a study on C and N cycling 
on 6 glaciers around Kongsfjoerden (Svalbard, Norway) during 
the 2013 summer melt season. A total of 66 samples 
representing various habitats were analysed for carbon (TC, 
OC, DOC, biomass and C isotopes), and nitrogen (TN, DIN 
and N isotopes) species and the results were cross-linked to 
biochemical inventories (algal metabolic fingerprints, pigment 
and fatty acid compositions) as well as microbial diversity and 
function (18S and 16S rRNA and metagenome sequencing). 
With a total carbon content (dry sediment weight) of up to 
35% (mainly organic C) and DOC values of up to 100 µM C, it 
is clear that areas with high abundance of algae are an 
important source but also a prime recycler of carbon in the 
various glacial habitats. Similar trends in C/N ratios were 
observed for all glaciers with the highest nitrogen limitation in 
areas colonised by red snow algae (16 ± 2.8), followed by ice 
algae (11 ± 1.3) and green snow algae (10 ± 2.7). This N 
limitation can be linked to high bulk lipid and secondary 
carotenoid contents found in red snow algae. d15N values 
ranged between -8.9 and 4.2‰, but were predominantly 
negative reflecting the atmospheric source of the nitrogen and 
near complete N assimilation. Overall, algal communities 
contribute significantly to the C budget on all studied glaciers. 
However, N availability plays a major role in controlling their 
abundance, diversity and function.  
 
[1] Lutz et al (2014). FEMS Microbial Ecology (in review). 
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Hypersaline ecosystems are known for harboring diverse 

microbial communities comprised of all three domains of life 
and tend to yield novel species of microorganisms.  These 
ecosystems are globally distributed across a broad range of 
both aquatic and terrestrial environments, and as such,  
hypersaline soils and sediments have been largely neglected in 
microbial ecology and biogeochemical studies.  This is 
especially true for hypersaline playa environments, which are 
remnants of ancient lake basins.  Across the globe, numerous 
large paleolakes from the late Pleistocene/early Holocene have 
gradually transitioned to modern day hypersaline playas such 
as the Chott el Gharsa of Northern Africa, the Salar de Uyuni 
of Bolivia, Death Valley in southern California and the Great 
Salt Lake Desert in northwestern Utah.  Often, these paleolake 
basins maintain closed groundwater systems that allow for 
continual wetting of the playa sediments and hence provide a 
supporting environment for modern day microbial ecosystems 
that produce microbially induced sedimenetary structures 
(MISS).  Here we will present a first look at the MISS 
discovered in the Pilot Valley Basin of the Great Salt Lake 
Desert, Utah.  We will show the diversity of these structures at 
both the macro and micro scale and discuss the plausible 
connection between these biogenic fabrics and the authegnic 
calcium carbonates and other evaporites that make up the 
complex sediments in this hypersaline playa. 
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Previous studies have shown an excellent positive, linear 

correlation between Ni and MgO in basaltic lavas [1]. This is 
not observed in Kilauea basalts, which exhibit a large range of 
Ni for a given MgO (e.g. a factor of two at 7.0 wt.% MgO). To 
better understand the cause of this variation, we analyzed 
olivine crystals and their host lavas from the long-lived (1983-
present) Puu Oo eruption and compared them with lavas from 
Kilauea’s East Rift Zone (ERZ) and summit eruptions from 
1924-1983. These lavas were derived from geochemically 
distinct parental magmas [4, 5].   

Whole-rock Ni variation for Kilauea eruptions shows two 
distinct fields: high-Ni and low-Ni. Puu Oo whole-rock Ni 
generally varies by a factor of two for a given MgO content 
and defines the low-Ni field. ERZ and summit lavas are 
distinct from the Puu Oo eruption  and define a “high-Ni” field 
(up to 50% greater Ni for a given MgO). Early lavas from the 
Puu Oo eruption (Ep. 1-15, 1983)  have Ni values that overlap 
the two fields, and represent the mixing of geochemically 
distinct magmas. High precision electron microprobe analyses 
of olivine show NiO variations that represent different parental 
magmas. Olivines in lavas from the ERZ eruptions (prior to 
1983) and early Puu Oo episodes are generally higher in NiO 
(up to 0.20 wt.%) than similar forsterite olivines erupted from 
1984-present. No other compatible transition metal (Cr, Zn, 
Mn) clearly shows this distinction. To explore the potential 
cause of the Ni variation we calculated the pyroxenite 
component in the parental magmas for these lavas using the 
methods of [6]. Preliminary results show that the ERZ and 
early Puu Oo lavas are derived with a somewhat higher 
fraction of pyroxenite component (0.59-0.72) in the source 
than later Puu Oo lavas (0.49-0.64). This may account for the 
high-Ni and low-Ni geochemical fields observed for Kilauea. 

 

[1] Hart and Davis (1978) EPSL 40, 203-219 [2] Wright, T.L. 
(1971) USGS Prof. Paper. [3] Hoffman et al (1984) Contrib. 
Min. Pet. 88, 24-35 [4] Marske, J.P, (2014) unpub. data. [5] 
Garcia et al (2003) J. Petrol. 44, 2313-2339 [6] Gurenko et al 
(2009) EPSL 277, 514-524 
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Nanomineralogy is the study of Earth and planetary 

materials at nanoscales, focused on characterizing nanofeatures 
(such as inclusions, exsolution, zonation, coatings, pores) in 
minerals and rocks, and revealing nanominerals and 
nanoparticles [1,2]. With advanced high-resolution analytical 
scanning electron microscope, we are now capable to 
characterize geomaterials easier and faster down to nanoscales. 
During our ongoing nanomineralogy investigation of 
meteorites since 2007, more than twenty new minerals have 
been discovered at micron to nanoscales [3]. 14 of them are 
from the Allende meteorite, including refractory minerals like 
panguite, kangite, tistarite, allendeite and hexamolybdenum, 
which are among the first solids formed in the solar system. 
Each of the new extraterrestrial minerals reveals distinctive 
forming environments, providing new insights into nebula or 
parent-body processes. Around 45 refractory minerals 
(identified to date) plus about 15 presolar minerals mark the 
beginning of the solar mineral evolution 4.568 billion years 
ago. Presented here are a few projects demonstrating how 
nanomineralogy works and plays a unique role in 
cosmochemistry research and in preparation for sample return 
missions. 

 
[1] Ma (2008) Eos Trans. AGU, 89, abs MR12A-01  
[2] Ma (2010) American Mineralogist, 95, 188-191  
[3] http://www.its.caltech.edu/~chima/ 
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The weathering materiers were drilled from a Cenozoic 

basaltic weathering profile produced in Hainan Island, China. 
Major and trace elements and minerals were analyzed. The 
traditional 87Sr/86Sr ratio and non-traditional 88Sr/86Sr ratio 
(δ88Sr) were also measured using by MC-ICP-MS. Data show 
that the primary minerals, such as pyroxene, feldspar are 
gradually decomposed in the weathering profile from the 
bottom to the upper zone and, to the contrary, second minerals, 
such as montmorillonite, gaolinite are gradually increased. 
With the decomposition of primary minerals, the labile 
elements, such as K, Ca, Na, Mg, Rb, Sr et al, were released 
from the profile and moved into solutions. The data of 
traditional 87Sr/86Sr ratio in the weathering product indicate that 
radiogenic Sr isotope composition in weathering profile are 
also controlled by the mineral decomosition, especially 
feldspar. The non-traditional non-traditional 88Sr/86Sr 
ratio(δ88Sr) were firstly reported in the weathering profile. 
δ88Sr in the parent rock is 0.26, similar to those of mantle 
samples. In the whole weathering product, the vriation of δ88Sr 
are positively correlated to the feldspar compositions, namely, 
high δ88Sr values are existed in the weathering pruduction with 
high feldspar composition, which suggests high mass 88Sr are 
preferentially leached when the feldspar are decomposed. In 
the upper weathering profile without the primary minerals, the 
traditional 87Sr/86Sr ratio and non-traditional δ88Sr are 
significanlty higher than these of the bottom weathering 
product, which Sr isotopes are mainly controlled by the 
process of Sr resorption into the second minerals.  
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Anthropogenic forcings have dominated metal cycling in 

many environments. During the period of the industrial 
revolution, mining and smelting of ores and combustion of 
fossil fuels released non-negligible amounts of potentially 
toxic metals such as Pb, Cd, Mn, and Zn into the environment. 
The extent and fate of these metal depositions in soils during 
that period however, have not been adequately evaluated. 
Here, we combine Pb, Cd, and Zn sotopes to trace the sources 
of metal pollutants in a small temperate watershed (Shale 
Hills) in Pennsylvania. Previous work has shown that Mn 
additions to soils in central PA were likely caused by early iron 
production, as well as coal burning and steel making upwind. 
Pb and Cd concentrations in the soils from this watershed are 
best explained as atmospheric additions. Pb isotope results 
further reveal that the extensive use of local coals during iron 
production in the early 19th century in Pennsylvania was most 
likely the anthropogenic Pb source for the surface soils at 
Shale Hills. 

Furthermore, Cd and Zn in such iron furnaces are expected 
to have low boiling points (<1000 °C) that could easily lead to 
repetitive evaporation and condensation. These processes 
could generate systematic mass-dependent isotope 
fractionations between coal burning products and the naturally 
occurring sulfide minerals in the coals. Cd and Zn isotopes can 
be used as novel tracers of materials that have been affected by 
industrial high temperature processes, distinguishing them 
from natural sources. Our ongoing Cd and Zn isotope 
measurements in the same soil profiles thus hold significant 
promise for tracing anthropogenic sources of these highly toxic 
metals in the environment. Our study highlights the importance 
of using multiple isotope systems to identify historical point 
sources and the use of such isotopes to quantify industrial 
inputs to metal contamination to top-soils. 
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Mg stable isotopic ratios have great potential as a natural 

tracer to elucidate weathering processes and biogeochemical 
pathways in surficial environments. Here, we investigated the 
Mg isotope fractionation during shale weathering under a 
temperate climate in northeastern USA. Mg isotope ratios were 
measured systematically in soil profiles and pore waters, 
groundwaters, and stream waters along a planar hillslope from 
a shale bedrock catchment (Shale Hills) in central 
Pennsylvania. Significant fractionation of Mg isotopes during 
shale weathering is clearly observed: δ26Mg values of stream 
and soil pore waters are about ~0.5 ‰ to 1 ‰ lighter than the 
bedrock. Soil samples are up to ~0.14‰ lighter than the 
bedrock, suggesting a heavy Mg isotope reservoir is “missing” 
from our measurements. Based on a mass balance model, we 
infer that this missing heavy Mg reservoir (δ26Mg ~1.6‰) is 
particulate Mg lost from the hillslope transect during shale 
weathering. Furthermore, soil samples show a clear decreasing 
trend of δ26Mg values with increasing weathering duration 
toward the surface. We suggest that the accumulation of light 
Mg isotopes in surface soils at Shale Hills is due to a combined 
effect of i) mobilization of isotopically light Mg solute during 
clay dissolution and re-precipitation in vermiculite; and ii) loss 
of isotopically heavy particulate Mg as micro-sized particles. 
Our study provides the first field evidence that changes in clay 
mineralogy affect the Mg isotope compositions of residual 
bulk soils. This example also demonstrates that loss of 
isotopically distinct fine particles from clay-rich systems could 
be a new and important mechanism to drive the Mg isotope 
compositions of silicate weathering residuals in an opposite 
direction as normally expected, i.e. to lighter Mg values 
instead of heavier values. 
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Arsenic (As) in groundwater and drinking water is a global 

concern [1]. Different absorbents have been developed to 
remove As from groundwater and drinking water through the 
years [2]. However, orthophosphate, if present in the aqueous 
phase, could compete with As during the adsorption process 
and decrease removal efficiency. In order to explore the impact 
of orthophosphate on As sorption, struvite (MgNH4PO4⋅6H2O, 
MAP), a mineral that can be found in nutrient-rich solutions 
such as wastewaters, and hydroxylapatite (Ca5(PO4)3OH, 
HAP), were used to remove As from solutions at pH 8-11. 
More As was removed as the pH was increased from 8 to 11 
for both MAP and HAP in the form of pentavalent As, As(V). 
For pH 10 and 11, the As concentration of the solids were 237, 
374 and 70, 74 ppm for MAP and HAP, respectively. Using a 
33P radiotracer, it was revealed that MAP and HAP both 
possessed two types of active sites at pH 10 and 11. The 
coordination environment for As was determined by X-ray 
absorption fine structure spectroscopy (XAFS). For MAP, the 
bond distance and coordination number (CN) for the first As-O 
shell did not change from pH 10 to 11. However, the As-Mg 
distance and CN increased from pH 10 to 11, which indicated 
that both monodentate and bidentate surface complexes were 
formed and more bidentate surface complexes were formed at 
pH 11. For HAP, both bidentate and multidentate surface 
complexes were formed based on the fitting results of the first 
As-O shell and the first and second As-Mg shells.  
 
[1] Smedley & Kinniburgh (2002), Appl. Geochem. 17, 517-
568 [2] Mohan & Pittman (2007), J. Hazard. Mater. 142, 1-53 
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The coal seams in the Permian Taiyuan Formation and the 
Carboniferous Shanxi Formation are the primary reservoirs for 
the coalbed methane (CBM) in the Hancheng region in the 
Ordos Basin. In this paper, the origin and evolution of waters 
associated with CBM production were studied on the basis of 
water chemistry and isotopes including the chloride and iodine 
compositions, oxygen and hydrogen stable isotopes, and 
radioactive isotope ratio of 129I/127I. The ratio of 129I/127I of 
water was determined by accelerator mass spectrometry 
(AMS). The result shows that the formation water is of 
NaHCO3 and NaCl types with the total dissolved solids (TDS) 
varying from 1532.29 mg/L to 7061.12 mg/L. The values of 
129I and I/Cl ratio indicate that the formation waters were 
diluted by meteoric water. The 129I/127I ratios range from 
6.6×10−13 to 1459.5×10−13. The 129I/127I ratios for most of the 
samples are between the 129I/127I initial value and that of recent 
anthropogenic water. This age of the formation water samples, 
obtained through the 129I decay curve method, ranges from 0 
Ma to 18.5 Ma, suggesting that the waters from the Taiyuan 
Formation and the Shanxi Formation are very young. Two 
different origins of water are identified in the Hancheng 
region. One group is dominated by pre-anthropogenic meteoric 
water, and is characterized by 129I/127I ratios lower than the 
initial value of 15×10−13 and δD, δ18O values of waters below 
the Global Meteoric Water Line. The other group is 
characterized by 129I/127I ratios in excess of 15×10−13, which has 
undergone variable degrees of dilution by recent anthropogenic 
water. 
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The dolomite problem has been a matter of debate for 

decades. The argument centers mainly on the rare presence of 
Holocene dolomite and generally unsuccessful precipitation 
under low temperatue experimental conditions. Similarly, 
incorporation of high Mg content into calcite is also hard to 
achieve abiotically under ambient conditions although 
biological high magnesian calcite (HMC) is wide spread. 
There is a broad consensus on these issues that the obstacle to 
synthesis of anhydrous Mg-bearing carbonates virtually lies in 
the dehydration barrier of Mg2+ in solution before it is 
incorporated into the lattice. Recently, considerable progress 
has been made on synthesis of HMC at low temperatures. 
Among these studies, amorphous calcium carbonate (ACC) is 
believed to be a vital precursor to preserve magnesium. Herein 
we report the formation of high magnesian calcite and 
disordered dolomite under mild conditions. Our experiment 
results suggest that the preliminarily formed Mg-rich 
amorphous phase might have undergone a nonclassical 
crystallization process leading to formation of disordered 
dolomite (with MgCO3 content up to 49.9 mol %), which could 
substantially enhance Mg occlusion by preventing its release 
into solution due to dissolution. We propose that this 
transformation process is predominantly solid-state mediated, 
and pCO2 as well as pH were believed to be critical factors to 
maintain such transformation. This particular transformation 
process from ACC to calcite structure enhances effective 
reservation of magnesium in the crystalline phase so that 
dehydration of magnesium no longer acts as a prerequisite for 
the formation of HMC or dolomite. Therefore, the finding may 
be indicative of biological regulation of phase transformation 
in the formation of high magnesian carbonate minerals. 
Furthermore, now that the synthesis of dolomite through 
disordered analogues has been proved feasible in many 
hydrothermal experiments, our work may help pave the way 
towards a full insight into the dolomite problem. 
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In the Arctic Ocean, ice rafting is the most efficient 

mechanisms for the dispersal of detrital sedimentary material 
over ridges and between deep basins. However, it is difficult to 
link the radiogenic isotope signatures (Pb, Sr, Nd) of sediments 
to continental sources or to their dissolved fluxes from large 
rivers, thus to unequivocally use such tracers for reconstructing 
ice sources and routes during past interglacial intervals. Under 
full glacial conditions, notably during the last glacial cycle, 
isotopic sediment "sources" were mostly linked to streaming 
and melting along large ice-sheet margins (i.e., along the 
Canadian Arctic, the Barents-Kara Sea and likely from a shelf-
based ice-sheet in the East Siberian Sea). Under the present 
geographical conditions, the large continental shelves of the 
Arctic Ocean control ~2/3 of the terrigenous sedimentary flux 
through coastal erosion, whereas the Mackenzie River provide 
the other ~1/3. Under such conditions, dissolved or particulate 
isotopic signatures of large river, but the Mackenzie, do not 
necessarily label sediment sources. Marine surface sediments 
from the circum-Arctic shelves are more likely to illustrate 
these sources. Here, we added ~30 sites to a database from 
literature, notably with new data from the East Siberian Sea 
area. A few major isotopic "shelf provinces" can be now 
identified based on their Sr, Nd and Pb isotope signatures: the 
Arctic Canadian shelf (εNd from -15.2 to -12.1, 87Sr/86Sr from 
0.724 to 0.739 and 206Pb/204Pb ~18.9); the Mackenzie-Beaufort 
Sea shelf area (εNd ~ -14.7, 87Sr/86Sr ~ 0.730 and 206Pb/204Pb 
from 19.0 to 19.5) ; the Bering Strait/Chukchi Sea areas (εNd 
from -9.5 to -7/0, 87Sr/86Sr from 0.712 to 0.713 and 206Pb/204Pb 
from 19.0 to 19.3); the East Siberian Sea (εNd from -8.9 to -
7.4, 87Sr/86Sr ~ 0.711 and 206Pb/204Pb from 18.7 to 19.0) ; the 
Laptev Sea (εNd from -15.2 to -12.2, 87Sr/86Sr from 0.715 to 
0.719 and 206Pb/204Pb from 18.6 to 19.0). Data from particulate 
matter in sea-ice rafts from the Arctic Ocean and the Bering 
Sea fall within the range defined by surface sediments from 
these margins. 

 



 Goldschmidt2014 Abstracts  
 

 

1558 

1558 

The relationship between clumped 
isotope temperatures and burial 

depth in dolomitic sequences 
J. M. MACDONALD1*, C. M. JOHN1 AND J. P. GIRARD2 

1Carbonate Research, Dept. Earth Science and Engineering, 
Imperial College London, SW7 2AZ  
(*correspondence: john.macdonald@imperial.ac.uk 
cedric.john@imperial.ac.uk)  

2TOTAL, CSTJF, Ave Larribau, 64018 Pau  
(jean-pierre.girard@total.com) 

 
Clumped isotope analysis offers a robust method to 

determine temperature and fingerprint the isotopic composition 
of paleo-fluids in carbonates. The method has been widely 
used on surface and near-surface samples but in this study, we 
investigate the effects of burial on clumped isotope systematics 
in subsurface samples. 

We present clumped isotope data from a suite of Upper 
Jurassic dolostones and limestones from the Aquitaine Basin, 
southwest France. Early Cretaceous rifting led to burial of 
these carbonates [1] to depths ranging from 1.0 to 5.5 km, 
depending upon their location in the basin. Limestones from 
1.0 to 1.6 km and dolostones from 2.6 to 5.5 km were analysed 
for clumped isotopes. Preliminary data from a subset of 
samples revealed that both temperature and palaeo-fluid δ18O 
composition increase with depth: a relatively low-burial 
limestone sample (1.6 km depth) records a temperature of 45 
°C and a palaeo-fluid δ18O (SMOW) of 2.4 ‰; the deepest 
sample measured so far, a dolostone from 5.3 km depth, 
records a temperature of 146 °C and a palaeo-fluid δ18O 
(SMOW) of 7.7 ‰. The calibration of Passey and Henkes [2] 
was used to determine temperature in the CDES scale [3]. 
Palaeo-fluid δ18O compositions were calculated using the 
equation of Land [4] for dolomite and Friedman and O’ Neil 
[5] for calcite. 

Our initial interpretation is that the increasing temperature 
and palaeofluid δ18O composition with depth suggest multiple 
burial recrystallisation events. However, a higher depth-
resolution dataset is being acquired to further constrain the 
processes affecting clumped isotopes during burial diagenesis.  

 
[1] Biteau et al (2006) Pet. Geo. 12, 247-273 [2] Passey and 
Henkes (2012) EPSL 351-352, 223-236 [3] Dennis et al (2011) 
Geochim. Cosochim, Acta 75, 7117–7131 [4] Land (1980) 
SEPM Spec. Pub. 28, 87-110 [5] Friedman and O’ Neil (1977) 
U.S. Geol. Surv. Prof. Paper 440 
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Rock varnish, i.e. a thin coating on rock surfaces 
consisting of clay minerals cemented by Mn and Fe 
oxihydroxides, has still not been proven to have either a 
biological or geological origin or a combination of both. In 
order to elucidate overall formation mechanisms, we have 
investigated samples from the Mojave Desert, CA, USA, the 
Negev Desert, Israel, and the Knersvlakte, South Africa using 
microscopic and mass spectrometric techniques.  

Microscopic investigations revealed the thickness of 
coatings to vary between 4 and 120 µm, being deposited on 
different types of host rocks. Within varnishes we studied 
internal structures such as layering and botryoidal structures. 
Element mass fractions and Pb isotopes were determined by 
in-situ femtosecond LA-ICP-MS. The data demonstrate that 
the ratios of Mn/Fe (0.04-20), Mn/Ba (4-300) and 
(SiO2+Al2O3)/MnO (0.3-18) exhibite strong variations. 
208Pb/206Pb ratios of the samples from the Knersvlakte were 
significantly higher than those from the Negev Desert. Co, Pb, 
Ba and P were substantially enriched in all varnish samples 
compared to the upper continental crust. Chondrite-normalized 
REE patterns revealed significant positive Ce and small 
negative Eu anomalies (Fig. 1). This result strengthens the 
hypothesis of a direct aqueous atmospheric deposition, 
previously established for varnish samples from the Mojave 
Desert and Death Valley [1]. The positive Ce anomaly may be 
caused by a REE leaching reducing environment (Ce3+) to an 
oxidizing environment (Ce4+) where cerianite can precipitate 
[2]. Our investigations on element compositions and Pb 
isotopes indicate that the genesis of desert varnish is complex 
and processes may differ between different deserts. 

Fig. 1: REE patterns of varnish from different locations 
 
[1] Thiagarajan & Lee (2004) EPSL 224, 131-141 [2] Braun et 
al (1989) GCA 54, 781-795 
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The abundance of many atmospheric pollutants (such as 

methane, ozone, CO, sulfate and some organic compunds) is 
controlled by emissions and the oxidizing power of the 
troposphere. All tropospheric chemical reactions are driven by 
photolysis. Aerosol particles can influence chemical 
processing in the atmosphere by affecting photolysis, via 
scattering and absorption of light [1].  

Many models approach the treatment of optical properties 
differently. Particles are commonly treated as homogenous 
mixtures of different components, but there is evidence that 
many particles exist as core-shell mixtures [2]. Much of the 
discussion of the impact of aerosol on the atmosphere has 
focused on the direct radiative impact of particles, which core-
chell treatment can significantly affect [3]. It has also been 
shown that absorption strengthens towards shorter (UV) 
wavelengths, more relevant to photolysis and thus drivers of 
tropospheric chemistry [4]. 

This study presents an analysis of the impact of treating 
aerosol as core-shell mixtures, more specifically on photolysis 
rates. We also addresses some of the variations in model 
aerosol optical properties. The impacts on pollutants and 
chemical processing are discussed 

 
[1] Martin et al (2003) J. Geophys. Res. 108, 4097 [2] Moffet 
and Prather (2009) Proc. Natl. Acad. Sci. 106, 11, 872-11, 877 
[3] Jacobson (2000) Geophys. Res. Lett. 27, 217-220 [4] 
Kirchstetter et al (2004) J. Geophys. Res. 109, D21208 
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Rodingites as boudined dikes occur in serpentinized 
harzburgites in the Deh-Shir opholite complex west of Yazd 
province in Central Iran. They are formed by metasomatic 
processes influenced on basic dikes which intruded the host 
harzburgites [1]. At first percolation of Ca-enriched fluids 
during serpentinization could have led to the initial 
development of static or pervasive rodingitization. This early 
metasomatic stage is followed by following mineral 
assemblage: 
Hydrogrossular+vesuvianite+prehnite+epidote+chlorite+ 
termolite+ actinolite±relict pyroxene 

Pectolite, ideally Ca2NaH(SiO3)3, occurs as a major late 
veinlets in early rodingitized gabbroic dikes. There are also 
other veinlet mineral phases: xenotlite, wollastonite and 
prehnite. All of them refer to development of final dynamic 
rodingitization. All of reactions regarding to Ca2+ 
metasomatism and onset of rodingitization remove the alkalis 
from the isovolume system. We suggest an acid-leaching 
process is engaged to leach and remove Na+ from 
decomposition of plagioclase of host gabbro so the appearance 
of pectolite may be visualized by following reaction: Na+ 
+2Ca2++ 3SiO2+ 3H2O = Ca2NaH (SiO3)3 + 5H+ 
 
[1] Mackizadeh, M. A., 1997, Petrology and geochemistry of 
Deh-Shir opholites with emphasized on relate hydrothermal 
alterations (Rodingitization and listvenitization), M.SC. thesis 
(In Farsi), University of Isfahan, 149 pp. 
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Study Area 

The Konza Prairie LTER Site is a midcontinent, mesic 
tallgrass prairie used exclusively for ecologic, hydrogeologic 
and geologic research. Water chemistry has been monitored 
quarterly to monthly in ground- and stream-water since 1990 
in the lower one-fourth of an upland watershed. This 
headwater stream is unaffected by human-contamination 
except what may be delivered from the atmosphere. The 
watershed is burned every four years and a herd of ~250 bison 
roams freely over 10 km2 of the research area, including the 
1.2 km2 study watershed. 
Methods 

Standard methods are used to collect and preserve 
groundwater and streamwater samples (Teflon bailer with 
removal of stagnant well water before sampling; delivery into 
precleaned bottles; filtering through 0.45µ single-use filters; 
cation preservation by acidification), and for chemical analysis 
(ICP-OES for cation determination, titration alkalinity, IC for 
other anion determination). pH is measured in the field, after 
meter calibration verification, in a closed, insulated container. 
pCO2 is calculated using the method described in Macpherson 
et al (2008). 
Results and Discussion 

The data show increasing pCO2 and decreasing pH. The 
trend identified by Macpherson et al (2008) through 2005 
(~20% increase in groundwater pCO2) continues to the present, 
although the rate of CO2 increase in the past 4 years has 
decreased, probably because of drought. The increase in 
groundwater pCO2 is accompanied by a decrease in pH: from 
1990 to 2012, the average annual pH predicted from the pCO2 
decreased from about 7.6 to 7.5. However, measured field pH 
in 2011, for example, averaged about 7.0, suggesting the 
increase in groundwater pCO2 is greater than predicted.  

The stream draining the watershed is dominated by 
groundwater discharge and shows increased pCO2, which 
partially degasses, and decreasing pH. These trends have 
serious implications to stream ecology and the global C cycle. 
 
[1] Macpherson et al (2008), Geochimica et Cosmochimica 
Acta 72, 5581-5599 
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Multi-component diffusion in silicate melts or across melt-
solid boundaries is the rate-limiting process in many natural 
situations, including magma mixing, crustal melting, 
assimilation, and impact metamorphism and melting1. Past 
studies of these processes mostly focused on melts with less 
SiO2 than typical rhyolites (i.e. ≤75 wt.% SiO2). This study 
examines compositions between rhyolite and pure SiO2. In 
particular, we investigate chemical diffusion between pure 
silica inclusions (lechatelierite) and surrounding felsic glass in 
natural tektites and experimental analogues. 

Concentration profiles across lechatelierite-host glass 
contacts in a natural tektite indicate diffusion between the two 
melts at high temperatures prior to quenching. Measured 
profiles of all oxide components are asymmetric in shape 
(indicating composition-dependent diffusion), and parts of 
these profiles indicate uphill diffusion of K2O. We used the 
MELTS liquid activity-composition model2 to convert 
composition to chemical potential, revealing that apparent 
uphill diffusion is primarily driven by non-ideal mixing in the 
melt. However, these models are hindered by uncertainty in the 
thermal history of the sample. We undertook a series of 
melting experiments using an aerodynamic levitation laser 
furnace with a starting mixture of powdered natural tektite + 
60-100 µm quartz grains at 1800-2200˚C from 1-120s. 
Comparison of the textures of these experimental products 
suggest minimum times and temperatures for the formation of 
lechatelierite of ~ 50 s at 2000 ˚C. Continued analysis of these 
experimental products will examine compositional gradients 
across silica-rhyolite contacts.  
 
[1] Liang (2010), Rev. Mineral. Geochem. 72, 409-446 [2] 
Ghiorso & Sack (1995) Contrib. Mineral. Petrol. 119, 197-212 
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Isotopologue deficits of up to 200 ‰ are observed in UO2
+ 

species during SIMS gechronological analyses using the 
SHRIMP II instrument. These are most easily identified by 
bombarding natural U-bearing minerals with an 18O2

- primary 
beam. The large anomalies are associated with repeat analyses 
down a single SIMS sputtering crater, analysis of high-
uranium, radiation damaged zircon, and analysis of 
baddeleyite. Analysis of zircon under routine conditions yield 
UO2

+ isotopologue anomalies generally within error of 
equilibrium. As the conditions under which the isotopologue 
anomalies are observed are also conditions in which the UOx-
based corrections for relative U vs Pb ionization efficiencies 
fail, the existence of these isotopologue anomalies suggest that 
failure of the various UOx species to equilibrate with each 
other is the reason that none of them will successfully correct 
the U/Pb ratio. No simple isotopologue-based correction is 
apparent. 

Isotopologue abundances for UO+ and ThO+ and their 
energy spectra are consistent with most or all molecular 
species being the product of atomic recombination when the 
primary beam impact energy is greater than 5.7 kV. This, in 
addition with the large UO2

+ instrumentally generated 
isotopologue disequilibria, suggests any attempts to use SIMS 
to detect naturally occurring isotopologue deviations could be 
tricky. 
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In Santa Barbara basin sediments, sulfate reduction is 

driven by both anaerobic oxidation of methane and organic 
matter oxidation. Here, we investigate the source of substrates 
supporting methane production below this zone. In Santa 
Barbara Basin, the sulfate-methane transition (SMT) is located 
at ~1.3 m depth. Methane concentrations were <0.2 µM 
between the sediment surface and 1.2 m, and increased linearly 
to >10 mM below 2 m. The origin and fate of methane within 
and below the SMT were investigated by measuring stable- 
and radio-isotopes of methane (δ13C-CH4 and Δ14C-CH4, 
respectively). δ13C-CH4 values were the lowest (-93‰) at the 
SMT, becoming more positive above and below. Below the 
SMT, Δ14C-CH4 values ranged between -400 and -420‰ at 1.5 
m and decreased to -490 ‰ at 2.5 m. Δ14C values of dissolved 
inorganic carbon (DIC) were more positive at all depths, 
ranging from -384‰ at 1.5 m to -428‰ at 2.3 m, and 
correlated linearly with Δ14C-CH4 values. Δ14C values of the 
particulate organic carbon (POC) were also linealry correlated 
to Δ14C-CH4 values, but clearly more positive, ranging from -
280‰ to -329‰. This presentation will discuss the 
biogeochemical processes responsible for these changes, and 
focus on the role of methane. 
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Structural surveys are essential in most modern mineral 

explorations. A geologically-constrained predictive porphyry 
Copper potential map is prepared in Sarcheshmeh copper 
mine, the second largest copper deposit in the world, by using 
the advantages of the fuzzy logic theory. Also specific 
relations of known porphyry Copper deposits and structural 
features in the Sarcheshmeh area is evaluated by using weights 
of evidence modelling. In this regard, evidential layers of 
hydrothermal alteration units, batholithic margins, pluton 
centroids and faults are combined by fuzzy gamma operator to 
delineated porphyry Copper potential zones. The results of the 
study show that the area could be divided into four areas: non-
potential (87.65%), weak potential (10.70%), moderate 
potential (1.24%) and good potential for porphyry Copper 
deposits (0.41%). 
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Food and water availability fundamentally impact modern 
human behavior, and also hold hypothetical importance during 
the course of early human (hominin) evolution. Ocean and lake 
sediments provide crucial context for understanding regional 
climate change, but cannot resolve local ecohydrologic details 
that ultimately shape evolutionary processes. Here, we present 
biomarker and stable isotopic signatures for organic matter 
preserved in syndepositional soil (paleosol) sediments from a 
~0.25 km2 area encompassing the iconic FLK Zinjanthropus 
(FLK Zinj) archaeological locality at Olduvai Gorge, dated to 
1.839 million years ago. Leaf-wax δ13C values vary from –19.4 
to –33.1‰. Respective leaf-wax δ2H values span nearly 40‰, 
but converge near –7‰ when corrected for differences in 
isotopic fractionation among plant functional types. Paired 
δ13C–δ2H values reveal sharp differences in (micro)habitat 
structure around FLK Zinj in which grassland surrounded 
discrete forest and wetland patches. Leaf-wax δ2H values 
correlate with δ18O values for attendant carbonate minerals, 
suggesting groundwater availability was a key influence on 
microhabitat distribution. Densest accumulation of hominin 
remains occurs within the confines of the forest patch, and we 
conclude hominins earmarked FLK Zinj because it afforded 
refuge and water in an otherwise harsh environment. 
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Lithium contents and isotope compositions were 
determined for a suite of martian meteorites, including Tissint 
and breccia NWA 7034. The latter meteorite is considered 
representative of ancient, chemically distinct martian crust. 
The ranges in Li abundances and isotope ratios in most 
chassignites and shergottites are similar to terrestrial 
peridotites and basalts and provide further constraints on the 
δ7Li homogeneity of inner Solar System planetary bodies. The 
estimated δ7Li of the martian mantle is 4.2‰, indistinguishable 
from that of the Earth, Moon and Vesta. The absence of 
correlations with indices of magmatic fractionation (Mg#) 
and/or incompatible element depletion (La/Sm) indicates 
decoupling of Li from these parameters. The source of 
enriched shergottites probably underwent olivine segregation 
resulting in slightly elevated δ7Li in the most primitive 
members (LAR 06319) relative to depleted/intermediate 
shergottites. Part of the δ7Li variation may also be linked to 
AFC processes. The lack of heavy δ7Li in nakhlites with 
abundant alteration products suggests ephemeral activity of 
low-T fluids on the martian surface. From coupled Li–Cl, 
systematic variations towards high [Li] and low δ7Li in 
shallow-seated nakhlites imply active percolation of sub-
surface hydrothermal Cl-rich fluids/brines after crystallization 
of augite, but the exact timing of fluid/brine percolation 
remains unknown. These findings are confirmed by an even 
lighter δ7Li paralleled by elevated [Cl] in NWA 7034, although 
a chemically distinctive 'crustal' reservoir appears less 
permissible from radiogenic (Nd, Os) isotope constraints. 

The differences in [Li] and δ7Li between the martian crust 
and mantle are equal in magnitude to the Earth's continental 
crust and mantle and invoke similar partitioning behavior of Li 
in silicate Earth and Mars. The near-identical δ7Li of the 
mantles of inner Solar System bodies (Earth, Mars, Moon, 
Vesta) invoke inability of enstatite chondrites to form the 
major building blocks of the terrestrial planets. 
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Lithium–oxygen isotope compositions are presented for 
several suites of Cenozoic volcanic system associated with the 
Eger/Ohře rift, one of prominent tectonic features of the 
European Cenozoic Rift System (ECRIS). Distinct intrusive 
and effusive lithologies comprising basanites, nephelinites, 
ijolites, melteigites, polzenite varieties and chemically evolved 
rocks such as trachytes, tephrites, urtites, essexites and 
phonolites show substantial regional variations in both [Li] and 
δ7Li values. The high-MgO (>16 wt.%) polzenites to basanites 
to olivine nephelinites from the Devil's wall dyke swarm have 
uniformly low Li contents (5–8 ppm) paralleled by near-
constant pristine mantle-like δ7Li (2.0–4.7‰) whilst primitive 
rocks from the Doupovské hory Volcanic Complex (DHVC) 
having low Li contents (<5 ppm) carry distinctly different δ7Li 
(–0.6 to 3.9‰), implying partial importance of crustal 
contamination and/or fractional crystallization. This can be 
observed in DHVC derivative melts having high Li (up to 30 
ppm) and variable δ7Li (–1.1 to 11.3‰). Basanites and olivine 
nephelinites from the Český ráj area, the eastern truncation of 
the Eger/Ohře rift and the České středohoří Volcanic Complex 
(CSVC) display moderate Li enrichments (5–14 ppm) 
paralleled by variable δ7Li (–2.2 to 6.2‰) despite generally 
high MgO contents (>11 wt.%). This may suggest greater 
reaction of mantle-derived magmas with ambient lower crustal 
wall rocks en route to the surface and/or crystallization of 
peculiar Li-fractionating phases. Modest olivine accumulation 
is not reflected in Li systematics of primitive rocks attesting to 
insignificant Li isotope fractionation during olivine segregation 
or addition into magmatic system. Contrary to this, olivine 
carries mantle-like δ18O compared with the respective bulk 
rock analyses, providing evidence for fractional crystallization 
towards high δ18O in low-MgO derivative melts. A sharp 
increase in δ18O for 'low-MgO' (<7 wt.%) rocks may reflect 
preferential 18O enrichments in evolved silicate melts and may 
also be related to segregation of plagioclase/augite from the 
melt although crustal contamination may be partly responsible 
for δ18O variations in more evolved DHVC lavas. Collectively, 
combined Li–O isotope data for Cenozoic akaline lavas in the 
Bohemian Massif imply extensive magmatic fractionation with 
minor crustal contamination of their mantle sources, as also 
inferred from radiogenic isotopes (Sr, Nd). 
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Psychrophilic microorganisms such as Colwellia 

psychrerythraea are important both as major components of 
global biogeochemical cycles and for specific roles in 
hydrocarbon degradation and bioremediation. Using genomic 
information, we have overexpressed the Colwellia electron-
transfer protein cytochrome c552 in E. coli. We have purified 
the protein and are characterizing its structure, dynamics, and 
energetics by UV-visible absorption, circular dichroism, and 
NMR spectroscopies, X-ray crystallography, and 
electrochemistry. In addition, we are studying the  
homologous protein from the mesophile Marinobacter 
hydrocarbonoclasticus. We report the van’t Hoff enthalpies 
and midpoint temperatures (Tm) of unfolding for the two 
proteins, based on thermal denaturation experiments. The 
results indicate a surprising stability for Colwellia cytochrome 
c552 and suggest that overall protein stability and protein 
dynamics (flexibility) are not simply coupled in this protein. 
We propose a role for specific iron–methionine interactions in 
the protein stabilization mechanism. In addition, structural and 
electrochemical analyses suggest functional adaptations for 
microbial life in the cryosphere. 
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A number of studies have observed kinetic isotope 
fractionation during mineral dissolution. To date, such 
fractionation has been observed for Mg isotopes during olivine 
dissolution, and for Fe isotopes during hornblende, mica and 
goethite dissolution. Such isotope effects, which are also not 
predicted by the typical kinetic description of mineral 
dissolution, provide constraints on the processes occurring at 
the mineral surface during dissolution, and contribute to our 
general understanding of kinetic and equilibrium isotope 
partitioning. To investigate the processes that control Mg 
isotope fractionation during olivine (Fo92) dissolution, we 
performed a series of batch experiments consisting of a three-
phase system of water (± NaCl), olivine, and supercritical CO2 
at conditions relevant to in situ mineral carbonation (i.e. 60˚C, 
100 bar PCO2). In addition to monitoring the changes in 
solution composition through time, we measured the δ26Mg of 
the dissolved Mg during the early stages of dissolution. In all 
experiments, Mg concentrations increase rapidly for the first 2 
days then increase at a constant but slower rate until the 
experiments are stopped (80 to 100 days). Analysis of the solid 
reaction products using a variety of techniques (e.g., XPS, 
SIMS and TEM) indicates the formation of a Si-rich, Mg-
depleted layer on the olivine surface as quickly as 2 days after 
the experiment is started (before the bulk solution reaches 
silica saturation). The δ26Mg of the dissolved Mg decreases by 
approximately 0.4‰ in the first stages of the experiment and 
then approaches the value of the initial olivine (-0.35‰) as the 
steady state dissolution rate is approached.  

We attribute the preferential release of 24Mg to a kinetic 
effect associated with the formation of a Si-rich surface layer 
that develops as protons exchange for Mg2+. To test this 
hypothesis, we developed an ion-by-ion model for olivine 
dissolution. This model is able to reproduce the early rapid 
dissolution rate, the long-term dissolution rate, and constrain 
the early state isotopic fractionation. The inclusion of Mg 
isotopes in this study demonstrates the utility of coupling 
stable metal isotope fractionation with theory to constrain 
interfacial mass transfer processes and how isotopes are 
partitioned during heterogeneous reactions.  
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Most studies on bacterial Fe(III) reduction focused on 

synthesized Fe(III) oxides (e.g.: ferrihydrite, goethite or 
hematite) while a few were done on natural iron ores. 
However, many differences subsist between synthesized and 
natural Fe(III) oxides such as impurities, surface area or iron 
oxide crystallinity. Thus far, the identification of the secondary 
iron minerals resulting from the iron ore bioreduction remains 
poorly documented. The impact of iron-metabolizing bacteria 
on the degradation of iron ore constituting the pillars in iron 
mines in Lorraine (France) could be helpful to understand the 
post-mining underground collapses. The fundamental purpose 
of this study is to identify the bioreduced and biogenerated 
phases that may have occurred after mining under reducing 
conditions (iron mines are under the water-table). The results 
of the reduction by Shewanella putrefaciens are analyzed. 

The iron ore samples were taken from iron ore pillars in 
underground mines of Lorraine (France). Two different 
oolithic iron ores: intact and healthy, oxidized and aged (i.e., 
exposed to the oxidizing mine atmosphere conditions during a 
century of mining). Intact iron ore is made of oolithes of 
goethite. The inter-oolithic cement is made up of calcite, 
siderite, ankerite, magnesite, iron oxides and berthierine in 
varied proportions. TEM-EDS, FTIR and Mössbauer analysis 
were performed to obtain the mineralogy of the bioreduced 
ores. Within the « aged » iron ore, 13% of goethite (% Fe) 
were reduced in siderite, which is higher than what we 
expected from previous studies [1]. Within the «intact» iron 
ore, 20% of goethite were reduced but only 5% of siderite were 
formed. A new amorphous Fe(II) phase appeared, probably 
ankerite. Hence, up to 20% of reduction was obtained with 
natural iron ore whereas only 10% of reduction is usually 
obtained with synthetized goethite [e.g. : 2]. Our results 
showed that the Fe(III) reducing bacteria could use over time 
the Fe(III) within the iron pillars which support overburdens. 
Because of the new iron ore mineralogy, the impact of bacteria 
on mechanical properties will be investigated to assess the 
long-term stability of iron mines. 

 
[1] Roden & Urrutia (2002) Geomicrobiol J 19, 209-251 [2] 
Liu et al (2001) Environ Sci Technol 35, 2482-2490 
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Magnetite-fluorapatite ore bodies of the Kiruna type occur 
worldwide and are generally associated with volcanic rocks. 
The current consensus suggests that they represent highly 
evolved igneous bodies, associated with volcanism with a 
concurrent or slightly later metasomatic component. Kiruna-
type deposits of the Bergslagen province in south central 
Sweden not only represent the biggest iron ore resource in 
central Sweden, but also a significant occurrence of REE and 
phosphorous. 

We present data from comprehensive mineralogical studies 
of the major REE-bearing assemblages in the Grängesberg 
deposit, primarily comprising REE-substituted fluorapatite, 
allanite-(Ce), monazite-(Ce) and xenotime-(Y). Fluorapatite 
and accessory silicates mostly dominate bands in the ore, 
occurring as fine-grained aggregates. Fluorapatites have mean 
Cl and H2O values lower than 0.17wt.%. Mean concentrations 
of Na2O, SiO2, FeO and MnO do not exceed 0.13, 0.29, 0.35 
and 0.04, respectively. Fluorapatite in all types of ores occurs 
in two main textural varieties. One variety exhibits visible 
concentric zoning. In BSE, this fluorapatite variety is darker in 
the cores and lighter towards the rims, but darker again in the 
outermost rims. This trend is rarely reversed. Light zones are 
enriched in Y+REE (up to 2.5wt.% of (Y+REE)2O3) and Si. 
Rare tiny (<5μm) and scattered, in some cases epitaxially 
oriented, monazite (±xenotime) inclusions are present in the 
dark zones. 

It is evident that relatively intense fluid-mediated over-
printing has led to alteration of the more reactive phases. This 
likely occurred in two stages, where the first introduced acidic 
fluids along apatite grain boundaries during the later stages of 
crystallization of the apatite-iron oxide deposit. This resulted 
in the formation of monazite and xenotime inclusions in the 
apatite. The second stage may have occurred in association 
with fluid mobility related to the amphibolite-facies 
metamorphism of the ores and host rocks. This resulted in 
mass transfer of (Y+REE+P) and elements from the 
surrounding groundmass, which in turn led to the formation 
allanite along with minor monazite and xenotime in the host 
rocks. 
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Marine bacteria are important in oceanic biogeochemical 

cycles. Since they exert their biological influence at the 
individual cell level it is important to study their ecology at the 
microscale at high resolution. We found, by Atomic Force 
Microscopy, that a large fraction of marine Synechococcus 
cells, important unicellular primary producers, were associated 
with “free-living” heterotrophic bacteria (Malfatti and Azam 
2009). We have picked single cells and amplified single 
genome from the natural marine sample thus we have 
identified some heterotrophic bacteria associated with the 
Synechococcus cells. We have measured at the individual cell 
level the primary production of natural assemblages of 
Synechococcus by 14C microautoradiography. The rate of 
carbon fixation is significantly higher in the associated 
Synechococcus. We addressed the interaction specificity in 
model systems--using cultures of isolated	  marine heterotrophic 
bacteria	   (Vibrionales: SWAT3; Pseudoalteromonadales: 
Pseudoalteromonas flavipulchra)	  and	  Synechococcus isolates 
(WH8102, CC9311). We found that Synechococcus	   cell 
growth was inhibited by the presence of heterotrophic bacteria, 
thus suggesting an antagonistic interaction.	   Synechococcus 
growth was inhibited by SWAT3 and	   P. flavipulchra.	   Our 
findings at individual cell level can have biogeochemical 
consequences on the regulation of primary productivity and 
carbon flow in the ocean. 
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This study presents the first extensive data set of Os-
isotope compositions of intimately intergrown grains of Os-
rich alloy and Ru-Os sulfide from deep portions of ophiolite 
sections from oceanic mantle. These are represented by 
samples from different in age ophiolite-type massifs (i.e., 
Neoproterozoic Hochgrossen in Eastern Alps, Austria, 
Paleozoic Verkh-Neivinsk in Middle Urals, Russia, and Unst, 
Shetland Islands, UK).  

Two distinct platinum-group mineral (PGM) assemblages 
have been recognized. A ‘primary’ PGM assemblage at Unst 
[1] and Hochgrossen [2] is represented by solitary grains of 
laurite or iridian osmium and composite grains of laurite + 
osmian iridium ± iridian osmium, whereas a ‘secondary’ PGM 
assemblage is formed by laurite, Os-rich laurite, irarsite, 
osmium and Ru-pentlandite. A ‘primary’ PGM assemblage at 
Verkh-Neivinsk is dominated by Ru-Os-Ir alloy grains that are 
frequently mantled by ‘secondary’ Ru-Os sulfide and/or Ru-Os 
sulfarsenide overgrowths. 

The osmium isotope results identify (1) a restricted range 
of ‘unradiogenic’ 187Os/188Os values for coexisting laurite and 
Os-rich alloy pairs that form ‘primary’ PGM assemblages at 
Hochgrossen, Verkh-Neivinsk and Unst (0.11860–0.11866 
0.11891–0.11898, and 0.12473–0.12488, respectively), and (2) 
similar ‘unradiogenic’ 187Os/188Os values for both ‘primary’ 
and ‘secondary’ PGM assemblages at Shetland (with mean 
187Os/188Os=0.1244) and Verkh-Neivinsk (with several mean 
187Os/188Os values, e.g. 0.1164, 0.1178, 0.1188 and 0.1207). 
The Os-isotope variability is consistent with conclusion that 
the ‘secondary’ PGM assemblage inherited the subchondritic 
osmium isotope signature of the ‘primary’ PGM. No evidence 
for other source contributions (e.g., suprachondritic) during 
later thermal events, as frequently invoked, has been observed. 

The study was supported by RFBR (grant 12-05-01166) 
and Ural Branch of RAS (project 12-P-5-1020).  

 
[1] Badanina et al (2013) Mineral. Petrol. 107, 963-970 [2] 
Malitch et al (2003) Can. Mineral. 41, 331-352 
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Combined Cu-S isotope data for Ni-Cu-PGE sufide 
deposits associated with the economic Noril’sk-1, Talnakh and 
Kharaelakh intrusions, the subeconomic Chernogorsk, Zub-
Marksheider, and Vologochan intrusions, and the non-
economic Nizhny Talnakh intrusion within the Noril’sk 
Province, and the J-M Reef from the Stillwater Complex 
(Montana, USA), are presented for the first time. 

In terms of Cu-isotopes, the majority of the analysed 
samples fall within a tight cluster (δ65Cu from -1.1 ‰ to 0‰) 
characteristic of the ores from the economic Ni-Cu-PGE 
deposits at Talnakh and Stillwater. The other samples that 
reflect overall δ65Cu isotopic variability (from -2.9‰ to 
1.0‰.) are represented by the subset of sulfide samples from 
the Kharaelakh and Noril’sk-1 intrusions. Three economic 
deposits are characterized by distinct mean δ65Cu values (-
1.56±0.27‰ at Kharaelakh, –0.55±0.41‰ at Talnakh and 
0.23±0.28‰ at Noril’sk) matching those of the carbonaceous 
chondrites and iron meteorites [1, 2]. The determined δ65Cu 
variability is interpreted to represent a primary signature of the 
ores, though a magmatic fractionation of Cu isotopes and/or 
assimilation of the ore material from external source (in case of 
the Kharaelakh ores) cannot be ruled out. 

The overall δ34S isotopic variability in the intrusions 
ranges from -0.7‰ to 13.8‰. The restricted but distinctly 
different sulfur isotopic compositions of disseminated and 
massive ores at Khraelakh (12.2±0.5‰ and 12.7±0.1‰, 
respectively) and Talnakh (10.8±0.1‰ and 10.9±0.1‰, 
respectively) is likely the result of processes of sulfur 
fractionation at deep levels of the tectonosphere (i.e., in deep-
seated chambers), rather than at shallow levels or at the present 
site of their location. Finding of mantle-like δ34S (0.39±1.6‰) 
in the subeconomic sulfide ore from the highly contaminated 
Zub-Marksheider intrusion implies that sulfides have a deep-
seated origin.  

 
The study was supported by RFBR (grant 13-05-00671) 

and Ural Branch of RAS (12-U-5-1038).  
 

[1] Luck et al (2003) GCA 67, 143-151 [2] Luck et al (2005) 
GCA 69, 5351-5363  
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Recently, a novel type of sulphur oxidation has been 

discovered in coastal sediments, whereby oxygen is reduced 
near the sediment-water interface, and sulfide is oxidized 10 to 
20 mm deeper into the sediment. To make such a spatial 
separation of redox half-reactions physically possible, there 
must be a path via which electrons are transferred across the 
wide suboxic zone. Perturbation experiments suggest that the 
electron transport is mediated by filamentous bacteria. By 
establishing such electrical circuitry, these so-called cable 
bacteria have a clear competitive advantage. Given that coastal 
sediments support high rates sulphate reduction, an enigmatic 
question is why the electrogenic sulphur oxidation is not more 
prominent in the coastal ocean? To examine this, we 
performed both field observations and laboratory experiments. 
In strongly bioturbated sediment, the geochemical signature of 
electrogenic sulphur oxidation was not detected under field 
conditions. However, the process could be induced in these 
sediments in laboratory incubation experiments, as long as 
faunal reworking was excluded. Reintroduction of bioturbating 
fauna immediately halted electrogenic sulphur oxidation, most 
likely by a direct physical breakage of the bacterial filaments, 
in a manner similar to cutting an electrical wire. Our results 
show that bioturbation exerts a major control on the natural 
distribution of electrogenic sulphur oxidation in the coastal 
environment.  
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Arc lavas contain geochemical signature of subducted 
sediments, yet the physico-chemical process of sediment 
incorporation into arc mantle source is poorly understood. 
Partial melts generated from subducting pelitic sediments are 
broadly rhyo-dacitic and thus are out of equilibrium with 
mantle-wedge peridotite. In this study, we have investigated 
how ultra-potassic arc basalts can be produced via 
hybridization of peridotite by hydrous rhyolitic sediment 
partial melt and the role of H2O on such a process.  

We have performed partial melting of 25% rhyolitic melt-
infused fertile peridotite with bulk H2O content of 2 wt.%, 
from 1050-1350 °C at 2–3 GPa. With increasing T, increase in 
melt fraction (25 to 35 wt.% from 1200 to 1300 °C at 2 GPa 
and 8 to 24 wt.% from 1225 to 1350 °C at 3 GPa) is 
accompanied by exhaustion of amphibole (at 1100 °C), garnet 
(at 1200 °C, 3 GPa), clinopyroxene (at 1150 °C, 2 GPa and 
1225 °C, 3 GPa) and finally phlogopite (at 1250 °C, 2 GPa and 
1300 °C, 3 GPa) while olivine (only at 2 GPa), and 
orthopyroxene are present in the residue at all temperatures.  

The melts from this study are Group III (leucititic) ultra-
potassic basaltic lavas1. They match with primary (≥8 wt.% 
MgO) leucitites from both inactive and active arcs in terms of 
TiO2 (0.6–0.8 wt.%), Al2O3 (14–16 wt.%), CaO (7–12 wt.%) 
and K2O/Na2O (1.7–2.9 wt. ratio) for given SiO2 (47–51 wt.%) 
concentration. Thus, leucititic primary magma can be 
generated by decompression melting of a previously 
metasomatized phlogopite-bearing mantle in a fossil-arc region 
as well as sediment melt hybridization in the mantle-wedge of 
an active subduction environment. Also, our study shows that 
phlogopite can be stable near the core of mantle-wedge and 
can thus be a potent agent for recycling volatiles, LILE and 
long-term stability of phlogopite in the mantle-wedge can, with 
time, create discrete domains in the mantle with high 
radiogenic-Sr. Investigation of the effect of variable H2O on 
the phase equilibria of a similar hybridization process is 
underway. 
 
[1] Foley et al Earth Sci. Rev. (1987), 24 (2), 81-134 
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High Rock Caldera Complex (HRCC), which straddles the 
87Sr/86Sri=0.704 isopleth in northwest Nevada, contains some 
of the earliest rhyolites of the Snake River Plain-Yellowstone 
(SRP-Y) trend. HRCC erupted about 700 km3 of ignimbrites 
and lavas from 16.5 to 15.5 Ma, contemporaneous with main-
stage Steens and Columbia River flood basalt volcanism. Laser 
fluorination analyses of quartz phenocrysts indicate that HRCC 
ignimbrites and lavas have exclusively “normal” δ18O values 
(δ18O(qtz)=6.17-8.65‰), in contrast to the commonly low values 
of rhyolites in the SRP [1-6]. 

We suggest that the lack of low-δ18O values at HRCC is a 
result of the rhyolites having formed in a non-hydrothermally 
altered crustal section. Any significant involvement of 
hydrothermally altered sources would be detectable given the 
strongly negative δ18O value for Miocene meteoric water (ca. -
18‰) in NW Nevada [7]. In addition, the relatively small 
calderas only partially overlap, limiting opportunities for 
assimilating hydrothermally altered intracaldera fill. Our new 
data, combined with published values for the SRP-Y trend [1-
5], demonstrate that the transition across the craton margin is 
marked by abrupt changes in O isotopes, as well as Nd, Sr, and 
Hf isotopes [8].  

Trace element and O-isotope AFC modeling suggests that 
the most peralkaline rhyolites of HRCC (Zr > 500 ppm) can be 
derived by partial melting of alkali gabbro similar in 
composition to the upper Steens Basalt to produce a trachytic 
magma, followed by fractional crystallization accompanied by 
little or no crustal assimilation. Metaluminous to weakly 
peralkaline rhyolites are best modeled as representing a larger 
degree of partial melting of similar gabbro, followed by 
fractionation accompanied by ~30% assimilation of non-
hydrothermally altered upper crust. Modeled r values are 
small, suggesting that the magma chambers resided in the 
upper crust.  
 
[1] Hildreth et al (1984) JGR 89 [2] Boroughs et al (2005) 
Geology 33 [3] Bonnichsen et al (2008) Bull. Volcanol. 70 [4] 
Watts et al (2011) J. Petrol. 52 [5] Cathey et al (2007) Eos 
Trans. AGU 88 [6] Blum et al (2012) Eos Trans. AGU 94 [7] 
Horton et al (2004) Amer. J. Sci. 304 [8] Nash et al (2006) 
Earth Planet. Sci. Letters 247 
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Virtually all chalcophile and siderophile elements exist in 

more than one valence state over the range of redox conditions 
inferred for solar system materials. Thus, a complete 
understanding of the geochemical behaviour of these elements 
during planetary differentiation process (e.g. core-mantle-crust 
formation) requires knowledge of both (i) the effect of fO2 on 
their solubilities and partitioning between metal, sulfide, 
silicate melts and minerals; and (ii) the range of redox 
conditions prevailing during these processes. 

Some chalcophile/siderophile elements are especially 
important because they belong to radiogenic isotope decay 
systems and, therefore, can provide clues about the timing of 
planetary differentiation processes. The 182Hf-182W decay has 
been widely used to constrain the time of core-mantle 
differentiation in the Earth-Moon system due to the contrasting 
geochemical properties of Hf (lithophile) and W (siderophile). 
Tungsten has always been regarded as a multivalent element, 
although XANES studies indicate that up to redox conditions 
approaching IW-3 (IW= iron-wüstite), 6+ is the dominant W 
valence state. Mineral/melt partitioning studies, however, 
reveal that even tiny proportions of W4+ are sufficient to 
increase the bulk partitioning of W between basalt and 
peridotite ~2 orders of magnitude from IW+3 to IW-3. The 
fractionation of Re from Os, which are part of the 187Re-187Os 
decay system that is widely used to trace crust-mantle 
evolution, is strongly dependent on fO2 since oxidizing 
conditions make Re increasingly more lithophile. 

The redox-controlled fractionation of key elements like W, 
Re and Os have profound implications for understanding core-
mantle-crust differentiation processes. However, the redox 
state of the Earth’s upper mantle, particularly concerning the 
more oxidized nature of the mantle beneath subduction zones, 
remains unresolved. New approaches to estimate fO2 in 
mineral-rock assemblages, such as XANES spectroscopy in 
minerals and melts, and trace-element partitioning relations, 
such as V-in-olivine, may provide extra clues which are 
relevant for interpreting the geochemical behaviour of 
chalcophile and siderophile elements.  
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Biosolids are inevitable by-products of the treatment of 

municipal or industrial wastewater treatment plants. Due to the 
intensification of water quality requirements and more rigorous 
environmental laws in Europe, the production of biosolids has 
sharply increased in recent years. The main management 
options include incineration, landfill sites, and application to 
agricultural lands as soil amendment. The use of biosolids in 
agriculture is widely practiced all over the world since it is the 
most economical option allowing the recycling of nutrients in 
plants and of organic matter. However, this practice can be 
potentially harmful to environment because biosolids contain 
high concentrations of toxic heavy metals. The fate of 
potentially toxic elements following short and long term 
application of biosolids was well reported in the literature but 
this issue remains strongly controversial within the scientific 
community. Nevertheless, it is accepted that metal solid phase 
speciation plays an important role in the control of the long-
term stability of metals in biosolid-amended soils. 

In this context, we used pH-adsorption edge experiments 
and synchrotron-based spectroscopy techniques to understand 
the solid phase speciation of copper, nickel and zinc in a 
biosolid-amended soil. Comparison of metal adsorption edges 
for the biosolid-amended soil and the soil sample showed that 
Cu, Ni, and Zn can be retained by both soil and biosolid 
components such as amorphous iron phases, organic matter 
and clay minerals. These results are combined with µ-XRF and 
µ-XANES data to obtain structural information about the 
formed surface complexes. The results presented here suggest 
that even if the metals can be associated with soil components 
(clay minerals and organic matter), biosolid application will 
increase metal retention in the biosolid-amended soil by 
providing reactive organic matter and iron oxide fractions. 
Among the studied metals, the long-term mobility of Ni could 
be affected by organic matter degradation while Cu and Zn are 
strongly associated with iron oxides. 
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We have performed melting experiments at 1 bar 

(anhydrous) and 1 and 2 kbar H2O-saturated conditions to 
characterize the effect of water content on the differentiation of 
a basaltic andesite. The starting material was a mafic pumice 
from the compositionally zoned tuff deposited during the ~75 
ka caldera-forming eruption of Newberry Volcano, a rear-arc 
volcanic center in the central Oregon Cascades. Pumices in the 
tuff of Newberry caldera (TNC) record a continuous 
fractionation sequence from basaltic andesite to rhyolite within 
a single eruptive event, making the TNC an excellent natural 
laboratory in which to study the conditions of magmatic 
differentiation. Combining experimental results with the 
mineralogy and mineral-melt equilibria of the TNC pumices, 
we have determined the pre-eruptive H2O contents and 
temperatures of the TNC liquids. 

The most primitive basaltic andesites in the sequence 
record pre-eruptive H2O contents of 1.5 wt.% and a liquidus 
temperature of 1070°C. This low H2O content produces a 
distinctive fractionation trend characterized by enrichment in 
Na, Fe and Ti relative to the calc-alkaline trend more typical of 
arc volcanic sequences. Low H2O contents would be expected 
at Newberry Volcano given its rear-arc position, and the same 
fractionation trend is also observed in the rim andesites of the 
rear-arc Medicine Lake Volcano in the southern Cascades. 
However, the Na-Fe-Ti enrichment characteristic of low-H2O 
(1-2 wt.%) is also observed west of Newberry in magmas 
erupted from the arc axis, such as the Shevlin Park Tuff and 
several lava flows from the Three Sisters. This indicates that 
low-H2O magmas are generated directly beneath the main arc 
as well as the rear-arc. 

Because liquid lines of descent (LLDs) are particularly 
sensitive to water content in the range of 0-3 wt.% H2O, they 
provide a quantitative and reliable tool for precisely 
determining pre-eruptive magmatic water content using major 
element data from pumices or lava flows. Coupled enrichment 
in Na, Fe and Ti is a general feature of fractional 
crystallization in the presence of small amounts (1-2 wt.%) of 
H2O, which may be broadly applied to look for “damp” 
fractionation sequences elsewhere. 
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Elemental partitioning between the a and c axes and the c+ 

and c- axial directions of tourmaline has been assessed using 
cold-seal experimental techniques. Experiments began with the 
synthesis of a nearly crystal free and hydrous melt (glass) from 
a mixture of powdered minerals and reagents at 800°C, 200 
MPa, and f(O2) near NNO-0.5 log units. The 800°C pre-
conditioned step was quenched to room temperature and then 
reran to a synthesis step of 700°C. The chemical composition 
of glass and crystal products, including Sps-rich garnet, were 
determined using an electron microprobe analyzer. 

Tourmaline products are predomintanly a solid solution of 
schorl-dravite with minor amounts of uvite, olenite, and alkali-
free tourmaline (AFT). All tourmaline crystals display 
compositional zoning between the c and a axes. Because 
determination of the c+ and c- axial directions is impossible for 
crystals with two equally geometrical pyramidal terminations, 
such as the crystals in this study, the c+ direction was chosen 
to be the direction with the longest growth zone. The 
composition of the a and c- axes are similar for all elements 
within a 1σ standard deviation except Ti (a axis: TiO2=0.03 
wt.%, 1σ=0.02 and c- axis: TiO2=0.08 wt.%, 1σ=0.01). The c+ 
axis is enriched in Mg (~1 wt.% MgO) and depleted in Ca 
(~0.15 wt.% CaO), Al (~1 wt.% Al2O3), and Ti (~0.04 wt.% 
TiO2) relative to the c- and a axes. The ratio of c+Ti/c-Ti is 0.52 
(1σ=0.14) and the ratio of c+Ca/Na/c-Ca/Na is 0.65 (1σ=0.06). The 
a axis exhibits no compositional heterogeneity within and 
between crystals (1σ standard deviation).  

At 700°C, the partitioning of elements between the a and c 
axes and the c+ and c- axial directions is small. The small 
degree of partitioning might be caused by high temperature 
conditions, trace concentrations of TiO2 and CaO in the 
starting melt composition, or other variables such as 
crystallographic and surface charge effects. Further 
experiments are being performed at different temperatures and 
melt compositions to determine the extent of elemental 
partitioning between the axes of tourmaline. 
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As a potential monitor of fluorine concentration in evolved 

granitic liquids, the partitioning of F between garnet and 
peraluminous Mn-bearing granitic melt has been assessed by 
cold-seal experimental techniques and electron microprobe 
analysis. Garnets and glasses (melts) were synthesized from a 
mixture of minerals and reagents at 800°C, 200 MPa, and an 
f(O2) near NNO-0.5 log units. Relicts of garnets (Sps95Alm5 
and Alm46Prp44Sps6Grs4) added as sources of Fe, Mg, and Mn 
have Sps-rich overgrowths. The average compositions of 
overgrowths on Alm-rich relicts are Sps76Alm12Prp11Grs1 and 
those on Sps-rich relicts are Sps83Alm6Prp10Grs1. 

The partitioning of F between Grt-melt seems to be 
controlled by the Mn/Fe ratio of Grt and/or T-site deficiency. 
The average F content of new garnet is 0.57 wt.% (1σ=0.13) in 
overgrowths with XSps=0.83 and 0.46 wt.% (1σ=0.18) with 
XSps=0.76. The corresponding average F content of glass is 
2.52 wt.% (1σ=0.10), yielding crystal/melt partition 
coefficients in the range of 0.18-0.23. Further experiments are 
being conducted to test the dependence on F concentration and 
temperature and to reduce the variability of F content among 
products. 
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Photochemical reactions at mineral surfaces have been 
proposed as essential steps in the origins of life. In particular, 
the photoexcitation of semiconductor minerals such as 
sphalerite (ZnS) by ultraviolet light generates electrons capable 
of driving reduction reactions in the reverse tricarboxylic acid 
(rTCA) cycle [1]. The rTCA cycle has been proposed as a 
precursor to the oxidative cycle found in modern mitochondria.  

We used liquid chromatography coupled to mass 
spectrometry (LCMS) to investigate possible side reactions in 
the ZnS photocatalyzed steps of the rTCA cycle, finding a 
diversity of end products in most cases. However, the proton-
coupled, two-electron reduction of fumarate to succinate 
occurred in high yield with no alternative products. We chose 
this system to investigate the roles of solution conditions, 
surface structure and reagent chemistry in controlling the 
outcome of a plausible prebiotic interfacial multi-electron 
redox reaction.  

We studied the timescale for interfacial one-electron 
transfer using ultrafast optical spectroscopy. We observed a 
significant reduction of the fluorescence lifetime of 
photoexcited ZnS in the presence of fumarate, indicating that 
interfacial electron transfer occurs on the picosecond 
timescale. Transient optical spectroscopy showed complex 
kinetics on the same timescale, suggesting a role for surface 
sites in charge transfer. We developed two candidates for the 
reaction mechanism that we are evaluating using studies of 
reaction kinetics, ZnS surface properties and the affinity of 
organic metabolites on zinc sulfide surfaces. By establishing 
the mechanistic controls on fumarate reduction, we seek to 
provide constraints on the early Earth environments that could 
permit photochemical transformation of metabolic organic 
molecules. 

 
[1] X.V. Zhang et al (2006) J. Photochem. and Photobiol. 185, 
301-311  
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Iceland is the product of melt over-production on the North 

Atlantic Ridge, associated with the presence of the Iceland 
plume. Extensive analyses of Icelandic basalts have shown 
them to exhibit isotopic and trace element compositions 
consistent with their derivation from a mantle plume 
containing at least a portion of recycled material (enriched Sr-
Nd-Pb isotopes, negative Δ207Pb and K/Nb <270) [1,2]. In 
addition mixing trajectories in Pb-Pb and Nb/Y-Zr/Y space 
show no evidence of a role for North Atlantic Asthenosphere 
(NAA) in the genesis of Icelandic basalts [2,3]. This, along 
with ‘Icelandic’ geochemical signatures observed in basalts 
erupted at significant distance from Iceland along both 
Reykjanes and Kolbeinsey Ridges, suggests the influence of 
the plume extends far beyond the island itself [1]. This has 
been attributed to radial contamination of the surrounding 
asthenosphere by the Iceland plume head [5].  

The island of Heimaey, located off South East Iceland, is 
the proposed tip of the propagating Eastern Rift Zone (ERZ) 
[4]. In contrast to other Icelandic basalts those from Heimaey 
exhibit significantly less ‘Icelandic’ compositions with less 
negative Δ207Pb and K/Nb approaching mantle values, 
indicating a contribution from NAA. This suggests that at 
Heimaey, less than 200km from the proposed plume centre, 
there is a smaller contribution from plume material than seen 
1000km along the Reykjanes Ridge. Given that the degree of 
melting at Heimaey is expected to be significantly smaller than 
that seen in the Reykjanes Ridge and that lower degree melts 
are expected to be enriched in lower Ts plume material, this 
difference in observed plume signature has to reflect actual 
variations in the proportion of plume material in the mantle 
underlying these areas. This suggests that either radial plume 
flow is significantly assymetric, or alternatively that plume 
flow patterns are controlled more by sub-lithospheric 
topography, associated with spreading and propagating rifts, 
than accounted for in the radial flow model. 

 
[1] Thirlwall et al (2004), GCA 68, 361-386 [2] Chauvel and 
Hemond (2000), G3 1, 1055-1085 [3] Fitton et al (1997) EPSL 
153, 197-208 [4] Mattsson and Oskarsson (2005) JVGR 147, 
245-267 [5] Ito (2001), Nature 411, 681-4  
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Measurement of elemental diffusion in mineral lattices has 

provided a powerful tool for quantifying the timescales of 
magmatic processes [1]. However, this information comes at 
the price of costly and often time consuming analyses. The 
high spatial resolution required to constrain a diffusion profile 
requires a technique that can provide high analytical precision 
from a very small sample size. Historically diffusion studies, 
focussed on trace elements, have made use of the high 
sensitivity and small beam sizes of SIMS and nano SIMS. 
Whilst improvements in LA-ICPMS systems mean they are 
now used in diffusion studies [2], their application is limited to 
relatively fast diffusivities (1x10-6 m2/sec) due to the ablation 
area required to generate sufficient signal in the ICPMS [3]. 
Spatial resolution can be improved through depth profiling but 
this has the associated problem of down-hole fractionation. 

Using a deep-UV 193 nm excimer laser-ablation system 
coupled to an Agilent 7500ce/cs quadrupole ICPMS described 
in [4] we have obtained data from laser tracks using both a 
standard circular laser mask and a rectangular mask over a 
range of custom-made sandwiched synthetic glass standards. 
Pulse rate was reduced to minimise mixing effects in the 
ablation plasma and the SQUID was removed, reducing travel 
time to the ICPMS. Data was deconvolved using a frequency 
domain Wiener Filter [5] after first estimating the impulse 
response and noise spectrum. Preliminary results suggest that it 
is possible to resolve sharp compositional boundaries at ~30% 
better spatial resolution, and with significant suppression of 
noise, compared to standard LA-ICPMS rastering. This 
suggests that it may be possible to successful resolve diffusion 
profiles for elements in minerals with D~1x10-18 m2/s, i.e. Sr in 
plagioclase which has previously been shown to diffuse too 
slowly for magmatic timescales to be resolved by LA-ICPMS 
[6]. 

 
[1] Costa et al (2003) GCA 67, 2189-2200 [2] Spandler et al 
(2007) Nature 447, 303-306 [3] Chernaik et al (2010) RiMG 
72 107-170 [4] Muller et al (2009) JAAS 24, 209-214 [5] 
Wiener (1942) Research Project DIC-6037 MIT [6] Saunders 
et al (2010) J.Pet. 51, 2465-2488 
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Iron sulfide (FeSx) biominerals are important reservoirs of 
information regarding the the paleo-redox state of the ancient 
Earth [1]. However, the role of biology in mediating the 
formation, and regulating the geochemistry, of FeSx minerals is 
unclear [2]. In the current study, we present a laboratory study 
of FeSx mineral precipitation in the presence of microbes at 
low pH, which we consider to be an analog to late Archean 
conditions. 

An FeS-oxygen gradient culture (Fig. 1) adjusted to pH 2.5 
was inoculated with microorganisms sampled from a local acid 
mine drainage (AMD) stream. After a few months, FeSx 
minerals formed along the gradient. The precipitation was 
microbially catalyzed by fermentation, iron reduction and 
sulfate reduction. No FeSx precipitation was observed in the 
abiotic control; instead, only Fe-oxides formed. Total [Fe] in 
the abiotic control varied from 7 ppm at the top to 
approximately 2000 ppm just above the plug.  

 We characterized the different mineral phases of FeSx that 
formed in culture using Mössbauer spectroscopy and Fe 
isotope analysis. The findings from this study are relevant to 
elucidating the Fe isotope compositions of sedimentary pyrite 
during the Archean [1], and for understanding what effect, if 
any, microbes have on the phase and composition of sulfides 
formed by their activity.  

 
 
Fig. 1 - (A) Uninoculated gradient 
culture. Note the black FeSx plug at the 
bottom and the mass of Fe-oxides 
above it. Length of tube is 15cm. (B) 
Gradient culture inoculated with AMD 
microorganisms. FeSx forms in the 
culture along with putative pyrite (red 
arrow). Tick marks are 1 cm apart.  
  
 
 

[1] Rouxel et al (2005) Science 307, 1088-1091 [2] Popa et al 
(2004) Geomicro. Jour 21, 193-206  
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Tidal sand ridges represent an important source of 

information on environmental changes and the flux of 
sediment from land to sea, they are distributed widely along 
the world coastlines. These environments represent important 
repositories for terrestrial particles entering marine dispersal 
systems, and their fate play an important role in global 
geochemical cycling.  

The Sand ridges are a dominant morphologic feature on 
most of the Chinese continental shelf, particularly in the 
southern Yellow Sea off the Jiangsu coast. The sources of 
sediment for such a huge depositional system is one of the 
scientific focus and have attracted considerable speculation. In 
order to characteristic the predominant source regions of the 
Radial Sand Ridges (RSR), a total of 62 surface sediment 
samples were collected, including river samples from the 
mouths of Changjiang (Yangtze) River, Yellow River, and 
samples from Radial Sand Ridges areas. The mineralogical 
compositions of the samples were determined using 
quantitative X-ray diffraction (XRD) and factor analysis of 
diffuse spectral reflectance (DRS) data. Morphological 
features of the minerals was examined by scanning electron 
microscope (SEM). 

This study indicates that quartz, muscovite, plagioclase, K-
feldspar, amphibole, hematite, goethite, and clay minerals was 
main mineral phases of the sediments. The results show that 
coarse-grained sediment of RSR may be transported from the 
Yellow River, and fine-grained sediments from the Changjiang 
River. 
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We estimate black carbon (BC) emissions in the western 

United States (WUS) for July-September 2006 by inverting 
surface BC concentrations from the Interagency Monitoring of 
PROtected Visual Environment (IMPROVE) network using 
the GEOS-Chem chemical transport model and its adjoint at 
both 2° × 2.5° and 0.5° × 0.667° (nested over North America) 
horizontal resolutions. Simulated surface BC concentrations 
with the a posteriori emissions capture the observed major fire 
episodes at many sites and substantial enhancements at the 1-2 
and 2-3 km altitude ranges The a posteriori emissions lead to 
substantial bias reductions in the simulated surface BC 
concentrations (~ 50% on average) at both resolutions. 
Anthropogenic emissions in the WUS increase by about a 
factor of 2 from adjoint inversions while reduce by ~50% from 
analytical inversions; biomass burning emissions increase by 
about factors of 2 and 3 from adjoint and analytical inversions. 
We believe that the differences between the analytical and 
adjoint inversion results are partially because that the inversion 
system has trouble to effectively distinguish different BC 
emission sectors at grid-based resolution when anthropogenic 
and biomass burning emissions are collocated. The differences 
are also due to the large uncertainties in the bottom-up biomass 
burning emissions, which may force adjoint system to falsely 
increase anthropogenic emissions when biomass burning 
emissions are not strong enough.  
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Traditional measurements of foraminiferal shell chemistry 

combine multiple specimens to obtain a robust mean that 
typically averages over decades to centuries, depending on 
sedimentation rates. Yet each individual foraminifer lives only 
a few weeks, meaning that measurements on individuals can 
provide temporal resolution similar to that of macroscopic 
archives like corals, but without equivalent stratigraphic 
context. Certain important paleoclimate questions can 
hypothetically be addressed using the single-foram approach, 
including changes in seasonality and interannual variability. 
Recent work in the tropical Pacific using oxygen isotopic 
measurements on individual planktic foraminifera reveals 
changes in interannual variance that likely record evolution of 
the El Niño – Southern Oscillation (ENSO) system. 

Here we extend the single-foram approach to the 
paleotemperature proxy Mg/Ca. We have developed a method 
that is based on the traditional ‘wet chemistry’ oxidative 
cleaning protocol for measuring Mg/Ca by ICP-MS. We apply 
this method to sediment cores from Soledad Basin, located off 
Baja California Sur in the eastern subtropical Pacific, a site 
that is strongly teleconnected to ENSO today. We present 
Mg/Ca measured on single specimens of Globigerina bulloides 
(cold season) and Globigerinoides ruber (warm season) from 
four time slices in Soledad Basin: the 20th century, the Little 
Ice Age, a warm interval (and solar irradiance low) at 9.3 ka, 
and a cold interval (and solar irradiance high) at 9.8 ka. For the 
20th century populations we use a Monte Carlo approach to 
simulate what water depths and months these individuals are 
actually recording. For the paleo samples we theoretically can 
distinguish between changing ENSO variability and changing 
seasonality: a reduction in ENSO variance would result in 
narrowing of both the G. bulloides and G. ruber temperature 
distributions without necessarily changing the distance 
between their two medians; while a reduction in seasonality 
would cause the two species’ distributions to move closer 
together. 
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Archean sedimentary pyrites record Fe isotope variations 

through time, with particularly large negative excursion of 
δ56Fe values between 2.7 and 2.3 Ga. The origin of this 
negative excursion is strongly debated but was first interpreted 
as reflecting changes in seawater iron cycle related to the 
premice of the Great Oxygenation Event. However, this view 
of the Fe cycle recorded in pyrite may have been biaised by a 
lack of Fe isotope data for pyrites older than 2.7 Ga.  

We report in situ δ56Fe and multiple S isotope 
compositions of pyrites from the 3.24 Ga old Mendon 
formation, Kaapvaal craton, South Africa. Pyrites from ten 
chert and altered komatiite samples from the Barberton Barite 
Drilling Project (BBDP) have been analysed. High-resolution 
TEM observations reveal that these pyrites are polycrystalline 
and contain micro and nanoscale mineral inclusions (quartz 
and carbonates) from the host-rock, implying a late diagenetic 
origin. In situ Fe and S isotope compositions of pyrites were 
measured with ims 1280 HR2 at CRPG (Nancy), with a 
reproducibility better than 0.2 ‰ (2σ) for both δ56Fe and δ34S 
and 0.1 ‰ (2σ) for Δ33S. Highly variable values of δ56Fe (-4.3 
to +3.2‰), δ34S (-2.49 to +6.22 ‰) and Δ33S (-0.39 to 4.25 ‰) 
were obtained. Strinkingly, the δ56Fe values deeply extend the 
range of values reported for archean pyrites. In addition, the 
δ56Fe-Δ33S distributions display three different regions, which 
we interpret as a result of various pathways of pyrite formation 
from three different and uncorrelated sources of Fe and S. This 
in situ coupled Fe and S isotope study of 3.24 Ga pyrites thus 
shows an extreme isotopic variability for both Fe and S, at the 
micrometer scale, which highlights a complex diagenetic 
pathway of pyrite formation.  
The preservation of a polycrystalline structure linked in space 
with µm-scale Fe and S isotope heterogeneities argues for a 
primary (early diagenetic) signature, which was not 
overprinted by secondary hydrothermal and metamorphic 
processes. 
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The supply of nitrogen (N) exerts a strong control on the 

function of terrestrial ecosystems, but controls on biological N 
fixation are not well understood. Availability of molybdenum 
(Mo), which forms a cofactor in the nitrogenase enzyme, is one 
factor that can limit N-fixation in asymbiotic and symbiotic 
soil bacteria.(3) Yet, the degree of Mo limitation may also 
depend on soil N availability, which influences soil chemical 
properties and microbial communities. Overall, the 
relationships between N, Mo, and P (which may also limit N-
fixation) are poorly characterized.(2) To determine how N, Mo 
and P interact, we examined the distribution of Mo and P in 
multiple soil phases across a natural soil N gradient (0.16 – 
0.88% N, 0-10 cm) in conifer forests of the Oregon Coast 
Range. We used selective chemical extractions to estimate soil 
Mo and P fractions that are exchangeable, oxidizable (OM-
associated), and reducible (Fe-Mn-oxide bound), and 
compared these to foliar and soil chemistry and selected soil 
forming factors.(1)  

Our preliminary results show that oxidizable Mo accounts 
for 3-9% of bulk soil Mo; increasing with soil N and OM 
content, and decreasing with soil pH. Oxidizable soil Mo did 
not correlate with foliar Mo. We also found that the oxidizable 
Mo pool is 30x larger than the reducible and exchangable Mo 
pools. This relatively large oxidizable Mo pool is thought to be 
bioavailable to free-living soil bacteria, which access Mo 
complexed with catechol and polyphenolic functional groups 
in soil OM using molybdophores.(4) The correlations between 
oxidizable Mo, total soil N, and soil pH are stronger in soils 
derived from sedimentary rock than basalt-derived soils. This 
suggests that parent material and associated pedogenic 
processes and secondary minerals are acting to control Mo 
behavior. Ongoing research will focus on characterizing Mo 
and P limitation of N-fixation across this N gradient to help 
elucidate the complex interactions between potentially growth-
limiting macro and micronutrients in terrestrial ecosystems. 
 
[1] Perakis (2006) Ecosys. 9 63-74 [2] Reed (2013) 
Biogeochem. 114:135-47 [3] Silvester (1989) Soil Bio. & 
Biochem. 21 283 –89 [4] Wichard (2009) Nat.Geo. 625-29 



 Goldschmidt2014 Abstracts  
 

 

1594 

1594 

Characterizing fluid-rock interaction 
in the lower gabbros from Hess Deep 

N. E. MARKS, K. GILLIS,  
AND THE EXPEDITION 345 SHIPBOARD SCIENFICIC PARTY 
1Deparment of Earth and Planetary Science, University of 

California, Davis and Lawernce Livermore National 
Laboratory, 7000 East Ave L231, Livermore CA 94551, 
marks23@llnl.gov 

2School of Earth and Ocean Sciences, University of Victoria, 
PO Box 1700 Station CSC, Victoria, BC V8W 2Y2, 
Canada, kgillis@uvic.ca 

 
The Integrated Ocean Drilling Program (IODP) Expedition 

345 sampled lower crustal primitive gabbroic rocks that 
formed at the fast-spreading East Pacific Rise (EPR) exposed 
at the Hess Deep Rift. The metamorphic assemblages in the 
rocks recovered at Site U1415 record the cooling of primitive 
gabbroic lithologies from magmatic (>1000°C) to zeolite 
facies conditions (<200°C) associated with EPR spreading, 
Cocos-Nazca rifting and seafloor weathering. Alteration is 
dominantly low-grade greenschist (<400°C) and 
subgreenschist facies (<200°C) alteration of olivine to talc, 
serpentine, or clay, and commonly accompanied by prehnite 
microveins. Alteration intensity varies with igneous lithology, 
in particular, the modal abundance of olivine, as well as 
proximity to zones of cataclasis. We have investigated the 
extent of isotopic exchange associated with hydrothermal 
interaction and present a record of variations in O and Sr 
isotopic compositions in altered rocks from the lower plutonic 
crust at Hess Deep. The 87Sr/86Sr isotopic compositions of 
olivine gabbros (Mg# 0.81-0.89) range from 0.702536-
0.703364 (±0.000008). Higher 87Sr/86Sr ratios are strongly 
correlated with percentage of hydrous minerals, and are higher 
in samples with a greater modal abundance of olivine. These 
rocks have somewhat higher 87Sr/86Sr ratios than upper 
plutonic rocks from the Northern Escarpment at Hess Deep 
(Kirchner and Gillis, 2012), although their percentage of 
hydrous phases is apparently similar. 
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Brava is a small island of the Cape Verde archipelago, with 
two main stratigraphic units separated by an erosion surface 
representing a long period of volcanic inactivity. The Lower 
Unit is a submarine nephelinitic/ankaratritic basement intruded 
by an alkaline/carbonatitic complex. The Upper Unit is a sub-
aerial, mainly phonolitic, volcanic sequence. It comprises 
abundant pyroclastic deposits, lava domes, coulées, and 
extrusive carbonatites. 

Chemical analyses of surficial materials from Brava were 
perfomed by means of instrumental neutron activation analysis 
and Mössbauer spectroscopy.  

The chemical results obtained so far for the topsoils 
developed in the different geological formations reveal some 
significant differences, mainly in topsoils derived from 
carbonatites or with contribution of these volcanic materials 
(Fig. 1), particularly REE, Ba, Th and U contents.  

 
 
 
 
 
 
 
 
  
 
 

Fig. 1 – Variation of total Fe and Nd contents in topsoils from 
different geological formations of Brava island (Cape Verde). 

 
Surficial samples from the Lower unit and pyroxenites 

present the highest Fe3+/Fe2+ ratios (up to 93% in soils 
developed in hyaloclastites). Phonolite soils are less oxidized. 
Mafic materials are the least weathered and contain the highest 
magnetite contents. 
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The formation of large continents and supercontinents 

throughout the Proterozoic and Phanerozoic is marked by large 
collisional orogenic belts. One of the largest of these belts was 
formed during the Pan-African orogeny during the assembly of 
the Gondwana supercontinent. Detailed dating and unraveling 
of the P-T histories of individual parts of collisional belts aid 
in the reconstruction of the paleogeography, the collision 
history and the geodynamic modeling of the events. One of the 
most difficult elements of the metamorphic history to be 
reconstructed is the duration of high-grade metamorphism. 
Decompression and cooling histories of metamorphic rocks 
have been dated in various studies over the past decade or two. 
Yet, there is still little information on the rate of burial and 
heating, and on the duration of peak metamorphic conditions. 

In this study, we combine Zr-in-rutile and Ti-in-zircon 
thermometry with zircon U-Pb dating, monazite chemical 
dating and petrological modeling to reconstruct the P-T-t 
history of ultra-high temperature metamorphic rocks from 
Dronning-Maud Land (East Antarctica). Heating is recorded in 
prograde Ti zonation in zircon, while younger rims on zircon 
show again lower Ti temperatures. The highest T are recorded 
in rutile, but not in zircon, showing that the high solubility of 
Zr in rutile leads to the dissolution rather than growth of zircon 
in UHT rocks at peak T. Zircon growth ceased appr. 50 ºC 
below the peak T and resumed after cooling to appr. the same 
T. This record is also a function of respective solubility levels 
of Zr in Rt and Ti in Zrn at UHT and of the grossly different 
diffusivities of the two elements in the two minerals. 

The total recorded metamorphic history in a single sample 
spans ~150 million years, but the records of prograde heating 
and ≥40 km of exhumation are separated by less than 10 
million years, putting tight constraints on the duration of peak 
metamorphic conditions (2.1 GPa, 930 ºC). The P-T-t record 
shows a long-lasting metamorphic history that generated 
thickened crust and high geothermal gradients over a time-span 
of ~40 million years, a short-lived peak at UHT conditions for 
<10 million years, rapidly followed by fast orogenic collapse, 
exhumation and an extended period of cooling and relaxation 
(~100 million years). 



 Goldschmidt2014 Abstracts  
 

 

1597 

1597 

Mixing at the plate interface and its 
importance for convergent margins 
HORST R. MARSCHALL1 ANDJOHN C. SCHUMACHER2 

1Dept Geology & Geophysics, WHOI, Woods Hole, MA, 
USA, hmarschall@whoi.edu 

2Dept Earth Sci., University Bristol, Bristol, UK, 
j.c.schumacher@bristol.ac.uk 

 
We recently proposed an integrated physico-chemical 

model of subduction zones that includes mélange formation at 
the slab-mantle interface as the dominant physical mixing 
process in subduction zones, as well as low-density mantle-
wedge diapirs that transport the well-mixed materials into the 
hot corner of the mantle wedge beneath arcs [1]. 

The strong petrologic and chemical contrast at the slab-
mantle interface leads to the production of hybrid rock 
compositions by metasomatic reactions, diffusion, advection, 
and mechanical mixing. Exposures of these rocks may be 
streated as kilometre-scale natural laboratories that allow us to 
investigate the mechanisms and products of mixing of mafic, 
sedimentary and ultramafic components at a variety of relevant 
P-T conditions. The importance of hybrid rock types at the 
slab-mantle interface is manifold: (1) the new mineralogy 
affects the redistribution of major and minor elements, creating 
mixed compositions composed of the three initial components; 
(2) the newly formed mineral assemblages have significant 
potential for storing and releasing H2O and other volatiles; (3) 
these new rocks have a low mechanical strength and may 
lubricate the slab surface, influencing mechanical flow and 
hence the seismic response of subduction and the thermal 
structure of the slab-mantle wedge system; and (4) growth of 
low-density layers may lead to mechanical instabilities on the 
slab surface that lead to the exhumation of high-P rocks and 
trigger the formation of mantle-wedge plumes. The latter may 
transport volatiles and slab materials into the source region of 
arc magmas and contribute to subduction-zone magmatism. 

These mélange plumes may partially melt in the hot corner 
of the mantle wedge due to heating and decompression, or 
their interior parts may dehydrate and flux-melt the overlying 
mantle-wedge harzburgite. The combination and degree of 
contribution of all these processes may produce the large range 
of major and trace-element compositions found in modern 
island arc volcanic rocks. 
 
[1] Marschall, Schumacher (2012) Nature Geosci. 5 862–867 
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Zircon is the most widely used geochronometer in high 
grade metamorphic rocks, capable of maintaining closed 
isotopic and chemical systems through long durations at high 
temperature and multiple orogenic cycles. However, with 
changing environmental conditions and episodes of bulk rock 
deformation, metamorphic zircon may experience multiple 
phases of growth, dissolution, and recrystallization, resulting in 
complex internal isotopic and chemical zoning. Thus, a wealth 
of information on the timing, conditions, and reaction history 
of a particular rock volume may be stored within individual 
zircon crystals.  

This study investigates the isotopic and chemical 
varaibility of zircon extracted from granitic leucosomes within 
boudinaged granulite layers, and associated cross cutting 
pegmatite, from the Parry Sound domain, Grenville Province, 
Ontario, Canada. Separated zircon crystals were analyzed by 
laser ablation depth profiling and simultaneous measurement 
of U and Pb isotopes and a number of important trace elements 
on adjacent single collector ICP-MS. Large (50 μm) spot sizes 
enabled laser sampling down to 30 μm, traversing multiple 
zones from the marginal metamorphic overgrowths to inherited 
cores near the center of the crystals. Time resolved evaluation 
of the measured signals enabled detection of variation in each 
of the analytes with depth, and correlation with zoning patterns 
observed in CL. 

In most of the crystals, distinct 207Pb/206Pb age domains 
corellate with established protolith or metamorphic ages, and 
are separated by a transitional zone defined by monotonic 
changes in U-Pb isotopic composition. Transition zones are 
typically ~5 to 10 μm thick in leucosome samples and ~15-20 
μm thick in the pegmatite sample, where they commonly 
correlate with dark (CL) bands and a distinct spike in U (and in 
some cases Ti and REE). REE typically covary across the 
zones, with few local Ce spikes not shown in the other REE. 
Hf shows little corellation with REE, Ti, or U, but varies 
inversely with 207Pb/206Pb age and shows similar gradational 
transition zones. Ongoing works aims to understand these 
charateristics in terms of zircon crystal-chemical behavior in 
evolving metamorphic environments, enabling more robust 
interpretation of the relationships between U-Pb ages and trace 
element concentrations.  
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The Cascade Volcanic Arc extends approximately 1300 

km along western North America from northern California to 
southwestern British Columbia. The milestone study of Bacon 
et al (1997) indicates isotopic variation from north to south in 
the High Cascades. Recent isotopic studies north of the border, 
in the Garibaldi Volcanic Belt, show an isotopic distinction 
from the southern Cascades (Mullen & Weis 2014, this 
meeting). We sought to understand whether these differences 
related to distinct mantle sources or slab inputs, or to 
improvements in analytical techniques, especially in Pb 
isotopes where multi-collector inductively coupled mass 
spectrometry (MC-ICP-MS) allows for a precision ten times 
better than by TIMS. Ten primitive basalts and andesites from 
the Lassen region in northern California were re-analysed for 
trace element abundances and for high precision Sr, Nd, Hf, 
and Pb isotopic ratios. Comparison with data from basalts from 
the Garibaldi Volcanic Belt, approximately 1000 km to the 
north, has shown that the Lassen region has distinctly higher 
86Sr/87Sr, 208Pb/204Pb, 207Pb/204Pb and 206Pb/204Pb, and lower 
maximum143Nd/144Nd and 176Hf/177Hf values. The new data 
documents the presence of three mantle components (depleted 
mantle, “intermediate” mantle and intraplate mantle) and 
multiple subduction components (fluids released from 
subducting, minimally altered oceanic crust and sediments) 
contributing to the compositional diversity of the lavas in the 
Lassen region. 
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Natural hydrocarbon seeps in the deep northern Gulf of 

Mexico feature gas and oil releases from sulfate-depleted 
brines and sediments associated with faults and density-driven 
flow. Stable isotopic values of dissolved sulfate and methane 
from seeps reveal microbial, thermogenic and mixing 
processes controlling light hydrocarbon production and 
distribution. However, quantifying gas fluxes and resulting 
deep-water methane plumes present formidable technological 
challenges. In situ measurements from ECOGIG-GOMRI 
landers deployed at lease block GC600 reveal near bottom 
methane concentrations ranging from 2 to over 1000 nM with 
higher values corresponding to water transport from known oil 
and gas seeps. Dissolved methane and physical parameters 
were continuously measured for periods of over two weeks 
from 1174 to 1226 meters depth near numerous oil and gas 
seeps. Currents measured utilizing single point acoustic 
Doppler generally revealed SSE water transport with velocities 
ranging from zero to over 30 cm/s. Highest methane 
corresponded to water transport from known oil and gas 
bubble release sites. Peak BBL concentrations during one six-
week study matched near-bottom methane maxima observed in 
shipboard water column profile measurements. Bursts of 
methane over 1000 nM appeared related to gas bubble release 
events triggered by physical processes including tidal pressure 
(depth) decrease as previously observed in coastal 
environments. 
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The middle Miocene Climatic Optimum (MCO; ~17–15 
Ma) stands out as an interval of global warmth and ice sheet 
retreat in Antarctica, superimposed on the long-term cooling 
trend and ice volume growth of the Cenozoic. A return to 
cooler conditions and renewed expansion of the Antarctic ice 
sheet during the middle Miocene Climate Transition (MMCT; 
~14-15 Ma) is associated with decreasing CO2 levels and 
deepening of the CCD, processes linked to chemical 
weathering of Earth’s continents. The Antarctic region records 
the most pronounced variations in climate during these 
transitions; however, the evolution of the ice sheet and 
associated weathering patterns on the continent during this 
time are currently concealed under the ice.  

Pb isotopes of continental weathering products preserved 
in deep sea sediments record past variations in weathering that 
are related to climate change. During incongruent chemical 
weathering of bedrock, radiogenic Pb is preferential released to 
the dissolved phase, producing weathering solutions with more 
radiogenic isotopic values than weathered parent material. The 
isotopic value of the solution, preserved in the seawater record 
from Fe-Mn oxide coatings on bulk marine sediment, and the 
offset between the solution and parent material, preserved in 
detrital sediment fractions, increases with the intensity of 
incongruent weathering. 

Data from Ocean Drilling Program site 744 on Kerguelen 
Plateau and sites 689 and 690 on Maud Rise reveal increased 
206Pb/204Pb seawater values and increased offsets between 
seawater and detrital values during the MCO, and decreased 
values and offsets during the MMCT. Our data suggest 
enhanced chemical weathering accompanied the reduced ice 
volume and high atmospheric CO2 during the MCO, which 
may have contributed to the drawdown of CO2 as well as 
deepening of the CCD. Reduced atmospheric CO2, increased 
ice volume and a proposed transition from a wet-based to a 
more cold-based ice sheet may have contributed to reduced 
weathering during the MMCT. 
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Subterranean estuaries are sources of biogeochemically 
reactive solutes to the ocean, including nutrients and metals. 
Solute fluxes depend on the volumes of submarine 
groundwater discharge (SGD), which is a function of the 
relative amounts of meteoric water recharging coastal aquifers 
and seawater circulating through subterranean estuaries. 
Mixing of these two sources enhances fluid-solid reactions by 
altering pH and redox conditions and sorption kinetics. The 
salt water/freshwater ratio is thus critical to solute fluxes but 
varies through time and space depending on the hydraulic head 
in subterranean estuaries. Periodic short term processes, 
including wave and tidal pumping, have long been known to 
increase the salt content of subterranean estuaries, but long-
term processes including storm setup, fluctuations of terrestrial 
groundwater head, and sea level rise also alter the salt 
water/freshwater ratio. These long-term effects have been 
documented in the Indian River Lagoon Florida, where salinity 
of pore water at depths of 1.5 and 2.5 m below the sediment-
water interface switched from fresh to brackish 15 m from 
shore and from saline to brackish 30 m from shore after the 
passage of Tropical Storm Tammy and Hurricane Wilma. Pore 
water returned to pre-storm salinity within two months at the 
nearshore site and six months at the offshore site. At longer 
time scales, the seaward edge of the freshwater seepage face 
moved inland approximately 10 m between 2004 and 2007 
corresponding to a decrease in recharge to the Surficial 
Aquifer of about 40 cm. Recently collected data (November, 
2013) from the same site indicates that the seepage face has 
migrated another 10 m toward shore since 2007 reflecting a 
total reduction in width of around 70% over the past decade. 
Elevated Fe and Mn concentrations at the fresh water-saltwater 
interface suggest labile marine organic carbon in recirculated 
seawater reduces metal-oxides coating the grains. Transient 
salinity conditions should alter subterranean microbial 
communities, but whether they shift structures or become 
dormant with changing salinity is unknown. Changes induced 
by transient conditions provide a glimpse into effects that may 
result from sea level rise, which is projected to increase by up 
to 1 m by 2100. 
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The Taupo Volcanic Zone (TVZ) in New Zealand is one of 
earth’s most productive silicic volcanic centers. Key to 
understanding variations in the volumetrically dominant silicic 
system are small-scale basaltic eruptions that occur throughout 
the TVZ. Regional-scale patterns in basalt chemistry have 
revealed broad differences in primary magmas derived from 
the mantle wedge [1], however smaller-scale heterogeneity has 
not been explored. The Kaiapo tuff cone is a phreatomagmatic 
deposit located in the southern TVZ lying on the eastern side 
of the Kaiapo Fault [2]. Basaltic bombs collected from this 
magmatic center exhibit petrographic heterogeneity typified by 
significant variations in the degree of crystallinity, which is 
inconsistent with a simple monogenetic origin for these lavas. 
Lavas analyzed extended over a limited range of MgO from 
~6.5-7.5 wt. % and divide into two distinct groups on the basis 
of titanium content. The high-Ti group contains samples with 
high Ti, Na, Zr, Nb, Nd, and Ce, while the low-Ti group 
contains samples with elevated Al and Ca. Mantle normalized 
incompatible trace element diagrams reveal that for almost all 
elements, the high-Ti group exhibits incompatible trace 
element enrichment, overlapping with the low-Ti group only in 
Sr. The broad patterns of high-field strength element depletion 
and large-ion lithophile element enrichment in the Kaiapo tuff 
cone lavas are consistent with an origin from a fluid fluxed 
mantle wedge, similar to other basalts in the TVZ. The Kaiapo 
tuff cone lies within the TVZ’s CW-2 segment, where 
variation in basalt geochemistry has been recognized in terms 
of two distinct primitive lava groups. Uniquely, the two lava 
groups discovered at the Kaiapo tuff cone correlate with the 
end members identified in the CW-2 segment. Our findings 
reveal the potentially heterogeneous compositions of lavas in 
'monogenetic' cones within the TVZ and highlight the need for 
multiple analyses to constrain the full range of geochemical 
variation in this region.  

 
[1] Rooney & Deering (2014) Geology 42, 3-6 [2] Brown et al 
(1994) N. Zealand J. of Geol. & Geophys 37, 113-126 
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The northern segment of the Cascade arc, the Garibaldi 

Volcanic Belt (GVB), is unique because it hosts among the 
youngest and ‘hottest’ subducting crust in the world [1,2] and 
the termination of the subducting slab (Nootka fault). We 
examine how these conditions may have affected the 
petrogenesis of GVB evolved lavas (andesites and dacites). 
Mafic GVB lavas transition from calc-alkaline basalts in the 
south to more unusual alkalic basalts in the north [3], whereas 
evolved lavas are consistently calc-alkaline. Evolved lavas 
have trace element ‘arc signatures’ of magnitudes that mirror 
those in mafic rocks from the same volcanic center. All lavas 
of Mt. Garibaldi show the strongest negative Nb-Ta anomaly, 
while it is reduced at Mt. Meager, reflecting a smaller slab 
input. There are significant differences in the geochemistry of 
evolved lavas in the GVB as compared to the southern 
Cascades (High Cascades). GVB evolved lavas have a lower 
range of 208Pb*/206Pb* (0.939-0.914) than evolved lavas of the 
High Cascades. Mt. Meager and Mt. Garibaldi evolved lavas 
have notably low Pb and high Hf isotope ratios (206Pb/204Pb: 
18.66-18.74, 176Hf/177Hf: 0.28308-0.28315), implying 
involvement of subducting oceanic crust melts. These values 
are comparable to the isotopic signatures of Glacier Peak 
basalts, which anchor the arrays formed by all High Cascade 
lavas [4]. While Mt. Garibaldi evolved lavas have among the 
highest Sr/Y ratios of the GVB, there is no other evidence for 
garnet fractionation, implying that their low Pb and high Hf 
isotope ratios are not due to the involvement of slab melts. 
Instead, GVB andesites and dacites form geochemical arrays 
extending towards local basement rocks with increasing SiO2 
in plots of Ba/La and Ce/Pb vs. 206Pb/204Pb and Zr/Nb vs. 
Ba/Nb, providing evidence for contamination by an 
isotopically depleted crustal contaminant. Previous work [5,6] 
has identified such signatures exist in local basement 
granitoids of the Coast Plutonic Complex. 
 
[1] Harry & Green (1999) Chem. Geol. 160, 309-333 [2] 
Syracuse et al (2010) Phys. Earth Planet. Int. 183, 73-90 [3] 
Mullen & Weis (2013) G3 14, 3126-3155 [4] Mullen & Weis 
(2014) this meeting. [5] Cui & Russell (1995) GSA Bull. 107, 
127–138 [6] Friedman et al (1995) Can. J. Earth Sci. 32, 1681-
1698 
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Boron isotopes (δ11B) in planktic foraminifera are a proven 
proxy for past surface oceanic pH [1,2], which has provided 
valuable insights into past changes in the ocean carbonate 
system, and ultimately into past atmospheric pCO2. 
Consequently, its application has significantly increased during 
the last decade, with a higher number of laboratories now 
regularly measuring boron isotopes. However, the analysis of 
δ11B by multi-collector ICP-MS requires the separation of 
boron from the sample matrix, which has been traditionally 
performed by manual drip chromatography using homemade 
Teflon columns. This represents a laboratory bottleneck in 
terms of space, time, inter-laboratory consistency and the need 
for training. At the University of Southampton, we have 
established a protocol for boron separation from a variety of 
sample matrices using the prepFAST-MC, a new automated 
chromatography system developed by Elemental Scientific Inc. 
(Omaha, NE, USA). In this contribution we will evaluate the 
system’s accuracy, reproducibility, recovery, blank and carry 
over using a range of standards with different matrices, and 
will compare them to those obtained via the traditional manual 
method.  
 
[1] Sanyal et al (2001) Paleoceanography 16, 515-519 [2] 
Foster (2008) Earth Planet. Sc. Lett. 271, 254-266 
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Poás volcanic complex hosts a hyper-acid lake which 

geochemical signatures are related with 2 major controlling 
processes: (a) The level of influx and dissolution-hydrolysis of 
magmatic volatiles in a sub-surface hydrothermal reservoir 
forming extremely acidic brines, and (b) The amount of partial 
or wholesale dissolution of rock, enriching the waters in rock-
forming elements. This combined uptake of magmatic volatiles 
and water-rock interaction makes the Poás lake-hydrothermal 
system one of the most dynamic and chemically most extreme 
aqueous environments on Earth [1]. 

This study provides some datasets of the most salient 
geochemical signatures of the acid lake and their strongly 
fluctuating behaviour observed over the last ca. 30 years. 
These signatures are searched for on Poás to a) Explore the 
nature and extent of compositional changes and flux rates of 
magmatic volatiles released from a shallow magma reservoir, 
and b) Gain insights into the modulating effects of the 
hydrothermal system underlying the acid lake to constraint a 
model for Poás lake-hydrothermal system. 

 
 

 
 

 
 
 
 
 
 
 
 
 

 
Figure 1. Variations in the relative molar abundances of major 
volatiles and rock forming elements (F-Al-Mg) in the lake 
waters from 1978 until 2010 and comparison to average 
composition of Poás lavas and alteration minerals. In stages III 
and V the solutes in the lake are largely derived from a 
combination of (near-)congruent rock dissolution (cations) and 
volatile input (anions). 
 
[1] Martínez-Cruz, M (2008) PhD dissertation Utrecht 
University, Utrecht, the Netherlands. 
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Mercury has long been stored in organic, fine-grained 
sediment along the various tributaries, ponds, lakes, and coves 
connected to the Connecticut River. Concentrations rose above 
background (<80 ppb) by the dawn of the Industrial 
Revolution and have, at a glance, mirrored the rise and fall of 
atmospheric mercury in the industrialized Northeastern 
corridor of North America ever since[1]. Sediment cores from 
six slackwater sites spanning ~180 km reveal peak mercury 
accumulation rates that range from approximately 900 
ng/cm2/yr at Barton’s Cove, near the Massachusetts-Vermont 
border, to ~20,000 ng/cm2/yr near the mouth of the river in 
Hamburg Cove. This increase is in part explained by the 
significant rise in sedimentation rates from Barton’s Cove (at 
~0.5 cm/yr) to Hamburg Cove (at ~4.2 cm/yr). These 
extremely high rates nearer the Long Island Sound are due to 
the influence of tidal pumping, allowing for significant 
sediment fines to accumulate in these depocenters. In both 
locations, organic content ranges from 4 to 14%, but does not 
correlate well with mercury concentrations (R2 = 0.27). 
Although mercury readily adsorbs onto organic matter, the 
peaks in mercury are more consistent with atmospheric loading 
and local mercury inputs than simply TOC. In particular, the 
concentrations found from ~1940-1965 are greater than one 
would expect from atmospheric loading alone, and likely 
represent local sourcing of mercury.  

To aid in constraining the source of mercury in these 
environments we analyzed both the mass dependent (MDF) 
and mass independent (MIF) fractionation of Hg isotopes 
within these profiles. Preliminary measurements reveal a 
correlation of less negative δ202Hg values with the peak of 
legacy contaminant loading and record similar MDF and MIF 
signals for both cores. δ202Hg values range from < -1.0‰ in 
preindustrial sediments with ~20ppb Hg at the bottom of each 
core to ~ -0.4‰ in sediments from Hamburg Cove with Hg 
concentrations exceeding 1800ppb. Shifts in the MDF signals 
from both cores also suggest that Hg isotopes resolve 
atmospheric Hg inputs from those of local point sources 
responsible for some of the legacy Hg contamination along the 
floodplain of the Connecticut River. Based on these results, we 
suggest that Hg isotopes may record changes in the sources of 
Hg pollution to the Connecticut River Valley both over time 
and along its length. 
 
[1] Varekamp (2003) Environmental Geology Volume 43, 268-
282 
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Comets are agglomerates of ices, silicate dust and organic 
molecules, including some of the building blocks of life and 
their precursors. For example, glycine, the simplest of the 
amino acids has been detected on comet 81P/Wild-2 [1]. 
Comets may have exogenously delivered these prebiotic 
compounds to the early Earth 4.6 to 3.8 million years ago, just 
before life originated on our planet [2-4]. In addition the 
impact of comets onto rocky surfaces could have been 
responsible for the synthesis of complex organic molecules 
through a process of shock synthesis [5-8]. Goldman et al 
(2010) showed, via ab initio molecular dynamics simulations, 
that shock waves passed into comets could theoretically 
synthesise amino acids [9]. Laboratory experiments were 
performed to determine whether amino acids could be shock 
synthesised by emulating a comet impact [10]. The results 
show that the impact-shock of a typical cometary ice mixture 
produces several α-amino acids, including racemic mixtures of 
alanine (D/L≈1), the non-protein amino acids α-
aminoisobutyric acid (α-AIB) and isovaline as well as their 
precursors. Therefore, the impacts of comets onto rocky 
surfaces, and also the impact of meteorites onto icy surfaces 
(such as the Jovian and Saturnian satellites) synthesise some of 
the building blocks of life, expanding the inventory of 
resources available by the first living organisms on Earth and 
possibly elsewhere in our solar system. 
 
[1] Elsila, Glavin and Dworkin (2009) Meteoritics and 
Planetary Science 44, 1323-1330 [2] Schidlowski (1988) 
Nature 333, 313-318 [3] Schopf (1993) Science 260, 640-646 
[4] Chyba and Sagan (1992) Nature 355, 125-132 [5] Schopf 
(1993) Science 260, 640-646 [6] Chyba et al (1990) Science 
249, 366-373 [7] Anders (1989) Nature 342, 255-257 [8] 
Furukawa et al (2009) Nature GeoScience 2, 62-66 [9] 
Goldman et al (2010) Nature Chem. 2, 949–954 [10] Martins, 
Price, Goldman, Sephton and Burchell (2013) Nature 
Geoscience 6, 1045-1049 
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Investigations on the composition of the ancient 
atmosphere have relied so far on indirect approaches based on 
geochemical proxies (eg., S isotopes), or on modelling. 
However, remnants of Archean atmospheric gases are still 
preserved in ancient rocks. Our group is investigating the 
composition of the Archean atmosphere, by analysing gases in 
well characterized and dated barite and quartz fluid inclusions 
from the Dresser Formation (North Pole, Pilbara, NW 
Australia). 3.5 Ga ago, the 40Ar/36Ar atmospheric ratio was 
143±24 (modern value : 298) [1]. The xenon isotopic 
composition was isotopically intermediate between 
extraterrestrial and modern atmospheric [2]. The density of N2 
and the nitrogen isotope composition of the Archean 
atmosphere were comparable to that of the modern 
atmosphere, but the PCO2 could have been as high as 0.7 bar 
[3].  

These results are consistent with: (i) an Archean 
atmosphere already shielded from interaction with the solar 
wind by a significant (>50% modern) magnetic field; (ii) 
enhanced continental crust growth between 3.8 and 2.7 Ga ago, 
which might have led to atmospheric CO2 consumption by 
weathering and the first global glaciations; (iii) no possibility 
for a higher PN2 in the past to counterbalance the faint Sun; and 
(iv) selective Xe loss from the atmosphere to space resulting in 
Xe isotope fractionation during the Hadean-Archean eons (and 
not only at the beginning of Earth's history), resulting 
presumably from interactions of Xe with the stronger VUV 
light from the young Sun [4,5]. After correction for Xe escape, 
the Pu-I-Xe age of the atmosphere (and the Moon forming 
impact) is ≤50 Ma after CAI [6]. 

 
[1] Pujol et al (2013) Nature 498, 87 [2] Pujol et al (2011) 
EPSL 308, 298-306 [3] Marty et al (2012) Science, 342, 101. 
[4] Hébrard & Marty (2013) EPSL 385, 40 [5] Kuga et al 
EPSL, in press. [6] Avice & Marty (2014) 
Phil. Trans. Roy. Soc. London Ser. A., submitted. 
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With a long residence time in the atmosphere, 

anthropogenic gaseous elemental mercury (Hg) emissions are 
able to reach remote Arctic regions carried by atmospheric 
circulation. Unique Arctic Hg depositional conditions, river Hg 
inputs and marine methylation are potentially at the basis of 
elevated methyl-Hg concentrations in Arctic top predators, 
posing a health risk to northern people due to their 
consumption of traditional foods. In addition, the complex link 
between anthropogenic Hg emissions and Arctic biota Hg 
levels is likely influenced by climate change. 

Recent work by our group on Hg stable isotopes in 
Alaskan seabird eggs illustrated the control of sea ice cover on 
Hg cycling. Here, complementary mammal tissues from the 
NIST National Biomonitoring Specimen Bank have been 
analyzed to document the temporal and geographical variations 
in Hg stable isotope signatures of Arctic marine foodwebs. Hg 
stable isotope signatures were determined in liver samples of 
55 beluga whales (Delphinapterus leucas), 53 ringed seals 
(Phoca hispida) and 15 polar bears (Ursus maritimus) collected 
since 1988. Large variations in MDF and MIF are observed 
between species and within species stocks. Combining Hg 
isotope observations with ecological parameters such as δ15N 
or δ13C, we are able to explain how mammal habitat use and 
associated diet affect mercury isotopes signatures. Belugas 
appear very sensitive to these parameters and individuals from 
each stock show significantly different MIF signatures. As for 
seabird eggs, north to south MIF gradients appear for all 
species, confirming the role of sea ice cover in modulating Hg 
photochemistry. The influence of sea ice on marine Hg 
photochemistry is also supported by significant temporal Hg 
MIF trends observed in ringed seal livers. In contrast Hg MDF 
shows potential for tracing food web connectivity as illustrated 
for polar bears and their ringed seal diet. 
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The combustion of solid biomass for the production of heat 
and electricity in central Europe is in heavy demand for the last 
years. In medium-scale facilities, e.g. district-heating power 
plants, the fuel type consists of wood chips and forest residues, 
which are not standardized materials. Therefore, the quality is 
variable depending on the supplying conditions. During 
combustion, many chemical, ash-transforming reactions take 
place and a portion of the ash is transported along with the flue 
gas. This fraction is enriched in sulfates, chlorides, and 
particles that contain heavy metals, known as fly ash, dust, or 
particulate matter. To reduce emission of dust into the 
environment, the flue gas passes through various types of air-
pollution control (APC) devices (cyclones, electrostatic 
precipitators, and baghouse filters). The trapped fly ashes have 
to be disposed of at high cost. 

In this study, fly ash samples from six district-heating 
biomass combustion plants with three different filter types 
were investigated by using scanning electron microscopy and 
size distributions measurements on suspended solutions and in 
air medium to characterize the morphology and size 
distribution of the ash particles. Furthermore, X-ray fluores-
cence and atomic absorption spectroscopy were performed to 
gather bulk chemical compositions, and X-ray diffraction with 
subsequent Rietveld refinement was applied to determine 
crystalline phases. The results were compared with the 
compositions of the corresponding bottom ashes and inorganic 
constituents in the fuel. The chemical composition as well as 
the shape and structure of the particles trapped are variable and 
depend on the APC type. Because the bulk chemical 
composition of the fly ashes strongly depends on the particle 
size distribution, the main controlling factor seems to be the 
cut-off diameter of the different filter types. Secondary 
particles, such as CaO (lime) and K2SO4 (arcanite) are 
abundant in the fine fraction of the fly ashes and are beeing 
trapped most efficiently by electrostatic precipitators, whereas 
primary particles auch as CaCO3 (calcite) have larger sizes and 
are trapped by each APC type in comparable amounts. The 
data can be used to assess the utilization potential of the fly 
ashes, e.g. as a secondary raw material for the cement industry. 
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Experimental Results 

There was studied the elemental and phase composition of ore 
samples using the methods of X-ray microscopy and Mössbauer 
microscopy. It was done for the purpose of revealing the distribution of 
ions Fe, Ni, Cu, Co, S. The sample magnetism is caused by the 
presence of the minerals of sulphide and oxide groups, containing Fe2+ 
and Fe3+ as the main components. The elemental composition of the 
studied samples changes from one sample to another (table 1). 

Element Fe Ni Cu  S  Co O H 

Maximum  
content, % 38,3 3,47 22,3 34,0 0,05 1,6 0,08 

Table 1. Elemental composition of the samples 
 
The samples have a complex and varied composition, 

having a wide range of the values of residual magnetization 
(40 < In ≤70A/m). They also stability to demagnetizing factors. 

Phases have a complex composition: cubanite 1 (CuFe2 S3 
– 86,5%), pentlandite (FeNiS2 – 9,37% ), wroewolfeite (Cu4 
(OH)6 (SO4) ·H2O – 4,09%). 

However, there are some sections having the size of (20 – 
40) μm which are highly enriched with Fe. Some inclusions, 
having rectangular and rhomboid forms (2 – 5) μm contain Ni 
with increased content of Fe. The concentration of Ni has 
maximum in inclusions, which contain Cu.  

The presence of native elements and the intermetallic 
compounds shows a reducing mode of ore formation 
processes. 

As an additional damaging factor there was used the 
heating of the samples. The replacement of magnetic ions of 
Fe with Co ions with nearest values of spin magnetic moment 
changes the magnetic stability of the samples and Curie 
temperature (table 2).  

t⁰	  C 20 100 200 240 250 300 400 
(I/I)h 1 0,78 0,62 0,82 0,71 0,39 0,24 

Table 2. Relative magnetization (I/I)h at different temperature 
 
As it was shown by the studies, the presence of the 

impurity ions leads to changing thermomagnetic properties at t 
> 250°С at the expense of high ion Co and S mobility. 

 Magnetization changes irreversibly with the change of 
temperature. The presence of the step-type thermomagnetic 
curves indicates the presence of a mechanical mixture, 
consisting of two and more ferromagnetic phases. It is proved 
by the discrepancy of Curie temperature (600°С) in the cycle 
«heating - cooling».  
Conclusion  

So, the presence of the character structures of the solid 
solutions decay shows a wide temperature range of sulphide 
crystallization. 
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Imogolite is probably the best known nanotubular alumino-
silicate structure occurring naturally. Imogolite, and more 
commonly their precursors, can be encountered in Andosols, 
where they play a determining role in carbon cycling. 

These compounds are attractive model structures for 
investigating the effects of High Aspect Ratio Nanotubes 
(HARN) since they are hydrophilic, environmentally relevant, 
and can be readily obtained in various lengths without catalysts 
which may cause biased toxicity results. Several recipes to 
synthesize imogolite by a simple sol-gel process have been 
published over the past 3 decades; however they all have in 
common to have very poor yields and slow kinetics. More 
recently, an alumino-germanate isostructural to natural 
imogolite (hereafter called Ge-imogolite), has been 
successfully synthesized in large quantities by our group, 
thereby opening the road to a full range of physico-chemical, 
(eco)toxicological and environmental transfer studies; the 
formation mechanisms have still not been entirely elucidated; 
nevertheless we observed ca. 5 nm roof-tile shaped nucleation 
products (precursors), which assemble/transform into rings; 
further growth is likely to proceed by a tip-to-tip mechanism. 

Unfortunately, although yield issues have been addressed, 
no real progress on was made on the kinetics and better tube 
length control (i.e. roughly monomodal length distribution) 
still remains difficult to achieve. On top of this, tube length 
measurement itself still bears challenges since commercial 
PCS has proven to be ill-suited for these high aspect ratio 
structures, and TEM lacks statistical significance. 

Here we present novel reaction protocols to cut the 
synthesis time from one solid week to several hours without 
comprising on quality. Also, we developed a simple and 
"routine-compatible" procedure to measure a meaningful 
particle size distribution. 

We also show that the acute effect of these materials on 
several model biological targets (human skin cells, rhizosphere 
bacteria) is somewhat counterintuitive to the common concept 
of the fiber effect (i.e. longer = worse), but long term damage 
still needs further evaluation 
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As sea-air gas exchange is a major component of the 
global mercury (Hg) cycle, understand-ing the factors 
controlling this exchange are paramount so that the impact of 
climate change and other forcing on Hg inputs to the ocean can 
be assessed, and as a result, the impact on global human health. 
This talk will focus on our evolving understanding of the gas 
exchange of elemental Hg (Hg0) and the controlling factors, 
examined using interpretation of our high resolution Hg0 
measurements in surface ocean and marine boundary layer, 
and associated modelling using the GEOS-Chem Hg model. 
Measurements have been made recently in the coastal and 
open North Atlantic (cruises in 2008-10), in the equatorial 
Pacific and surrounding regions (in Fall 2010), and during the 
US Pacific Geotraces cruise (Fall 2013). Our analysis suggests 
that biological productivity is not as important a driver as 
previously thought. We will compare the conclusions from our 
studies with those of other recent high resolution 
measurements of Hg0 in the ocean, and use the information to 
present an updated conceptual model of the primary controls 
over ocean gas exchange of Hg0.  
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Atmospheric CO2 levels are rising rapidly, resulting in a 

decrease in both oceanic pH, and the carbonate saturation state 
(Ω). It has been hypothesized that calcifying marine 
organisms, including reef-building corals, will be affected by 
the decline of the carbonate saturation state. However, the lack 
of a mechanistic understanding of processes that lead to and 
control calcification limits our ability to predict the response of 
corals to increasing atmospheric CO2. 

For many years, it has been hypothesized that the 
biological precipitation of carbonates is catalyzed by and 
organized on an extracellular organic matrix containing a suite 
of proteins, lipids and polysaccharides. The structures of these 
molecules, their evolutionary history, and the biophysical 
mechanisms responsible for calcification remain enigmatic. 
Although it has long been recognized that mineralized tissues 
contain proteins that are unusually rich in aspartic and 
glutamic acids, their sequence and the precise role of theses 
acidic amino acids in the precipitation of carbonates has 
remained elusive. 

We identified, cloned, and characterized four highly acidic 
proteins, derived from expression of genes obtained from the 
common stony coral, Stylophora pistillata. Each of these four 
proteins spontaneously can catalyze the precipitation of 
calcium carbonate from unamended sea water in vitro. Our 
results demonstrate that coral acid-rich proteins (CARPs) not 
only bind Ca2+ stoichiometrically but also precipitate aragonite 
at pH 8.2 and 7.6 via an electrostatic interaction with protons 
on bicarbonate anions. Similar, highly acidic, proteins appear 
to have evolved several times independently in metazoans 
through convergence to catalyze the precipitation of calcium 
carbonate via ionic interactions.  

Based purely on thermodynamic grounds, the predicted 
change in surface ocean pH over the next several decades 
would appear to have minimal effect on the capacity of these 
acid-rich proteins to precipitate carbonates.  
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Arsenic polluted groundwater in the Asian countries, 

including Red River delta in Vietnam, is known to occur via 
dissolution of As-bearing minerals in the aquifer sediments. 
However, the transportation process of As in the surface water 
to the aquifer sediments has not been well understood until 
now. Arsenic host phases in Red River of Vietnam territory are 
studied here to clarify how to accumulate the arsenic in the 
downstream groundwater aquifer. 

Total dissolved solids was the highest at the uppermost 
stream in the Vietnam territory, adjacent to China (~3 mS/m as 
EC), decreased at the middlestream due to dilution by inflow 
of water from the western tributaries, and increased again in 
the downstream from Hanoi. Total As concentration (dissolved 
when HNO3 was added in unfiltered riverwater) was the 
highest in the uppermost stream (10 ppb) and decreased toward 
downstream (~3 ppb) due to the inflow of diluted river water 
from tributaies originated from western high mountain region 
along the main channel of Red River. About 60% of the As of 
river water was dissolved phases, while the other 40% 
associates with suspended particles. Arsenic concentration 
changes concordantly with Pb, which behaves with suspended 
particles. Smectite concentration is high in the suspended 
particles separated from the river water containing higher As 
concentration. Fe-oxyhydroxides and gibbsite are ones of 
major phases of suspended particles, however, the As 
concentration does not correlate with the total Al and Fe of the 
river water. Thus, the As would be adsorbed onto clay 
minerals, but not Fe-oxyhydroxides.  

Arsenic in the riverbed sediments (~12 ppm) is fixed 
mainly (>90%) in the insoluble phases, such as silicates and/or 
sulfides. Adsorbed As onto clay minerals would be less 
important as an As host phase compared to the detrital 
phase(s), although it is rather mobile than that fixed in the 
detrital minerals. 
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In order to understood the process(es) of As concentration 
and fixation in the marine sediments, As and related elements 
in the porewater and coexisting sediments were analyzed. 
Samples were taken from Nankai Trough, which is one of 
typical modern accretionary prisms, during IODP Expediton 
338. Longest sediment core was taken from C0002 site in 
Kumano basin, at where the sediments were mostly comprized 
of tarbidite sequence including quartz, micas, chlorite, 
smectite, feldspars, and calcareous materials. Shorter cores 
were taken from C0021 and C0022 sites at the toe of spray 
faults. The results of cores from C0002 and C0022 will be 
documented here. 

Arsenic in the porewater varied from 10 to 230 ppb in 200-
500 mbsf (meters below seafloor) of C0002 site sediments. 
The highest concentration was observed at 400 mbsf. Although 
only one sample was analyzed, the As concentration ~3.5 ppb 
was recorded at 914 mbsf. Arsenic in the bulk sediments 
varied within 3 to 10 ppm irrespective of the depths. At C0022 
site, the As in porewater peaked at about 150 mbsf (110 ppb), 
and that in the sediments were from 5 to 7 ppm.  

Arsenic concentration in the porewater varied in 
accordance with that of Pb, most of which were adsorbed on 
the sediment particles. Also, the As concentration became high 
when the pH increased >7.8, implying that the released As was 
adsorbed onto the sediment particles, similar to Pb. Freshwater 
from methane gas hydrates diluted the porewater at the depths 
between 300 and 500 mbsf at Site C0002 and 100 and 150 
mbsf at Site C0022, implying that the pH were controlled by 
micrbial activity in these sediment columns.  

Concentrations of Fe and Mn gave negative correlation to 
that of As in the porewater, while, possitive correlation in the 
bulk sediments. Thus, the As would be accumulated with Fe 
and Mn phases, such as Fe-oxyhydroxides and Mn-oxides 
precipitated from seawater, then dissolved in the porewater via 
desorption prior to the decomposition of Fe and Mn phases. 
Microbial activity would affect the redox condtion of 
porewater to control the solubilities of As and related elements. 
In the deeper part of the sediments, the As would be fixed in 
newly formed minerals such as pyrite and/or clay minerals 
resulting low concentration of this element in the porewater.  
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Nanocrystalline iron sulphide phases (nominally FeS) are 

crucial for controlling the global S and Fe cycles through their 
dominant role in modern and ancient euxinic water columns 
and sediments. Furthermore, nanoparticulate FeS phases are 
believed to be the prime catalyst for prebiotic organic synthesis 
reactions. However, the early stages of FeS nanoparticle 
formation from solution and whether an amorphous precursor 
to mackinawite exits is still unknown. Here we combined a 
stepwise titration (pH 3.5-7.0) with in situ small angle X-ray 
scattering (SAXS), and ex situ X-ray diffraction (XRD) and 
transmission electron microscopy (TEM) to follow the very 
early stages of FeS nucleation growth and transformation to 
mackinawite.  

Fast time resolved (1 frame/sec) SAXS data showed at pH 
below 4.5 the rapid formation of initial FeS particles that 
develop into mass fractal structures. However, the individual 
primary FeS particles remained stable, yet small (radius < 
1nm) up to pH 6.2. The mass fractal dimensions of the 
aggregates increased rapidly to 2 in the initial stages of the 
reaction and continued increasing gradually but slower to 2.5 
(> pH 5.8), indicating that loose, early agglomerates started 
compacting as a result of a slow growth of the FeS phases. Ex 
situ XRD of the material collected at pH 4.5 revealed 
diffraction peaks at 2Ɵ 7.3, 9.1 and 11.7 degrees. These peaks 
do no correspond to known FeS phases and evidence the 
presence of a so far unknown intermediate FeS entity, 
suggesting that nucleation and growth of FeS phases in this 
system deviate from the classical theory. These transitional 
phases could be similar to the complex Fe2S2 or Fe4S4 clusters 
suggested by ab initio modelling [1]. Upon further increasing 
the pH to 7.0, eventually mackinawite peaks gradually formed 
until the system reached steady state.  
 
[1] De Leeuw et al (2013) MinMag. 77 (5):965  



 Goldschmidt2014 Abstracts  
 

 

1619 

1619 

High precision 40Ar/39Ar dating of 
<100 ka basalts using an ARGUSVI 
multi-collector mass spectrometer 

E. MATCHAN1*AND D. PHILLIPS1 
1School of Earth Sciences, The Univerity of Melbourne, 

Parkville, VIC, 3010, Australia 
(*correspondence: ematchan@unimelb.edu.au) 

 
Obtaining high precision 40Ar/39Ar geochronological data 

for young basalts, particularly low potassium examples <500 
ka old, is a non-trivial task. This is due to low 40Ar radiogenic 
argon yields, high atmospheric argon levels and, sometimes, 
extraneous argon contamination. The advent of new 
generation, high sensitivity, multi-collector mass spectrometers 
(e.g., ARGUSVI, HELIX) significantly enhances our ability to 
date young volcanic rocks with extremely high analytical 
precision (<1%). The ultra-high analytical precision achievable 
with this instrument has already been illustrated using 
40Ar/39Ar dating standards [1]. We demonstrated recently that 
the ARGUSVI multi-collector system achieves an order of 
magnitude improvement in analytical precision and a 
concomitant improvement in our ability to detect minor 
isotopic disturbances in ~285 ka alkali basalts, compared to 
‘conventional’ single-collector mass spectrometry [2]. 

We will present new ARGUSVI 40Ar/39Ar data from laser 
step-heating analyses on groundmass samples from several 
<100 ka basalt flows from the Newer Volcanic Province, 
southeastern Australia. We demonstrate that by using 100 mg 
aliquots of samples with radiogenic 40Ar* yields of ~5%, it is 
possible to achieve age precision levels typically better than 
10% (2σ) for individual heating steps, leading to overall 
precision levels of less than a few percent for weighted mean 
ages calculated from step-heating data across several aliquots. 
For example, the Tyrendarra flow (Mount Eccles) gives a 
weighted mean age of 37.6 ± 0.3 ka (0.8%, 95% CI), from 
step-heating analyses on three aliquots. 

 
[1] Phillips & Matchan(2013). Geochim. et Cosmochim. Acta 
121, 229-239. [2] Matchan, & Phillips, Quat. Geochron. 
(accepted). 
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Biofortification of cereal crops with Se enriched fertilisers 
is a promising technique used to elevate dietary Se. However 
recovery in crops is normally < 25% of Se applied and the fate 
of residual Se is very difficult to quantify due to the very small 
amounts typically applied (c. 10 g ha-1). In order to audit the Se 
applied to a biofortified crop, a novel approach was employed 
using an isotopically labelled Se enriched fertiliser. Selenium 
was applied as 77selenate (natural abundance 7.6%) in liquid 
form, in mid-May 2012 (growth stage 31-32; Feekes scale 6-7) 
at a rate of 10 g ha-1 to winter wheat (Triticum aestivum) at 3 
sites with contrasting soil properties, texture and underlying 
geology. Biofortification at a rate of 10 g 77Se ha-1 equates to 
addition of 4 µg 77Se kg-1 in topsoil, which if totally retained 
would increase soil 77Se concentration by almost one third 
(native 77Se concentration ~15 µg kg-1), therefore residual Se in 
soil should be within analytical reach. Analysis of crop 
samples taken at first harvest (August 2012) demonstrated that 
application of just 10 g ha-1 of 77Se was sufficient to boost 
wheat grain concentrations by 4 -13 times their natural levels. 
Surprisingly, despite the second wettest UK summer on record 
(2012), 15-40% of applied 77selenate was retained in the 
topsoil against leaching and uptake. Topsoil samples collected 
in the following spring and at second harvest (Aug 2013) also 
demonstrated substantial retention of 77Se from the initial 
application. By contrast, crops showed negligible recovery of 
residual 77Se which suggests rapid fixing of added selenate (or 
selenite formed by reduction of added selenate) into stable 
organic forms alongside rapid uptake of soluble selenate 
immediately following application.  
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The coastal plain of Alaska is densely populated by thaw 
lakes, topographic features on the permafrost that result from 
thermokarst erosion. These lakes release greenhouse gases like 
methane (CH4) that in some cases has been stored for 
thousands of years (geogenic CH4). However, CH4 also results 
from present-day organic matter mineralization (biogenic 
CH4). The contribution of biogenic CH4 production in Arctic 
thermokarst lakes in Alaska (ATLA) is not currently well 
understood. Thus, the present study was motivated by the 
desire to understand the potential for microbial CH4 production 
in sediments of these lakes, the role of sediment geochemistry 
in controling the balance of geogenic vs. biogenic CH4 
production, and the temperature dependence of this proces. We 
collected sediment cores from 3 contrasting sites in 2 
thermokarst lakes: one site in Siqlukaq Lake (Siq) and 2 sites 
in Sukok (Suk), one near an active, ebullient natural gas seep 
(SukS), and another away from the seep (SukB). Integrated 
analyses of pore water geochemistry, sedimentary organic 
matter and lipid biomarkers, stable carbon isotopes, CH4 
production experiments, and copy number of a methanogenic 
pathway-specific gene, mcrA, indicated the existence of 
different sources of CH4 in the region. CH4 from Siq is 
biogenic, but in SukS CH4 is, indeed, mostly geogenic. 
Further, our results showed that methanogenic Archaea present 
in ATLA are temperature dependent in their use of in situ 
substrates for methanogenesis, and that the amount of CH4 
produced is directly related to the amount of labile organic 
matter in the sediments. As both geogenic and biogenic CH4 
production occur in ATLA, at different spatial scales and in 
response to different drivers (gas field seepage vs. access to 
carbon resources), this understanding may better constrain 
predictions of ecosystem response to global warming on the 
North Slope. 
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We performed reproduction experiments of space 
weathering of C-type asteroids by laser heating on a primitive 
meteorite. Pellets of powdered Murchison CM2 meteorite were 
exposed to pulse laser (5, 10, 15 mJ) with a diameter of 0.5 
mm (details of experimant are given in [1]). The reflectance 
spectra become darker and bluer with increasing energy of lase 
beam to 15 mJ. This reproduces space-weathered spectra of C-
type asteroids show spectral bluing [2]. Inparticular, UV 
reflectance increases and 0.7- and 3-μm band depths decrease 
as the laser energy increases. Laser heating causes break down 
of serpentine to amorphous, which is conformed by TEM 
observation. The decrease of 3-μm band depth indicates 
dehydration of serpentine and other hydrous phases.  

The UV absorption strength and the 3-μm band depth show 
a positive correlation. Compared to experimentally heated 
Murchison for a week [3], the laser irradiated Murchison 
shows lower UV absorption / 3-μm band depth ratios. This 
indicates that changes of 3-μm band is insensitive in the case 
of laser heating, which probably resulted from incomplete 
degassing from laser-irradiated portions during fast cooling. 

 
[1] Yamada et al (1999) Earth Planets Space 51, 1255-1265 
[2] Nesvorny et al (2005) Icarus 173, 132-152 [3] Hiroi et al 
(1996) Meteoritics & Planetary Science 31, 321-327 
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The Rock of Gibraltar contains many solution caves which 
initially formed near sea level and now span elevations to over 
300m as a result of slow uplift over time. In the modern 
climate, Gibraltar holds an important position near the 
southern limit of the tracks taken by the depressions that 
deliver rainfall to Europe from the North Atlantic sector of the 
atmosphere. We present the results of comprehensive cave 
monitoring, climate-proxy calibrations and twenty six dated 
speleothem records to reconstruct a proxy record of 
precipitation, sea level and environmental change over the past 
500ka. Monitoring in St. Michaels and Ragged Staff caves has 
been carried out since 2004 by monthly sampling and 
deployment of logging instruments which reveals that 
speleothem growth is most strongly influenced by seasonally 
reversing cave ventilation that permeates the entire rock. The 
results provide unprecedented insight into how cave 
environments respond to seasonal change, variations in sea 
level and neotectonic uplift and the ways that regional climate 
is recorded as chemical proxies. We are now creating a 
detailed chemical record which is continuous for the last 
250,000 years along with intervals that extend the record 
beyond marine isotope stage 11, spanning the last five glacial 
cycles. 
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Zinc isotope ratios were determined to examine 

partitioning linked to (bio)geochemical processes in organic 
carbon amended tailings at the Greens Creek Mine (Alaska, 
USA). Tailings were amended with various substrates to 
promote sulfidogenesis, alkalinity production, and metal 
attenuation. Extensive sulfate reduction, metal removal and 
alkalinity production were observed within a test cell amended 
with 5 vol. % peat + spent brewing grain (TC4). In contrast, 
sulfate reduction and alkalinity production were limited in a 
control cell (TC2). Maximum Zn concentrations of 320 mg L−1 
(TC4) and 97 mg L−1 (TC2) occurred within 25 cm of the 
tailings surface. Minimum pH values of 6.9, which are 
indicative of sulfide mineral oxidation, were also observed 
within this zone. Zinc concentrations declined rapidly with 
depth in both cells; however, values consistently < 1 mg L−1 at 
depths > 50 cm within TC4 were attributed to the formation of 
secondary Zn sulfides. In contrast, Zn mobility within TC2 
was controlled by sorption onto metal (hydr)oxides and 
carbonate precipitation. Zinc isotopes within the upper 25 cm 
of both TC2 and TC4 were enriched in 66Zn, with δ66ZnIRMM 
values ranging from +0.29 to +0.30 ‰. Depleted 66Zn isotope 
ratios (Δ = 0.3 ‰) corresponded to Zn removal within TC4, 
whereas Zn isotope partitioning was limited within TC2. 
Results suggest, that δ66Zn may be indicative of 
(bio)geochemical processes that control Zn mobility. 



 Goldschmidt2014 Abstracts  
 

 

1625 

1625 

Evolution of the Chelan migmatite 
complex: New insights from LA-

ICPMS U-Pb and REE zircon 
analysis 

JAMES M. MATTINSON1, CHRISTOPHER G. MATTINSON2, 
MATTHEW RIOUX3 AND CLIFFORD A. HOPSON1 

1Department of Earth Science, University of California, Santa 
Barbara, CA 93106-9630, USA  
(*correspondence: mattinson@geol.ucsb.edu) 

2Department of Geology, Central Washington University, 
Ellensburg, WA 98926-7418, USA 
(mattinson@Geology.cwu.EDU) 

3Earth Research Institute, University of California, Santa 
Barbara, CA 93106-3060, USA (matt.rioux@ucsb.edu) 

 
The Chelan migmatite complex (CMC), crops out on the 

eastern flank of North Cascade Range of Washington, USA. A 
protracted history of magmatism and metamorphism 
complicate interpretation of geochronological data. Here we 
present new data based on “split stream” LA-ICPMS zircon 
analyses, permitting simultaneous zircon U-Pb dating and REE 
analysis from a single laser spot. 

Pre-CMC protoliths include arc plutonic and volcanic 
rocks of Triassic (ca. 230 - 210 Ma) and Jurassic (ca. 170 – 
165 Ma) age. Jurassic plutonic rocks in particular are well 
represented in the CMC, strongly modified by a major, ca. 115 
– 110 Ma magmatic/anatectic event. The original Jurassic 
zircon shows minor replacement and overgrowth by 115 – 110 
Ma zircon in some cases, and complete overgrowth by 
magmatic 115 – 110 Ma zircon in others. Some of the ca. 115 
– 110 Ma zircon replacements and overgrowths have slightly 
flatter HREE patterns that cross-cut the Jurassic protolith 
zircon HREE patterns, suggestive of greater pressures of 
crystallization for the younger zircon. 

Zircon from continuing major magmatic activity between 
ca. 110 and 100 Ma has HREE patterns similar to those for the 
overgrowths discussed above, but are in turn overgrown by 
still younger zircon in the range of 100 – 95 Ma, or even 
slightly younger. These younger overgrowths have steeper, 
cross-cutting HREE patterns compared to the 110 – 100 Ma 
zircon, suggestive of lower pressures of crystallization for this 
latest stage of zircon overgrowth. We suggest that the 
combined zircon geochronology and REE data constrain an 
initial deep burial of protolith rocks (pre – ca. 115 Ma), and 
initiation of major upwelling of the CMC at ca. 100 – 95 Ma.  
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Geochemical and mineralogical studies of mudstones and 

claystones of Bauru Basin (Late Cretaceous), located at Minas 
Gerais State (SE Brazil) were undertaken in order to 
investigate sedimentary provenance, palaeoenvironmental 
conditions and to test the feasibility of the chemostratigraphic 
method at this sedimentary setting, which is represented by 
aeolian, lacustrine, fluvial and alluvial deposits. 

Data used in this work were acquired by X-Ray 
Fluorescence (XRF), Inductively Couple Plasma Mass 
Spectrometry (ICP-MS) and X-Ray Diffraction (XRD). The 
elemental distribution of major elements normalized to UCC 
[1] and PASS [2] values. Based on Cluster Hierarchical 
Analysis and Principal Components Analysis it was possible to 
determine the mineralogical affinities of elements [3]. Analysis 
of the geochemical profiles for the studied interval with 
variations recognized from major, trace and rare earth elements 
and elemental ratios led to the definition of eight 
chemostratigraphic units.  

The analysed mineral assemblage consists of quartz, 
microcline, albite, dolomite, hematite and the clay minerals 
palygorskite, illite and montmorillonite. The occurrence of 
these clay minerals throughout the study area and the 
calculated CIA [4] values of sandstones and mudstones 
varying from 61,9 to 95,9 with an average of 73,5, indicates a 
moderate to intense level of weathering in the study area. Post-
depositional enrichment in CaO is also noted. Regarding the 
provenance of the analyzed rocks, Discriminant Function 
Analysis [5], elemental concentrations and geochemical ratios 
point towards two different source areas: felsic rocks and 
sediments of mature continental provenance. 
 
[1] Rudnick & Gao (2003). Treatise on Geochemistry Volume 
3, 683p [2] McLennan (1989). Rev. Mineral. Geochm. 21, 169-
200 [3] Pearce et al (2005). YGS Occ. Publ. 7, 165-182 [4] 
Nesbitt & Young (1982) Nature, 299, 715-717 [5] Roser & 
Korsch (1988) Chemical Geology, 67, 119-139 



 Goldschmidt2014 Abstracts  
 

 

1627 

1627 

The effect of liquid composition on Ni 
partitioning: Ni in olivine as an 

indicator of melting depth 
A. K. MATZEN1*, M. B. BAKER2, J. R. BECKETT2, 

E. M. STOLPER2 AND B. J. WOOD1 
1University of Oxford, Oxford, UK OX1 3AN 

(*correspondence: andrew.matzen@earth.ox.ac.uk) 
2California Institute of Technology, Pasadena, CA 91125 
 

Introduction: Since olivine (ol) is a major constituent of 
the upper mantle and a liquidus or near-liquidus phase for 
nearly all mantle partial melts [e.g., 1], elements compatible in 
ol, like Ni, can be used to infer crystallization processes and 
source region mineralogy [e.g., 2, 3]. The temperature (T)-
dependent partitioning of Ni between ol and liquid (liq) 
(DNi=(NiOol/NiOliq, by wt.) [4] can provide constraints on the 
Ts at which mantle melting and ol crystallization from 
primitive mantle melts occurs. 

Isolating the temperature effect: Most experiments 
designed to measure ol-liq DNi have been conducted at 1 atm. 
In these experiments, variations in T correlate with variations 
in melt composition, making it difficult to separate the effects 
of T and melt composition on observed variations in DNi [e.g., 
2]. Matzen et al [4] presented DNi data from a series of 
experiments where T and P were changed in concert, keeping 
the liquid composition constant (~18 wt.% MgO) over a range 
of Ts and Ps. Here, we present the results of similar sets of 
experiments designed to measure the T dependence of DNi on 
liquids with different compositions (MgO contents of ~12, 15, 
21 and 25 wt.%). Experiments were conducted using starting 
materials and techniques similar to those of [4] at Ts and Ps 
from 1300–1650°C and 1 atm–3.0 GPa; data were fit using an 
exchange model [4]. DNis from experiments with ~15, 21, and 
25 wt.% MgOliq show T dependences within error of those of 
[4] for 18 wt.% MgOliq. Thus, the T dependence of DNi is 
independent of liquid composition for our experiments. 
Globally, a constant T dependence of DNi is consistent with the 
difference between T in the source region and the T of low-
pressure crystallization being an important factor for Ni 
enrichment in early crystallizing ol phenocrysts. The 
correlation (R2=0.74) between the NiO contents of Mg-rich 
olivines from MORBs and OIBs [3] and the depth of the 
lithosphere-asthenosphere boundary at the time of their 
eruption [5] could be largely a consequence of the higher Ts of 
melt segregation in deeper source regions [4].  
 
[1] Stolper (1980) CMP 74, 13-27 [2] Hart & Davis (1978) 
EPSL 40, 203–219 [3] Sobolev et al (2007) Science 316, 412-
417 [4] Matzen et al (2013) JPet 54, 2521-2545 [5] Dasgupta 
et al (2010) EPSL 289, 377-392 
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Arsenic (As) contamination is a widespread issue, as a 

result of mining activities, coal combustion, pesticide use, and 
irrigated agriculture. Cost-effective, broadly applicable, low-
waste remediation methods are needed to limit human 
exposure to this carcinogen. Phytoremediation with the As-
hyperaccumulating fern Pteris vittata [1] has emerged as a 
technology to remediate soils with shallow contamination. 
While the mechanisms of As uptake and accumulation in the 
fern have received attention in numerous greenhouse and 
hydroponic experiments, only a few studies have investigated 
the fern’s performance under field conditions, which is crucial 
to developing successful remediation methods. The objective 
of this study is to understand the role of fertilization in 
enhancing arsenic phytoremediation efficiency.  

A field study was initiated in January 2013 to determine 
the effects of organic and inorganic fertilization on P. vittata 
frond biomass, As uptake rate by P. vittata, and on cumulative 
As removal from soil. The field site is an abandoned railroad 
right-of-way (sandy loam) mildly contaminated with As (20-
100 ppm), located in Berkeley (CA) and characterized by a 
Mediterranean climate. The soil was tilled and limed before 
1,600 P. vittata ferns were planted. One of five treatments was 
applied to fern beds: 1) compost; 2) organic nitrogen as blood 
meal (5 g N m-2); 3) inorganic nitrogen as (NH4)2SO4 (5 g N m-

2); 4) organic phosphorus as bone meal (20 g PO4
3- m-2); 5) 

inorganic phosphorus as phosphate rock (20 g PO4
3- m-2). Two 

controls were established: 1) ferns, no treatment; and 2) soil, 
no ferns and no treatment. After 8 months of growth, all 
mature and senescing fronds were harvested. Soil from two 
depth intervals (0-15 and 15-30 cm) was sampled using a 
multi-increment method. Frond and soil samples were 
analyzed for total As and extractable nutrients. In addition, soil 
physical and chemical characteristics (pH, exchangeable 
acidity, aggregate stability, density, cation exchange capacity, 
percent base saturation, and soil organic matter) were 
determined. Our results showed that both frond biomass and 
arsenic uptake are correlated to soil treatment. These results 
will contribute to an understanding of arsenate and phosphate 
competitive uptake by P. vittata and will inform remediation 
optimization. 

 
[1] Ma et al (2001) Nature 409, 579  
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Two isolated small serpentinized ultramafic masses occur 

in the northeast part of the Wadi Kid area, southeast Sinai. 
These serpentinized ultramafic masses are tectonically 
emplaced into gneisses and metasediments. The rocks of these 
masses are variably serpentinized with fresh igneous relics of 
olivine, orthopyroxene, Cr-spinel and extremely rare 
clinopyroxene. The high Mg# (91.2-92.4) and low Al2O3/SiO2 
ratios (0.012-0.021) of these ultramafic rocks together with the 
high Cr# (>70) of their Cr-spinels and the high NiO contents of 
their olivines indicate that these rocks are similar to residual 
mantle rocks, which formerly experienced high degrees of 
partial melting. LREE-enriched chondrite-normalized REE 
patterns of the ultramafic rocks and the relatively low Fo 
content (mostly 87-88) of their olivines and Mg# (85-86) of 
their orthopyroxenes are consistent with melt/rock interaction. 
The estimated Al2O3 and TiO2 contents (10-11 wt% and 0.36-
0.47 wt%, respectively) of the reacted melts indicate that they 
probably were of boninitic composition. The calculated oxygen 
fugacity values of the serpentinized ultramafic rocks are high 
(between FMQ+1 and FMQ+2), reflecting their highly 
oxidized nature and development in upper mantle modified by 
subduction. The high Cr# (73-77) of Cr-spinels together with 
their low TiO2 contents (0.10-0.19 wt%) suggest that these 
rocks probably developed in a subarc environment within a 
supra-subduction zone system.The present work proposes that 
the arc rocks of southeast Sinai may have been originated in a 
mature island arc rather than in an active continental margin 
setting. We interpret the serpentinized ultramafic masses of 
southeast Sinai as detached part of subarc mantle which 
tectonically juxtaposed subduction-related rocks through 
collision of a mature island arc with continental margin during 
closing of Mozambique Ocean and collision of East and West 
Gondwana. 
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The impacts of shifting climate zones on soil carbon (C) 

storage are poorly understood, although it functions as a major 
C pool1. For example, temperate forests occur across an 
elevation gradient with various stages of soil development, 
occupying several distinct climate zones. Soil development and 
C storage are strongly influenced by temperature, mineralogy, 
and local precipitation/evapotranspiration (ET) relationships2, 
yet quantitative methods have not been established relating C 
storage to the latter. As a result, there is a need to develop new 
analytical approaches that improve models and predict impacts 
of water balance (precipitation inputs minus ET losses) on this 
labile C pool1. To do this, we seek to expand on the well 
understood relationship between oxygen isotopic ratios of 
meteoric water and plant water following the isotopic 
fractionation that occurs during ET3. We have shown that this 
signal is preserved in hexane extracts (i.e. the non-polar 
compounds) of bulk plant material, which suggests the 
potential for accumulated organic matter in soils to be used as 
a proxy for ecosystem water balance.  

Recent research has identified that water balance and ET 
relationships drawn from analysis of δD may not be 
representative of integrated seasonal water balance4. This leads 
to difficulty in the interpretation of integrated hydrologic 
relationships from this method. However, the use of δ18O as a 
proxy is promising, as plant physiological processes are not 
observed to affect water δ18O5. We look to study lipids, as they 
are a compound group synthesized using enriched leaf water6, 
that are known for their long term residence in soil7. Moving 
forward, we seek to compare δ18O and δD signals, using n-
alkanol and n-alkanone compounds from bulk plant and soil 
material in to better characterize plant soil atmosphere 
biophysical relationships.  
 
[1] Anderson et al (2010), Front Eco Environ 9, 174-182 [2] 
Post et al (1982), Nature 298, 156-159 [3] Sternberg (2009), 
New Phytol 181, 553-562. [4] Tipple, B. et al (2013), P Natl 
Acad Sci USA 110, 2659-2664 [5] Barbour (2007), Funct Plant 
Biol 34, 83-94 [6] Sachse, et al (2012) Annu Rev Earth Pl Sc 
40, 221-249 [7] Lützow, et al (2006), Eur J Soil Sci 57, 426-
455 
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Biogenic Mn oxides are produced via the microbial 
oxidation of Mn(II) and are ubiquitous in the environment. 
They are extremely efficient oxidants and sorbents, and as such 
they control the mobility of trace metals, and impact on the 
cycling of carbon and flow of electrons in the subsurface. To 
better understand the formation of biogenic Mn oxides and 
their role in elemental cycling, we have studied the former 
uranium mining site, Ronneburg, Germany. Here soil 
geochemistry is unfavorable for abiotic Mn oxide formation, 
due to its acidic pH, low carbon content and high heavy metal 
loads, which makes it an extreme environment for microbial 
activity. Despite these conditions, the study site is rich in 
poorly crystalline Mn(III/IV) oxides most closely resembling 
the abiotic phyllomanganate δ-MnO2. We have identified and 
isolated Bacillus sp. GH_P2_28 and Brevibacillus sp. 
GH_P2_27, present as metabolically dormat spores, that we 
then cultured to produce biogenic Mn oxides in the laboratory. 
Our products were characterised by electron microscopy and 
synchrotron spectroscopy techniques. In agreement with 
previous studies on biogenic Mn oxide products of different 
Mn(II)-oxidizing strains, we identified very poorly crystalline 
δ-MnO2-like products. Our Mn oxides enrcusted the Bacillus 
sp. and Brevibacillus sp. bacterial spores showed unique 
morphological and mineralogical features that were specific to 
each strain, including an enrichment of Mn(III) in 
Brevibacillus sp.. In light of our work, it appears that dormant 
spores of Mn(II)-oxidizing bacteria are still able to catalyse 
Mn(II) oxidation and that Mn(II)-oxidizing bacteria in general 
possess species-specific mechanisms for this phenomenon. 
This necessitates further work on the microbial mechanisms of 
Mn(II) oxidation and mineralization by spores, and a new 
assessment of the role and functions of dormat spores in the 
environment.  



 Goldschmidt2014 Abstracts  
 

 

1632 

1632 

Assessing Potential Impacts from 
Unconventionial Gas Development on 
Groundwater Resources in Alberta, 

Canada 
BERNHARD MAYER1, JENIFER ING1, 

MICHAEL NIGHTINGALE1 AND PAULINE HUMEZ1 
1University of Calgary, Calgary, Alberta, Canada T2N 1N4 

(bmayer@ucalgary.ca) 
 

With the rapid expansion of natural gas exploitation from 
unconventional reservoirs including coalbed methane and shale 
gas plays, there is significant public concern about potential 
future contamination of shallow groundwater with stray gases, 
formation waters or chemicals used during hydraulic 
fracturing. In order to enable a scientifically sound assessment 
of potential future deterioration of freshwater resources in 
shallow aquifers, it is essential to first establish a baseline of 
groundwater quality including its dissolved or free gases. This 
is especially important in areas where prior conventional oil 
and gas extraction has occurred. 

Since 2006, we have conducted monitoring programs 
determining the chemical and isotopic compositions of water, 
its dissolved constituents, and of gases obtained from shallow 
groundwater and formation fluids collected from coalbed 
methane and shale gas plays in Western Canada. We found 
that total dissolved solids, chloride concentrations and in some 
cases δ18O values of water, are effective indicators for 
monitoring for potential impact of formation waters on shallow 
groundwater. Analyses revealed that methane and often also 
ethane occur in baseline groundwater samples. Joint evaluation 
of gas compositions, wetness parameters, and isotopic 
compositions of methane indicated that the majority of the 
baseline samples contained methane of biogenic origin. 
Analyses of chemical and isotopic compositions of methane 
and higher n-alkanes from mud gases and producing 
formations revealed that stray gas intrusion from deeper 
formations into shallow aquifers can be effectively monitored 
by determining the δ13C values of methane and ethane in 
dissolved or free gas. Provided that baseline data for shallow 
groundwater have been determined, and that chemical and 
isotopic data for mudlog gases and production gases are 
available, it appears possible to identify the formation from 
which potential gas leakage occurs. This presentation details 
an approach used in Alberta for monitoring for potential 
negative impacts on shallow groundwater from stray gases or 
formation waters during development of unconventional 
natural gas resources. 
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Because of the increasing amount of nanoparticles (NPs) in 

the environment, it is interesting to analyse their stability in 
different chemical conditions to determine their mobility. It is 
also important to compare the stability of NP to that of more 
complex systems that could be found in the environment, such 
as NPs and clay minerals mixtures.  

Nanoparticles and clay minerals can sorb contaminants in 
the environment. When a mixture is stable in suspension, 
colloidal mixture-contaminant complexes can be transported 
through water flows, increasing polluted areas. 

Thus, as a possible vehicle of other contaminants, is very 
important to analyze the retention capability of NPs.  

In this study, stability and sorption capability of γ-Al2O3 
NP (single or mixed with NaBentonite clay) have been 
analysed, in a wide range of possible environmental 
conditions. 

Stability has been studied by measuring particle size and ζ-
potential. 100% γ-Al2O3 suspensions were prepared in a broad 
range of pH values and background electrolytes at different 
ionic strengths: NaHCO3, NaNO3, Na2SO4 and NaClO4. γ-
Al2O3-NaBentonite clay mixtures stability were measured in a 
wide range of pHs at different ionic strengths using NaClO4 as 
background electrolyte. 

Retention of aqueous pollutant species of different nature, 
Cd2+ (cationic) and SeO3

2-, (anionic) onto γ-Al2O3-NaBentonite 
mixtures suspensions varying salinity conditions have been 
also evaluated with the aim of designing geochemical barriers 
to immobilize aqueous contaminants. 
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Deep subsurface petroleum reservoirs are candidate sites 
for carbon capture and storage (CCS). The feasibility of CCS 
has been mainly studied from a geological perspective. 
However, little is known about the effects of CO2 storage on 
microbes inhabiting the reservoirs. To address this issue, we 
investigated the effects of the elevated CO2 concentration on 
the methanogenic microbial community and function in a 
petroleum reservoir by high-pressure incubation experiments 
mimicking the in situ reservoir (55°C, 5 MPa) or CO2 storage 
conditions. The microcosms were constructed using the 
production water and crude oil, pressurized with either N2 or 
N2+CO2 (90:10) at 5 MPa and then incubated at 55°C. 
Methane production was observed with the decrease of acetate 
dissolved in the production water under both high and low CO2 
conditions. However, the stable isotope tracer experiments and 
molecular biological analyses for both microcosms 
consistently showed that the major methanogenic pathway 
under the in situ reservoir condition was acetate oxidation 
coupled with hydrogenotrophic methanogenesis, whereas 
acetoclastic methanogenesis occurred under the CO2 storage 
condition. Based on thermodynamic calculations, acetoclastic 
methanogenesis is exergonic under the high CO2 conditions, 
but acetate oxidation would be endergonic. These results 
clearly indicated that CO2 storage into a high-temperature 
petroleum reservoir would cause a drastic change in the 
methanogenic pathways. Importantly, the elevated CO2 
concentration invokes the methanogenic pathway (acetoclastic 
methanogenesis) which is faster and more favorable for crude 
oil biodegradation. Our study presents a possibility of CCS for 
enhanced microbial production of natural gas in high-
temperature petroleum reservoirs. 
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The Tertiary plutonic assemblage of W Sabzevar is 

situated on the south of ophiolitic range and contains three 
different magmatic phases include leucogranites, main 
granitoid unit (monzogranite, granodiorite, quartz 
monzodiorite and diorites) and Fe- bearing hornblende 
gabbros. Although hornblende and plagioclase are the main 
constituents of gabbroic rocks, the content of magnetite reach 
up to 10 volume percentage in some samples. Fe-ore minerals 
(>70% iron) appear as sporadic patches in limited occurrences 
of hornblende gabbros (ore hosted hornblende gabbros). The 
modal content of ore hosted rocks (OHR) is similar to other 
hornblende gabbros (HB) but trace element composition is 
clearly different. The OHR samples have higher Cu (102-140 
ppm) and Zn (85-96 ppm); and lower Pb (12-16 ppm), Sn (0.3-
0.7 ppm), Mo (0.8-1.1 ppm), Ta (0.2-0.3 ppm) and Nb (0.5-0.8 
ppm) than HB [Cu (20-30 ppm), Zn (41-53 ppm), Pb (40-50 
ppm), Sn (1.2-2.1 ppm), Mo (1.7- 2.2 ppm), Ta (6.5-7.8 ppm) 
and Nb (10.1-12.5 ppm)]. Furthermore, the rare earth elements 
(REE) characteristics of OHR and HB are completely 
different: ∑REE in OHR (17.1-21.4 ppm) is obviously lower 
than HB (69.6- 91.8 ppm); and Chondrite-normalized REE 
patterns of HB show more fractionated appearance with 
steeper LREE/HREE ratio (LaN/YbN= 4.8-6.9) than OHR 
(LaN/YbN= 0.9-1.5) which depicts relatively flat REE pattern. 

The textural and geochemical relationships between 
hornblende gabbros and oxide ores in this area suggest 
crystallization of Fe-oxides from oxide ore melts. The exact 
formation of these melts is uncertain, but the abundance of 
hydrous phases (high amphibole) indicates that the separation 
of immiscible oxide melts from a ferrobasaltic magma [1] 
could be probable scenario for the formation of iron ore 
deposits of W Sabzevar. 
 
[1] Zhou et al (2005) J.Petrl. 46, 2253- 2280 
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Solid-state Au/Hg amalgam microelectrodes were used to 

quantify redox species by voltammetry in prairie pothole lake 
(PPL) sediment pore waters at resolutions as fine as 1 cm 
depth. This technique is ideal for such measurements as it 
allows us to simultaneously identify and quantify multiple 
redox active species (e.g., Mn (II), Fe(II) and Fe(III), and S) in 
sediments column in situ. We used solid-state electrodes 
Au/Hg amalgam electrodes to measured the profiles of redox 
active species in the sediments of two lakes, P7 and P8, located 
in the Cottonwood Lakes Study Area in North Dakota. The 
sediment water interface of both lakes showed no identifiable 
reduced chemical species. P8 showed increasing S (as 
HS-+H2S) from 1 cm to a depth of 8 cm and maintained those 
concentrations at 9 and 10 cm, whereas P7 had either trace 
levels or no S in the pore fluids. Fe(II) concentrations in P7 
increased to a depth of 4 cm, but disappeared below that depth. 
Indeed we observed no reduced Mn, Fe, or S in P7 at depths 
below 4 cm. Fe (II) in P8 showed a similar pattern, although 
concentrations of reduced Fe in P8 were lower. We did not 
detect any Mn(II) in the sediment pore waters in either lake. 
Additional peaks were observed at potentials that may indicate 
the presence of polysulfide species in P8 pore waters that 
increased to a depth of 3 cm before decreasing in 
concentration. We believe these data reflect the inherent 
differences between flow-through (P7) and discharge lakes 
(P8) in the PPLs. As water moves from P7 through the pyrite 
rich glacial till to the down gradient P8, it weathers the pyrite, 
releasing oxidized S into overlying waters that becomes re-
reduced in pore waters. That Fe (II) concentrations do not 
mirror the increase in S from P7 to P8 indicates an additional 
mechanism that removes Fe (II) e.g., formation of sulfide 
minerals from the groundwater before it is discharged into P8. 
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IODP Expedition 345 drilled the first holes in the lower 

plutonic crust at a fast-spreading ridge, recovering primitive 
layered gabbros [1]. Alteration occurred as: 1) a largely static 
pseudomorphic alteration, predominantly in the greenschist 
and sub-greenschist facies with mainly talc and serpentine 
replacing olivine, and prehnite replacing plagioclase. 2) an 
overprinting metasomatic alteration, spatially related to 
cataclastic fault zones and macroscopic veins, dominated by 
prehnite and chlorite. Metamorphosed dykes show chilled 
margins within the cataclasites, and are themselves affected by 
cataclastic deformation. Faults, dykes and overprinting 
alteration are all inferred to be related to the westward 
propagation of Cocos-Nazca spreading forming Hess Deep. 

87Sr/86Sr ratios of cataclasites and dyke rocks are in the 
range 0.7037 – 0.7048, indicating alteration by seawater at 
moderate integrated fluxes. The highest values were in 
cataclasites overprinted by prehnite. δ18O values range from +1 
to + 6 per mil. Combined with metamorphic data this indicates 
alteration at temperatures between 200 and 350 °C. 
Preliminary modelling using Comsol Multiphysics suggests 
that the temperatures of the overprinting alteration could be 
achieved in a permeable fault slot cutting through crust 0.5 to 1 
m.y. old.  

The prehnite-chlorite assemblage is predicted to be 
important in off-axis alteration, common in any location where 
faults intersect the Moho, including transform faults, near axis 
normal faults at slow spreading ridges, and perhaps bending 
faults at subduction zones.  

 
[1] Gillis, K.M., Snow J. E. and Shipboard Science Party 
(2014) Primitive layered gabbros from fast-spreading lower 
oceanic crust. Nature, 505, 204–207 
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The olivine crystal structure can accommodate a wide 

variety of minor and trace elements. However, the short range 
ordering and site preference of these elements remains 
uncertain. While advanced theoretical models exist, the limited 
sensitivity of many experimental techniques has reduced the 
accuracy with which these models can be confirmed. 
Compatible elements, such as divalent transition metals, may 
behave similarly at low and high concentrations. Fewer 
observations of the distribution and substitution mechanisms of 
structurally incompatible elements exist. For both compatible 
and incompatible elements, nuclear magnetic resonance 
(NMR) provides a nuclide specific, sensitive observation of the 
coordination environment, allowing quantitative inferences on 
site preference to be determined. 

To investigate the distribution of compatible elements, 29Si 
NMR spectra have been collected on otherwise pure synthetic 
forsterite with minor amounts of Fe, Co, or Ni. The transition 
metal’s unpaired electrons produce small, additional peaks 
whose frequencies are “contact shifted,” and which are 
geometrically dependent on the relationship between the 
silicon site and neighboring sites occupied by paramagnetic 
cations. Analyses of these data place further constraints on the 
site preferences and distributions of these elements at low 
concentration. 

A number of incompatible elements can be observed 
directly by NMR to determine coordination and substitution 
mechanisms. Promising observations have been made on Al- 
and Sc-doped forsterite samples. Electron microprobe analysis 
was used to determine sample homogeneity, the abundance of 
the doping element in the bulk forsterite, and the presence of 
impurity phases. Long 27Al or 45Sc NMR acquisitions were 
then used to identify the coordination and distribution of the 
trace element. Plans to continue the study with other sensitive 
nuclides such as Li, B, Na, and P should further expand these 
results.  
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Mn(II) mobility and pH changes are two key factors that 

may govern both the distribution of naturally occurring Cr(VI), 
a toxic carcinogen found in California drinking water aquifers, 
and Cr re-oxidation following reductive remediation at 
anthropogenically contaminated sites. At circum-neutral pH 
values characteristic of California’s aquifers, Cr(III) is 
oxidized by Mn(III,IV)-oxides. Both natural and 
anthropogenically generated Cr(III) occur as fine grained  
oxy-hydroxides [1, 2, 3]. In aquifer materials, Mn-oxide 
concentrations are often orders of magnitude higher than Cr, 
and Mn-oxides commonly coat mineral surfaces [1]. Further, 
Mn(II), formed typically under reducing conditions, is far more 
soluble than Cr(III). We hypothesize that, because of the 
higher concentration and mobility of Mn in the environment, 
the distribution and oxidation state of Mn in relation to Cr(III) 
minerals is a primary control on Cr oxidation. 

To investigate the influence of pH and Mn(II) 
concentrations on Cr(III) oxidation, we conducted well-mixed, 
aerated, batch experiments with synthetic Cr(OH)3-coated 
quartz sand. Aqueous Mn(II) was added (as MnCl2) to batch 
reactors buffered at pH 7, 8 and 9. The evolution of fluids and 
solids were tracked for two weeks. Within one day, Mn-oxides 
formed and Cr(VI) concentrations exceeded the proposed CA 
drinking water limit of 10 µg/L. Cr(VI) concentrations 
generated at pH 8 and 9 exceeded those generated at pH 7. 
TEM imaging and selected area diffraction indicate that Cr and 
Mn mineral phases varied in morphology, crystallinity and 
juxtapositioning. Higher valence, less crystalline Mn-oxides 
precipitated under lower Mn(II) concentrations where more 
Cr(VI) was generated. These results indicate that Mn(II) 
mobilization, either natural or anthropogenically stimulated, 
followed by oxic conditions may lead to the precipitation of 
Mn oxides in close proximity to Cr(III) minerals generating 
Cr(VI) concentrations above 10 µg/L on a timescale of days.  
 
[1] Izbicki et al (2008) Applied Geochemistry 23, 1325-1352 
[2] Mills et al (2011) Applied Geochemistry 26, 1488-1501 [3] 
Varadharajan et al (2010) AGU Meeting, B51C-0377 
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Dust has the potential to be a key source of rock derived 

nutrients in highly weathered terrestrial ecosystems [1]. Dust 
fluxes are most commonly estimated using point 
measurements, which are then extrapolated across the 
ecosystems. Our study in the Luquillo Critical Zone 
Observatory (LCZO) shows that both wet and dry deposition 
are spatially and temporally variable on the landscape scale. 
LCZO is an especially interesting place to study dust 
deposition because it receives large inputs of P-rich African 
dust which is isotopically distinct from the underlying bedrock, 
and it has been suggested to be a P-limited ecosystem [2]. 

Analyzing data from two weekly rain chemistry records 
dating back to 1988 for dissolved SiO2 (dSiO2), non-seasalt 
Ca2+, and total suspended solids (TSS) (n>1000), in 
conjunction with backward airmass trajectories calculated 
using HYSPLIT, we find that dust deposition is not spatially or 
temporally homogenous. Openfall fluxes of dSiO2 are stongly 
correlated with with TSS. The flux of dSiO2 at one station is 
better correlated with Sahara-Sahel airmass trajectories and is 
double that of another station that is 10km away, despite 
having similar elevation and forest type. In addition to spatial 
variability, we also found seasonal and yearly variations in 
how well openfall dSiO2 correlated with airmass trajectories 
originating in the Sahara-Sahel region. Counterintuitively, the 
generally strong correlation between openfall dSiO2 and 
Sahara-Sahel airmass trajectories becomes much weaker 
during the latter half of the year, which is the dominant African 
dust transport season to the Caribbean. Comparison of 
throughfall and openfall records suggests that the ratio of dry 
to wet deposition varies seasonally. 

Our study highlights the need to characterize variability 
when quantifying dust fluxes. Understanding the erratic nature 
of dust deposition is one of the first steps to fully quantifying 
nutrient fluxes from atmospheric deposition, and assesing 
whether land-use changes on one continent can affect 
ecosystems across an ocean.  

 
[1] Pett-Ridge, J. C. (2009) Biogeochemistry, 94 63-80 [2] 
Silver WL (1994) Oecologia 98 (3–4):336–343 
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The flux of hydrogen (H2) generated during 
serpentinization of ultramafic rocks places major constraints 
on the capicty for serpentinites to support biological activity 
and the synthesis of abiotic organic compounds. We will 
present results of initial models that predict the flux of H2 
during incipient serpntinization of ultramafic rocks, and 
examine the effect of factors such as temperature, fluid:rock 
ratio, and rock composition on H2 generation. Rates of H2 
generation in these models are constrained to first-order by 
recent experimental results by ourselves and others to measure 
production of H2 during serpentinization, and to correlate this 
production with changes in the composition of mineral reaction 
products. One prediction of the current models is that H2 
production during low temperature (25-50 °C) serpentinization 
is extremely slow, requiring many hundreds to many thousands 
of years to accumulate the H2 levels observed in found in many 
low temperature subareal serpentinites, which appears to be in 
conflict with some ideas about how rapidly serpentinization 
produces H2 in near- surface environments. A major source of 
uncertainty in these predictions at this time, however, is a large 
discrepancy between the H2 production rates observed in low 
temperature (<100 °C) and high temperature (>200 °C) 
laboratory experiments involving reaction of olivine or 
ultramafic rocks, where the production rates at low 
temperatures exceed the rates expected by extrapolation of 
higher temperature results by several orders of magnitude. 
Resolution of this discrepancy will help to clarify the source of 
H2 in low temperature serpentinizing rocks.  
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Introduction: The mineral apatite [Ca5(PO4)3(F,Cl,OH)] is 

a common phosphate phase found in a wide variety of 
planetary materials. The crystallographic site that typically 
hosts fluorine, chlorine, and hydroxyl is referred to herein as 
the X-site, and the primary goal of the present study is to 
compare the occupancy of this site among a number of 
planetary materials from both differentiated and 
undifferentiated bodies using electron probe microanalysis [1]. 

Results: Apatites from unaltered basalts in most 
differentiated bodies have limited Cl abundances and variable 
F-OH, whereas apatites in undifferentiated meteorites are Cl-
rich (Figure 1). Apatites from Mars do not fit this trend 
indicating they are either from altered basalts or Mars is 
geochemically distinct from the other differentiated bodies 
examined (Figure 1). 

 

 
Figure 1. Ternary plot of Apatite X-site occupancy. Data from 
present study and from [2-4]. 

 
[1] McCubbin et al (2010) Am. Min. 95, 1141-1150 [2] 
McCubbin et al (2012) Geology 40, 683-686 [3] McCubbin et 
al (2013) Met. Planet. Sci. 48, 819-853 [4] Piccoli and 
Candela, (2002) RMG 48, 255-292 
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Introduction: Apatite [Ca5(PO4)3(F,Cl,OH-)] is a common 

mineral in igneous rocks and the only ubiquitous hydroxyl 
(OH-) bearing mineral found in planetary materials [e.g., 1-3]. 
Consequently, apatite is an important resource for 
understanding the water budgets of terrestrial and planetary 
magmas. Fourier Transform Infrared Spectroscopy (FTIR) 
offers an accurate, quick, and non-destructive method for 
quantifying the OH- content of apatites. Quantitative 
measurements of molecules from the infrared spectrum are 
obtained by the Beer-Lambert law, Ai=ctεi, where εi is the 
integrated molar absorption coefficient (εi), which must be 
empirically determined for each molecule/mineral. This work 
aims to measure this value for OH- in apatite.  

Methods: The H2O contents of four single-crystal, gem-
quality, fluorine-rich apatites were accurately measured by 
continuous flow mass spectrometry (CFMS). Infrared spectra 
were collected with a Nicolet Nexus 670 FTIR using a 
microscope attachment, MCT-A detector, XT-KBr 
beamsplitter, and Globar source. Samples were cut 
perpendicular to the c-axis, doubly polished to an average 
thickness of 60 µm, and analysed under polarized light 
following procedures in [4]. Peak areas were determined using 
OMNIC spectral analysis software, and sample thicknesses 
were measured using methods outlined in [5].  

Results: The calculations produced εi = 2.52 x104 ± 0.26 
L/mol/cm2. This value is similar to one reported in a previous 
study (2.31±0.06 x 104) [6]; however, our reported uncertainty 
is higher. Our uncertainty is likely more realistic because it is 
based on the standard deviation of εi calculated from the 
analysis of four different apatites. It is unclear how [6] 
computed εi and associated uncertainty, but treating their data 
set the same way as our own, we compute εi = 2.02 x104 ± 0.46 
L/mol/cm2. Consequently, additional work is needed to better 
constrain εi for quantification of OH- in apatite by polarized 
micro-FTIR. 

 
[1] McCubbin et al (2010) PNAS 107, 11223-11228 [2] 
McCubbin et al (2012) Geology 40, 683-686 [3] Sarafian et al 
(2013) Met. Planet. Sci. 48, 2135-2154 [4] Libowizky & 
Rossman (1996) Phys. Chem. Min. 23, 319-327 [5] Berger 
(2012) M.S. Thesis, UNM, 71pp. [6] Wang et al (2011) Amer. 
Min. 96, 1392-139. 
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40Ar/39Ar thermochronology is commonly used to constrain 
the timing, and rates of cooling in exhumed metamorphic 
terranes. The 40Ar/39Ar age is be linked to temperature via 
Dodon’s closure temperature (Tc) formulation [1], that assumes 
no initial Ar in the grain, thermally-activated volume diffusion 
and an ‘open’ grain boundary network. Elevated Ar ages, 
compared to e.g. U-Pb ages, in many metamorphic rocks 
suggest that one or more of these assumptions may commonly 
be broken, especially in cases where K-bearing minerals 
recrystallize during exhumation. 

Symplectization is an important means by which 
metamorphic rocks recrystallize during exhumation. Pertinent 
to 40Ar/39Ar thermochronology is the breakdown of HP 
phengite to biotite-plagioclase symplectites. By analyzing 
these different minerals we can test which of the Tc 
assumptions have been broken, during Ar recycling during 
symplectization. 

Laser-ablation 40Ar/39Ar analyses of phengite, biotite and 
biotite-plagioclase symplectites were performed on a 
symplectic gneiss from the WGR, Norway that reached peak 
conditions (~650°C, 26 kbar) at 405-400 Ma [2] and 
decompressed whilst at elevated temperatures soon after. 
Phengite ages range from 486-385±5 Ma with heterogeneous 
with-grain age distributions. Biotite yielded a smaller range of 
ages (396-374±5 Ma) and less inter-grain variation. The 
biotite-plagioclase symplectite yielded ages of 384-381±6Ma 
and 698-266±25 Ma for biotite and plagioclase, respectively. 

Ar distribution is therefore locally heterogeneous both 
within and between different minerals. Apparent Ar ages 
within phengite suggests that despite the elevated 
temperatures, diffusion of Ar was negligible, while plagioclase 
shows preferential incorporation of Ar over biotite in the 
symplectites.  

Symplectization is clearly an important process by which 
Ar is redistributed and simple models of thermally-driven 
diffusion are insufficient to explain the behavior of Ar in 
metamorphic terranes, having far-reaching implications for 
geodynamic modelling of exhumation.  

 
[1] Dodson (1973) Contrib. Mineral. Pet. 40, 259-274 [2] 
Hacker et al (2010) Tectonophysics 480, 149-171 
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While significant attention has been dedicated to 
understanding the synthesis and structure-function relations of 
the most abundant biominerals, especially carbonates and 
phosphates, the last decade has also witnessed additional 
interest in exploiting microbial strategies for producing a wider 
range of synthetic nanomaterials with technologically relevant 
functionalities. Chalcogenide compounds represent an 
intriguing target for biogenic synthesis. Depending on 
composition and synthesis techniques, chalcogenide materials 
may be crystalline or glassy, metallic, semiconductive, or ionic 
conductors. This versatility leads to a wide range of tunable 
functionalities in various components including sensors, 
waveguides, and photoactive devices. Harnessing microbial 
processes to synthesize such semiconductors in physiological 
conditions offers advantages over traditional physical and 
chemical strategies that typically require more extreme 
environments (temperature, pressure, and pH). 

In this study, we present in situ microscopic observations 
to characterize the microbial synthesis of individual arsenic 
sulfide (AsxSy) nanofibers by the dissimilatory metal-reducing 
Shewanella species, and detail the crystallographic, structural, 
band gap, and electronic properties of the resulting nanofibers. 
This process relies on the remarkable metabolic versatility of 
Shewanella to concomitantly reduce S2O3

2- to S2-, serving as a 
terminal electron acceptor, and As(V) to As(III), thought to 
occur via As reductases tied to either the respiration or 
detoxification pathways. In contrast to previous detailed 
studies of chalcogenide synthesis by Shewanella sp. strain HN-
41, we focused our attention on Shewanella oneidensis MR-1 
as well as Shewanella sp. strain ANA-3 and mutants of strain 
ANA-3 deficient in arsenic reduction. The use of strain ANA-3 
resulted in significantly more rapid precipitation of AsxSy 
nanofibers than previously reported, under identical conditions. 
Furthermore, we demonstrate functioning field-effect 
transistors based on single biogenic nanofibers, and study their 
charge mobility and switching behavior as a function of back-
gating, to identify the doping type and majority charge carriers 
in these semiconductors. 
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Ancient shorelines and lake sediments in Utah’s 

Bonneville Basin preserve evidence of dramatic changes in 
water availability in the U.S. Great Basin over the last 30,000 
years. In-depth study of these deposits has produced one of the 
best-constrained lake level records available; however, dating 
uncertainties still prevent confident assessment of linkages 
between Great Basin climate and global climate changes 
recorded in other archives. Further, there is a general lack of 
information about interglacial climates, when lake levels are 
low and few deposits are preserved.  

Here we aim to address these problems using two 
complementary paleohydrologic archives that can be precisely 
dated by U/Th geochronology. First, we present hydrologic 
proxy data (δ18O, 234U/238U, 87Sr/86Sr, Ba/Ca) from pristine, 
crystalline lacustrine carbonates precipitated from Lake 
Bonneville’s waters between 26 and 14 ka. Second, we present 
stalagmite Mg/Ca and δ13C records from Lehman Cave on the 
Bonneville Basin’s western edge that allow us to extend 
regional hydrologic records past the lake’s deglacial fall 
through the Holocene. The precise chronological control and 
multiple hydrologic proxies offered by these paired records 
provide important new constraints on the region’s response to 
a variety of climate forcings over the last 25 ka. We will focus 
particular attention on records of the region’s response to 
Heinrich events 1 and 2 and the transition from relatively wet 
to dry conditions in the early Holocene. 
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The majority of cells on the planet interact with other cells, 
and describing the types and effects of these interactions is a 
core goal of microbiology. Spatial proximity is thought to be a 
major contributor of cell-to-cell activity relationships, 
especially in low energy or nutrient limited regimes. However, 
measuring the activities of individual cells and relating this to 
spatial structure is challenging. Furthermore, interpreting the 
physiological "meaning" of any observed spatio-metabolic 
relationships is made difficult by the diversity of metabolic 
interactions found in nature. 

Multispecies microbial consortia that carry out the 
anaerobic oxidation of methane (AOM) are premier examples 
of growth permitting metabolic coupling that may have spatial 
constraints. As observed through FISH-SIMS (Fluorescence 
In-Situ Hybridization coupled with Secondary Ion Mass 
Spectrometry), uptake of a general activity isotope reporter 
(15NH4

+) showed intra-consortia variability of cellular activity 
amongst phylogenetically identified cells. Aggregate structure 
and distance between microbial partners are observed to be 
contributors to single cell metabolic activity within consortia. 
Between individual cells, anabolic activity rates varied, yet 
were strongly correlated between neighboring members within 
a population, as well as between symbiotic partners. 
Surprisingly, the summed anabolic activity of an individual 
aggregate does not appear to be a function of spatial  
structure (i.e. segregated or well mixed), suggesting that 
environmentally derived resources are differentially partitioned 
within co-associated populations based on the geometry of 
cell-cell interactions. Using modeling approaches, the 
metabolic consequences of various symbiotic interactions are 
being tested to shed light on how both physiological, and 
spatial arrangement could produce the observed activity 
relationships. These investigations help us understand the 
metabolic landscape in AOM consortia, and also provide 
direction for the investigation of structured microbiological 
communities at-large, be they antagonistic, competitive, 
mutualistic, or engineered. 
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Patterns and manipulations  

The bulk of the energy captured by tropical rainforests falls 
to the floor as part of the detrital food web. This environment 
is replete with organisms whose densities and community 
composition track the carbon and micronutrient composition of 
the litter. I conducted a series of observational and 
manipulative experiments at La Selva Biological Station in 
northeastern Costa Rica, to document mesoscale relationships 
between the arthropod community and nutrient concentrations, 
and to test how the ants of the detrital food web may alter the 
decomposition of leaf litter [1-4]. I additionally used C and N 
stable isotopes to evaluate how the trophic structure of the 
litter food web responds to gradients in nutrient concentrations 
[5]. 
Findings 

The availability of nutrients is highly predictive of the 
community stucture of litter-dwelling arthropods, though the 
mechanisms by which micronutrients are predictve of 
community structure remain enigmatic. To a limited extent, 
arthropods alter the rate of energy and nutrient liberation from 
leaf litter, but it remains unlikely or unclear whether the 
activity of this guild of animals plays a substantial role in 
altering the movement of energy and nutrients throughout the 
ecosystem. 
Student training and outreach 

All investigations were conducted as undergraduate 
research projects by students from a minority-serving 
institution, with the participation of K-12 science teachers in 
the field. The mentorship of undergradautes in an immersive 
research environment, in this case La Selva Biological Station, 
has been critical in developing independent research identities 
for students from underrepresented groups. 

  
[1] McGlynn & Poirson (2012) J.Trop.Ecol. 28, 437-443 [2] 
McGlynn et al (2009) BMC Ecology 9, 23 [3] McGlynn et al 
(2009) Biotropica 41, 234-240 [4] McGlynn et al (2007) 
Biotropica 39, 50-53 [5] Huang et al (2012) J. Trop.Ecol. 28, 
395-403 
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Highly reduced UHP trace-mineral assemblages in 

podiform chromitite bodies in the Luobusa peridotite massif of 
SE Tibet, imply crystallisation in the Transition Zone, but most 
other features are similar to those of typical ophiolitic 
chromitites formed at shallower levels. New geochronological 
data may explain this apparent paradox.  

Re-depletion	  model ages of laurite grains, and U-Pb ages 
and εHf values of euhedral zircons separated from massive 
chromitite, suggest that the chromitites formed at least 325 Ma 
ago; the trace-element signatures indicate crystallisation in a 
supra-subduction zone environment. A lithospheric mantle slab 
containing the chromitite was then subducted to the Transition 
Zone (>12.5 GPa), where the chromite inverted to the high-
pressure polymorph Ca-ferrite, and reacted locally with 
reducing fluids to form the highly reduced trace-mineral 
assemblages. Os model ages (TRD) of Os-Ir alloy nuggets in 
chromitites suggest that this had occurred by ca 235 Ma [1].  

After ≥100 Ma in the Transition Zone, material from the 
buoyant, depleted slab was transported to shallow depths and 
incorporated into the lithosphere. Geodynamic modelling 
suggests this rise from >440 km was rapid (ca 6-8 Ma) and 
driven by rollback of the Indian slab. This process may occur 
in other collision zones; if so, mantle samples from the 
Transition Zone may be more widespread than previously 
recognised. 
 
[1] Shi, R., et al (2007) 261, 33-48  
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A novel method for identifying behavioural mechanisms of 

potentially toxic elements (PTEs) has been identified. The 
Tellus soil geochemical data set consists of almost 8000 
samples taken across Northern Ireland and analysed by two 
methods; inductively coupled plasma (ICP) following an aqua 
regia acid extraction and x-ray fluorescence (XRF). This study 
hypothesises that by comparing the concentrations measured 
by these two methods information regarding the mobility of 
the elements can be deduced. ICP measurements depend on the 
acid extraction, meaning they will be relatively greater where 
the element exists in an extractable form in the soil, while XRF 
is said to measure total concentrations. Mobility, in turn, gives 
an indication of potential health risks, as elements which are 
more mobile in the environment are also more bioavailable to 
living organisms. 

A number of interesting mechanisms have been identified 
for two PTEs under investigation; antimony (Sb) and tin (Sn). 
When the spatial distribution of the ratio between the two 
analytical methods was examined, land use and soil type were 
identified as two main controlling factors. Urban and rural 
areas showed very different relationships (figure 1), as did 
areas of peat. Investigations have suggested that areas of peat 
are acting as a sink for these PTEs, implying that geochemical 
ratios can be used as a method by which to map peat health. 

 
Figure 1: Logarithmic plots of XRF against ICP for Sb and Sn 
with rural samples in black, urban samples in red and dashed 
line showing where the two methods are equal 
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The bulk carbon isotope ratio (δ13Cbulk) of leaves has long 
been recognized to vary with available moisture in C3 but not 
C4 plants. This has been attributed to the effects of water stress 
on stomatal conductance, and the reduction of the partial 
pressure of CO2 inside the leaf (pi) relative to the atmosphere 
(pa), which influences carbon isotope fractionation by Rubisco 
in C3 but not C4 plants. 

As a corollary, carbon isotope ratios of leaf-wax n-alkane 
(δ13Clipid) would be expected to vary with available moisture in 
C3 but not C4 plants. However, this assumption has not been 
extensively tested. In order to examine whether δ13Clipid varies 
in parallel with δ13Cbulk in relation to available moisture, we 
have compiled new and published data on δ13Cbulk and δ13Clipid 
from C3 and C4 plants over a range of climatic conditions.  

As expected, δ13Cbulk demonstrates a significant 
dependance on potential evapotranspiration in C3 but not C4 
plants. For C3 plants, drier conditions correspond to more 
positive δ13Cbulk values and wetter conditions correspond to 
more negative δ13Cbulk values. In contrast, δ13Clipid values from 
these same C3 plants show no dependence on potential 
evapotranspriation. In C4 plants, δ13Clipid shows no significant 
relationship with potential evapotranspiration, similar to 
δ13Cbulk.  

These results indicate that the fractionation of carbon 
isotopes between the bulk leaf and lipid (εl/bulk) is not constant 
in C3 plants. In fact, it appears that εl/bulk varies with available 
moisture in both C3 and C4 plants, with greater negative 
fractionation under drier conditions, and less negative 
fractionation under wetter conditions. In this dataset, the net 
result is that the variation in C3 plant δ13Cbulk with available 
moisture is compenstated by the opposite variation εl/bulk. As a 
consequence δ13Clipid appears to be insensitive to variations in 
available moisture. Variation in εl/bulk within single species 
along climatic gradients is being examined to rule out the 
potential influence of plant type on the observed pattern.  
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Biogenic gas generated via methanogenesis is adsorbed 
onto organic matter in coals and organic-rich shales, and held 
in place by hydrostatic pressure. Therefore, groundwater must 
be removed before gas is released from the formation. In the 
Powder River Basin (PRB) in southeastern Montana and 
northeastern Wyoming, 7.4 billion barrels of groundwater has 
been extracted since 2000 to produce microbial coalbed 
methane (CBM), which in some cases has led to major 
declines in the water table. The disposal or reuse of this CBM-
produced water is a major challenge due to its high Na 
concentration. Recently, thousands of CBM wells in the PRB 
have been shut-in and little new drilling has occurred, possibly 
leading to a rebound in water levels. This study uses a multi-
tracer approach to investigate the influence of groundwater 
pumping and recovery on subsurface geochemical conditions, 
specifically water, solute and energy sources, and subsequent 
microbial activity in PRB coals. 

PRB coal waters are typically within the methanogenic 
zone, where other electron acceptors, such as sulfate and ferric 
iron, have been depleted. High-SO4 (>2.8 mM) coal waters are 
typically only found near the coal subcrop. As groundwater is 
extracted for CBM production, sulfate-bearing waters may be 
drawn into the coalbeds from upgradient coals or overlying 
siliciclastic aquifers, as seen in local monitoring well data, 
corresponding to slight decreases in water table elevations. The 
introduction of SO4 may stimulate sulfate-reducing bacteria 
while inhibiting methanogens, recorded by increasing δ34S 
results. 

Sr isotopes can provide a unique fingerprint of solute 
sources and water flowpaths in the PRB, as the coals exhibit 
more radiogenic 87Sr/86Sr than adjacent siliciclastic sediments 
[1]. Interestingly, the shallowest, SO4-bearing waters generally 
exhibit the lowest values of 87Sr/86Sr. Therefore, increased 
inputs of shallow groundwater to coalbeds due to pumping 
should be recorded by declines in 87Sr/86Sr. Boron isotopes also 
offer the potential for identifying external water inputs to 
coalbeds. 
 
[1] Frost, et al 2002, Geology 30, 923–926 
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U-Pb zircon geochronology in volcanic ash is commonly 

used to provide absolute age controls on the stratigraphic 
record. This approach relies on the assumption that a 
statistically significant population of zircon were crystallized 
in the volcanic system just prior to eruption and were 
subsequently erupted and deposited in the ash >100's km away 
in a sedimentary basin. A volcanic ash, however, may contain 
large numbers of “recycled” zircons that may either be 
distinctly older or statistically indistinguishable from 
coeruptive zircon; in the latter case, weighted mean zircon ages 
may yield erroneously old results. To circumvent this 
limitation, we present an interpretive tool that relates zircon 
mineral chemistry to U-Pb ages as determined by SHRIMP 
analyses. Zircons from ashes within the Karoo Supergroup of 
South Africa show increases in LREE/HREE ratios in younger 
zircon; this is interpreted as a response to incompatible 
element enrichment in the evolving magmatic system, which 
may be a proxy for volatile enrichment prior to volcanic 
eruption. Zircon age determinations for Karoo Supergroup 
ashes based on weighted means without considering zircon 
geochemistry are chaotic and do not reflect the observed 
stratigraphic order. By interpreting high LREE/HREE in zircon 
as an indicator of autocrystic zircon, weighted mean ages for 
volcanic zircon populations, ash ages match the sampled 
stratigraphic order. Further testing on larger, more diverse 
datasets could determine the robustness and validity of this 
conceptual approach.  
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Detrital zircon geochronology has become a standard tool 

in paleotectonic and sedimentary provenance studies of various 
scales. However, fundamental questions regarding controls on 
the fidelity of the detrital zircon record and the utility of the 
method remain unresolved. Contrasting views exist for the 
meaning behind the long-term “peaks” and “troughs” regularly 
observed in zircon age distributions. It has been postulated that 
these peaks and troughs correspond to intervals of episodic 
continental growth and variation in plate tectonic regimes; 
conversely, it has been suggested that they result from 
preservational biases related to continental collision during 
supercontinent formation. Here we present a review of new 
and published detrital zircon U-Pb age data from sedimentary 
successions that span the Paleoproterozoic to the modern from 
India and South America. These data are considered in a 
stratigraphic context and age distribution variation is evaluted 
relative to depositional age, which is compared to independent 
tectonic records for these regions. Age peaks indicative of 
large age populations in the detrital zircon record directly 
correspond with intervals of regional continental arc 
magmatism, whereas age troughs correspond to intervals 
lacking continental arc activity. Arc-related zircon grains 
introduced at the surface are often transported across the 
continent, archived in numerous basins, and recycled through 
subsequent exhumation and erosion, thus yielding great 
longevity in the continental crust. We contend that an apparent 
bias towards supercontinent cyclicity is an artifact of the 
inherent importance of subduction and continental arc 
magmatism during supercontinent formation, in which ocean 
lithosphere must be removed prior to continental collision. The 
process of collision itself, however, does not enhance the 
preservation of zircon in the sedimentary record. Therefore, 
when considered in a stratigraphic context, the detrital zircon 
record can be effectively used as proxy for tracking regional 
variation in tectonic regimes. 
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Hematite shows potential for recording cooling histories 

over a very wide range of temperatures through the coupling of 
the (U-Th)/Ne and (U-Th)/He systems. Two museum-quality 
hematite specimens from neighbouring iron ore mines in 
Ironwood, Michigan USA, were analysed to explore He and 
Ne systematics and multi-domain diffusion (MDD) behaviour. 
The botryoidal hematite specimens used for this study are 
dense aggregates of sheet-like crystallites that range in 
thickness from several nm to several μm. PPM level U 
concentrations produce abundant nucleogenic 21Ne through α 
particle capture on 18O, constituting ~97% of the total 21Ne 
measured, and yielding (U-Th)/Ne ages of 756 ± 18 and 789 ± 
48 Ma. (U-Th)/He ages of 571 ± 18 and 595 ± 37 Ma are 
considerably younger and therefore must be cooling ages. 
After proton irradiation to make 3He, step heating of these 
samples yields highly-reproducible He release patterns that 
indicate a roughly 3 order of magnitude span in diffusion 
domain size, implying a range of closure temperatures from <0 
to ~160˚C. Observations that support the MDD interpretation 
are (1) reducing the physical grain size prior to step-heating 
eliminates the most retentive (largest) diffusion domain, and 
(2) activation energy is consistent at 160 ± 7 kJ/mol both for 
different domains within a sample and between the two 
samples. 4He/3He age spectra derived from these same 
experiments exhibit a monotonic rise from near 0 up to ~780 
Ma, where He step ages define plateaus over a series of 
consecutive steps constituting the final ~40% of gas that are 
indistinguishable from the (U-Th)/Ne age. This observation 
strongly suggests that the largest domain(s) have been closed 
to He (and Ne) loss since formation. Inversion of these data for 
temperature history will be discussed. 
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Monazite and xenotime occur in ore-grade concentrations 
within Proterozoic gneiss in the Music Valley region (MVR) 
of southern California. However, the age and petrogenesis of 
this potentially economically significant rare earth element 
(REE) deposit remain uncertain. A combined petrologic and 
geochronologic approach using SEM imaging, EPMA x-ray 
mapping and LA-MC-ICPMS geochronology reveals textural 
and temporal relationships between REE mineralization and 
the surrounding geology. Monazite and xenotime are restricted 
to biotite folia within the host Pinto Gneiss with highest 
concentrations occuring in close proximity to contacts between 
the host gneiss and diorite bodies (Gold Park Diorite), the 
latter of which are cut by felsic pegmatite veins that appear to 
have been generated by partial melting of the Pinto Gneiss. 
SEM imaging and EPMA x-ray mapping reveal anhedral to 
subhedral ore-forming monazite and subhedral to euhedral 
xenotime with complex internal elemental zoning. 
Dissolution/re-precipitation textures overprint relict oscillitory 
zoning with xenotime and uranothorite forming from 
breakdown of monazite and vice-versa (monazite and 
uranothorite forming from original xenotime), suggesting a 
later metasomatic event affected the ore body. Petrographic 
evidence for a reaction involving breakdown of monazite, 
anorthite, and biotite to form apatite and allanite also suggests 
later-stage metasomatism. Monazite and xenotime U-Th/Pb 
geochronology constrains REE mineralization to ~1785 Ma, 
consistent with zircon ages obtained from the same rocks. 
Zircons from the Gold Park Diorite yield ages of ~1400 Ma 
while those of the cross-cutting pegmatite veins yield ages of 
~166 Ma. The relatively narrow range of ages and uniform 
Th/U ratios of zircons from the Pinto Gneiss suggest an 
igneous protolith. The similarity in ages between the monazite, 
xenotime and zircon along with the relict igneous zoning in the 
phosphate minerals indicates that REE-mineralization in the 
Pinto Gneiss occurred during crystallization of the igneous 
protolith. Pegmatite genesis at ~166 Ma post-dates the main 
phase of REE-mineralization but may be related to fluid-
assisted alteration of the ore body. 
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The only definitive tracer of mantle-derived volatiles is 

helium due to its rare isotope, 3He, which is primordial and 
stored in Earth’s mantle. Thus mantle 3He/4He ratios are much 
higher than crustal values which are dominated by radiogenic 
4He. Variations in 3He/4He can reveal changes in the balance of 
mantle to crustal He, and be premonitory to seismic unrest [1] 
and volcanic activity [2]. To date, however, He isotope 
measurements have been the preserve of the laboratory due to 
severe analytical constraints. A prototype instrument for 
measurements of He isotopes remotely and in near real-time 
has been designed. The instrument is capable of attended or 
autonomous operation, with internal recording and real-time 
communication from remote sites. He (and H) isotopes are 
accumulated into an ultra-high vacuum (UHV) through a 
heated quartz glass window of optimized wall thickness and 
surface area. Automated or manually controlled exposure to 
ion pumps is used to clean the UHV before/after analysis. 
Using a bench-top prototype with a conventional quartz glass 
window, we demonstrate 4 orders of magnitude of He 
accumulation from lab air (5 ppm). Here, we report on 
progress on resolving and/or correcting 3He from interfering 
peaks at mass 3 and linearity characteristics of collectors over 
many orders of magnitude variation in ion beam intensity. 
 
[1] Italiano et al (2001) GRL 28,	   839–842 [2] Sano et al 
(1984) Science	  224,	  150-‐151	  
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The extant genus, Astarte, exhibits decreasing size through 

geologic time. It is an ideal candidate for studying changes in 
longevity through time because of its wide temporal and 
spatial distribution, ranging back to the Oligocene and today 
extending from the Arctic to the Caribbean. Our overall goal is 
to determine whether the observed change in size is 
accompanied with a change in longevity. To achieve this goal, 
we first established a methodology to identify annual 
increments in shell growth and estimate age using Pliocene 
shells from the Mid Atlantic Coastal Plain, USA. Annual 
growth increments were identified using sclerochronologic 
analysis and ontogenetic changes were evaluated using von 
Bertalanffy growth equations. Preliminary oxygen isotope 
analysis were used to evaluate seasonal growth patterns. 
Previous studies have shown that modern species of Astarte 
live for about 20 years. Future work will determine if growth 
rates and longevity are similar throughout the genus and 
whether changes in climate and/or water depth plays a role in 
shell growth and longevity. 
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Seismic tomography reveals the presence of two large, low 

shear velocity provinces (LLSVPs) in the lowermost mantle 
beneath Africa and the Pacific. Additional seismic studies 
provide evidence that these regions are compositionally-
distinct from the surrounding, background mantle. The 
LLSVPs are hypothesized to be caused by ancient, more-
primitive reservoirs that formed early in Earth’s history. If so, 
it is important to discover how these long-lived reservoirs 
interact with subducted oceanic crust throughout geologic time 
because this process has fundamental implications for our 
understanding of geochemical evolution, mantle plume 
chemistry, and small-scale mantle structure. We have 
performed geodynamical calculations that include reservoirs of 
more-primitive material and subducted oceanic crust. We find 
that subducted oceanic crust takes multiple pathways in the 
mantle. It is either (a) viscously stirred into the background 
mantle (forming a marble-cake texture), (b) advected directly 
into mantle plumes, or (c) flushed into long-lived 
compositional reservoirs along their tops. Within the 
compositional reservoirs, oceanic crust is stretched and stirred 
to produce considerable spatial heterogeneity, possibly 
explaining the seismic heterogeneity observed within LLSVP 
regions. Furthermore, some of this older oceanic crust is 
entrained back out of the reservoirs into mantle plumes. These 
experiments predict that mantle plumes should, at a minimum, 
contain the following: (a) background mantle (MORB source), 
(b) relatively young oceanic crust, (c) more-primitive material, 
and (d) much older, more-evolved oceanic crust. Finally, we 
investigate how compositional reservoir material is entrained 
into mantle plumes, producing a temporal and spatial 
variability of more-primitive material that is expected to melt 
at hotspots to produce ocean island basalts (OIBs). 

 



 Goldschmidt2014 Abstracts  
 

 

1660 

1660 

X-ray fluorescence analysis of major 
and trace-elements in Ukrainian 

uranium ores 
A. MEDVEDIEV1, D. BURDEJNIY1, S. VANZHA1,  

D. KUTNII1, K. KNIGHT2 AND T. KAYZAR2 
1NSC “Kharkiv Institute of Physics & Technology”, 

Akademichna str. 1, UA-61108, Kharkiv, Ukraine 
2Lawrence Livermore National Laboratory, Livermore, USA 
 

The determination of the uranium concentration in ores, as 
well as the concentrations of other major and trace-elements, is 
particularly important for Ukraine – one of the top ten world 
producers of uranium ore. X-ray fluorescence spectrometers 
are cost-effective, and widely used to perform direct, rapid and 
non-destructive measurements of the content of major and 
trace elements in various materials. While modern XRF 
instruments are equipped with systems that allow one to take 
into account effects of inter-element interferences, there 
remains a need to optimize XRF analysis techniques for 
measurements of geologic materials with ore-grade uranium 
concentrations. 

We report results from analysis of the elemental 
composition of Ukrainian uranium silicate ores using a Bruker 
S8 TIGER WDXRF spectrometer. Two types of samples were 
investigated: four State standard samples of uranium ore with 
known uranium concentrations from 0.047 to 0.768 % by 
weight, and four samples of uranium ore taken from 
Kirovograd ore deposit (Ukraine). We determined the major 
element oxide (SiO2, Al2O3, Na2O, CaO, Fe2O3, MgO) and 
trace element oxides (K2O, MnO, P2O5, SO3, TiO2, U3O8) 
concentrations in these materials. 

Initial concentrations in the standard uranium ore samples 
were determined using the code Eval2 and spectral results of 
sample measurements interpreted by QUANT-EXPRESS 
(Bruker). Using the standard samples and Spectraplus software, 
we established calibration curves to correct for the 
concentration dependence of major and trace element oxide 
intensities. For the major element oxides with concentrations 
greater than 15% by weight, the maximum relative error of 
measurement (calculated as 1σ) does not exceed 2%. For the 
trace element oxides, the maximum relative error was 20%. 
The concentration of uranium was determined with an 
maximum relative error 10%. Differences between the 
measurement results for loose powder samples and samples in 
the form of pressed pellets were also evaluated. Using optical 
microscopy was shown that in all samples, the size of the bulk 
of particles was 80 to 140 µm. We will discuss the validity of 
our results, and propose ways to reduce measurement errors. 
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In recent years there has been considerable speculation that 

low-density vapors play an important role in metal transport in 
magmatic-hydrothermal systems. A number of experiments 
have been carried out to investigate metal solubilities in the 
vapor phase and the partitioning of metal species between 
liquid/vapor/melt (reviewed in Seward et al, 2014). Metal 
solubility in vapors is a consequence of the complexation by 
ligands such as H2O, H2S, HCl; knowledge of the identity, 
stoichiometry and thermodynamic properties of metal 
complexes is thus essential for modeling the dissolution, 
transport of metals in the vapor phase and deposition. 
Solubility experiments (Migdisov et al, 2013a,b) show an 
exponential increase of species hydration as a function of 
water fugacity. 

In this study, we used ab initio Molecular Dynamics (MD) 
simulations to investigate the complexation, geometries, 
thermodynamic properties, and the nature of hydration of 
metal complexes in the vapor phase. The Density Functional 
Theory (DFT) based Car-Parrinello MD (CPMD) method 
enables us to model transition metals as well as hydrogen 
bonding around the complexes accurately. Au-Cl and Cu-Cl 
complexes over a wide range of fluid density (0.02 to 1.18 
g/cm3) were investigated, covering the full range from dense 
fluids to vapors. The simulation results confirm that changes in 
hydration contributes to the change of metal solubility in low-
density fluids, as suggested by the solubility experiments of 
Migdisov et al (2013a,b). 

 
[1] Seward, et al in Treatise on Geochemistry (Second 
Edition). (Elsevier, Oxford, 2014), pp. 29-57 [2] Migdisov and 
Williams-Jones, Geochimica et Cosmochimica Acta 104, 123 
(2013a) [3] Migdisov, et al Geochimica et Cosmochimica 
Acta, (2013b), doi: 10.1016/j.gca.2013.12.024 
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Stability of certified reference materials is an essential 

requirement for the meaningful use of certified reference 
materials for calibration and method validation purposes. For 
the estimation of the measurement uncertainty budget ISO 
Guide 35 recommends to quantify the influence of short and 
long term stability as these are integral part of the property 
value of a CRM. 

Unlike many biological materials, geological materials are 
assumed to be stable over not only years but decades. We are 
able to prove the hypothesis of long-term stability of 
geological RM by reanalyzing, compiling and comparing the 
mass fraction measurand data published in 1951, based on 
classical methods [1] for excatly the same RM G-1 and W-1 
which was originally distributed in 1950s for proficiency 
testing schemes. Methods with high precision which are able to 
differentiate degradations (gain or loss) in measurands contents 
and uncertainties caused during measurement process are 
required. In reality the precisions of the methods did improve 
since the early fifties once XRF method were preferred over 
gravimetry or titrimetry but the variance of interlaboratory 
comparisons did not greatly decrease even through 
advancement of analytical technique [2]. As no data exists that 
was produced by one lab with the same analytical technique 
since 1950, a direct study is not possible. New data derived 
from XRF and ICP-MS measurements for G-1, G-2 as well as 
W-1 and W-2 were added to gathered data to demonstrate that 
no changes in the SiO2 and Ce mass fraction has occurred over 
60 years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1]. H.W. Fairbairn, W.G. Schlecht, R.E. Stevens, W.H. 
Dennen, L.H. Ahrens and F. Chayes (1951) Bull. U. S. Geol. 
Surv, 980 71 p. [2]. T. Meisel and J.S. Kane (2011) , 
ACCREDIT QUAL ASSUR, 16 407-414 
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Diatom cell geometry and size limit CO2 availability by 
diffusion, which has been shown to be an important factor, 
together with growth rate, in controlling δ13C and εp. Large 
centric diatoms (CD) may be more sensitive to CO2 limitation 
and use a higher proportion of HCO3

- for photosynthesis at low 
[CO2]. Consequently, bulk diatom δ13C may differ from that of 
diatoms with different geometries and/or sizes, whose εp may 
depend on form/size-specific adaptations to variable 
atmospheric [CO2].  

Diatoms from sediments in the Eastern Equatorial Pacific 
(EEP) over the last ∼13 Ma were separated into pennate (PD) 
and different size fractions of centric (20-41, 41-70, 70-100 
and 100-150 µm) diatoms by microfiltration, centrifugation 
and/or settling. Diatoms were cleaned to remove clays and 
external organic matter. δ13C was measured in small samples 
(typically 500-1000 µg) using a NanoEA-IRMS and 
foraminiferal (Globigerinoides sacculifer and 
Neogloboquadrina dutertrei) δ13C values were used to 
calculate diatom εp.  

Radiolaria contamination was significant in the > 70 µm 
fraction and its δ13C values were used to correct δ13C of the 
more pure 41-70 µm CD. Different approaches to correct δ13C 
from PD, either using the corrected δ13C from 41-70 µm CD or 
δ13C from 20-41 µm CD produced similar PD trends. 

Overal, PD were found to have εp several permil higher 
than CD. Whereas εp in CD is nearly invariant, PD show a 
significant temporal evolution in εp. PD may be more sensitive 
to CO2aq variations due o their comparatively higher surface 
area to volume ratio (1.0 for PD vs. 0.3 for smallest CD 
measured). Efficient carbon concentration mechanisms may 
have already been in operation in the 41-150 µm CD by ∼13 
Ma and therefore, size does not appear to impose a primary 
control on CO2 supply for these cells.  

Since B content of diatom opal has been reported to 
potenially record the extent of active HCO3

- uptake in cultured 
diatoms, B being positively correlated with pH and active 
HCO3

- uptake [1], we present preliminary [B] in EEP fossil 
diatoms, which may give an insight into HCO3

- uptake for 
photosynthesis under variable [CO2]. 
 
[1] Mejía, Isensee, Méndez-Vicente, Pisonero, Shimizu, 
González, Monteleone & Stoll (2013), GCA 123, 322-337  
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For a big part of the planet, the majority of economic 

deposits located near the surface have been targeted. Then, 
new exploration projects must aim to discover “hidden" 
deposits for which "traditional" methods of exploration like 
stream sediments or soil geochemical prospecting are 
unfortunately less efficient. However, groundwater interacts 
extensively with these deposits in subsurface. For a limited 
number of mineralization types, several studies have 
demonstrated the existence of geochemical and isotopic tracers 
in groundwaters. 

Metals related to peraluminous granites-related deposits 
like W, Sn, Ta or Cs are crucial for the developments of some 
“green” and “high” technologies. The Beauvoir-La Bosse 
deposits of Echassières, located in the North of the Variscan 
French Massif Central belongs to at least two distinct 
metallogenic systems, a stockwork constituted by quartz-
wolframite veins, crosscut by the Beauvoir rare-elements 
granite. Moreover, in the southern watershed, Sb and Cu 
occurrences have been documented by former prospections. It 
is located on the top of a hill, and past and actual operations on 
the deposits provided good conditions for water-mineralization 
interactions.  

Waters from surrounding streams and springs located on 
and around the different deposits were collected. In order to 
investigate the hydrogeochemical signatures related to these 
deposits, we performed major, trace elements and rare-earth 
elements analyses as weel as isotopic measurement (O, D, C, 
Li, S, Zn, Cu and Sr isotopes). According to these preliminary 
results, we are able to decipher the geochemical signature of 
shallow and surface groundwater to understand water 
migration through the deposits and water-rock-interactions. 
Moreover, it is possible to distinguish several geochemical 
types that could be relied on the composition of the deposits. 
These results give thus good indications on the applicability of 
hydrogeochemical prospecting for these kinds of deposits, with 
valuable results in complex systems such as overlapping of 
several metallogenic systems 
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Examining a volcanic or plutonic system alone to identify 

geochemical and physical processes occuring in the magma 
plumbing can be limiting in the petrogenetic information that 
can be obtained. Volcanic materials preserve snapshots of 
magma reservoir processes, while plutons represent an average 
of accumulated products of various processes during prolonged 
magmatism. Investigating a tilted caldera system where 
volcanic and plutonic rocks are exposed is of great advantage 
as hypotheses can be directly tested and the system can be 
looked at as a whole. Questions we address are: 1) Are 
physically and temporally connected volcanics and plutons 
petrogenetically related? 2) Which magma processes in the 
reservoir or source are responsible for the compositional 
variation in erupted and intrusive materials? And 3) at which 
time scales and volumes do these magma processes operate? 

We are examining a tilted section in the Organ Mountains, 
NM, USA, where ~36 Ma volcanic and plutonic rocks are 
exposed. The volcanic package is composed of three major 
ignimbrites ranging from a crystal-poor, high-SiO2 rhyolite at 
the base to a crystal-rich, low-SiO2 rhyolite at the top with an 
estimated eruption volume of 500-1,000 km3. The ignimbrites 
are pre-dated by andesite lavas and post-dated by trachyte 
lavas. The main intrusion is the Organ Needle pluton (ONP) 
composed of quartz-monzonite to granodiorite at the base 
transitioning into a syenite at the top. 

Our whole rock Sr, Nd and Pb isotope data suggest that the 
source for all magmas is identical (i.e., mixture of mantle and 
Precambrian crust) and that host rock assimilation took place. 
Trace element data indicate a fractionate-cumulate relationship 
of the ignimbrites with the ONP, which agrees with rock 
textures revealing the presence of 0.5-3 km feldspar cumulates 
(syenite) at the top of the pluton. The lavas are the least 
differentiated units with no apparent plutonic equivalent 
exposed. Our present data suggest that only the voluminous 
ignimbrites originated from a fractionating, yet open system 
ONP reservoir that was likely refilled between eruptions. 
Mineral scale trace and isotope analyses and new U/Pb zircon 
geochronology and geochemistry are underway to test these 
initial conclusions, explore if we can pinpoint which magma 
processes caused the different eruption styles and from where, 
and further characterize the geochemical link between 
volcanics and plutons in the Organ Mountains caldera. 



 Goldschmidt2014 Abstracts  
 

 

1666 

1666 

The Deepwater Horizon Oil Spill: 
Response and Recovery of Coastal 

Marshes  
*IRVING A. MENDELSSOHN1, DON DEIS2,  

JOHN FLEEGER3, AIXIN HOU4 AND QIANXIN LIN1 
1Department of Oceanography and Coastal Sciences, Louisiana 

State University, Baton Rouge, LA 70803 
*correspondence: imendel@lsu.edu 

2Atlas Global, 7406 Fullerton Street, Suite 350, Jacksonville, 
FL 32256 

3Department of Biological Sciences, Louisiana State 
University, Baton Rouge, LA 70803 

4Department of Environmental Sciences, Louisiana State 
University, Baton Rouge, LA 70803 

 
The Macondo 252 oil spill resulting from the blowout of 

the Deepwater Horizon (DWH) drilling platform on April 20, 
2010 released a government-estimated 4.9 million barrels of 
crude oil into the Gulf of Mexico. Some of this oil reached 
coastal marshes within the Mississippi River Delta Ecosystem, 
which comprises almost 40% of all coastal wetlands in the 48 
conterminous United States. These wetlands are of particular 
concern because of the suite of ecologically and economically 
important services they provide, not only to the northern Gulf 
of Mexico, but also to the nation. For more than 3 years, we 
have assessed oil impacts to coastal salt marshes and their 
subsequent recovery of ecological structure and function. In 
the salt marshes of northern Barataria Bay, one of the most 
heavily oiled regions, we established replicated field stations 
that received heavy, moderate and no oiling. Total petroleum 
hydrocarbon (TPH) concentrations were significantly higher in 
heavily oiled marshes initially and decreased with time for 
both heavily and moderately oiled marshes. Dominant marsh 
plant species in moderately oiled marshes recovered two years 
after the oil impact. However, plant recovery was muted in 
heavily oiled marshes three years after the spill. Soil shear 
strength was significantly weaker in the heavily oiled marshes 
than in reference marshes. Bacterial communities were 
significantly altered by the petroleum contamination; however, 
bacterial communities recovered with time, with a faster speed 
of recovery in moderately oiled sites. Relative to infauna, 
heavy oiling strongly reduced meiofaunal species diversity and 
density in samples taken 18 months after the Deepwater 
Horizon oil spill. However, moderately oiled sites recovered 
quickly. The size of the macro-invertebrate snail, Littoraria 
irrorata, was smaller in heavily oiled marshes compared to 
reference and moderately oiled marshes. Further study on the 
long-term recovery and sustainability of DWH oil spill 
impacted marshes is underway. 
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Most of the oil fields in Qaidam basin were discovered in 

the western area. Three typical oil fields (Hongliuquan, 
Gasikule and Yingdong) are taken as examples to study their 
hydrocarbon charge history. This paper presents an integrated 
fluid inclusion study using fluid inclusion petrography, 
fluorescence spectroscopy, Quantitative Grain Fluorescence 
(QGF), Total Scanning Fluorescence (TSF), and FT-IR 
spectroscopy and microthermometry to investigate 
hydrocarbon charge history of three oil fields. 

Three types of hydrocarbon inclusions are identified in the 
study area: namely (1) yellow fluorescencing oil inclusions, (2) 
blue fluorescencing oil inclusions and (3) gas inclusions, 
representing two episodes of oil charges and one gas charge 
possibly related to readjustment of the associated gases down 
dip. The first episode of oil charge is represented by the 
predominantly yellow fluorescencing oil inclusions trapped 
prior to the quartz overgrowth, whereas the second episode is 
marked by the blue fluorescencing fluid inclusions occurred 
after the precipitation of dolomite. Microthermometric data 
indicate that the two fluid inclusion assemblages have different 
homogenisation temperatures (Th), corresponding to oil charge 
around 25 Ma and 10 Ma, respectively for the Gasikule and 
Hongliuquan oilfields, 10 Ma and 5 Ma, respectively for the 
Yingdong oilfield. On the basis of Quantitative Grain 
Fluorescence (QGF) and QGF on extract (QGF-E) and 
petroleum inclusion analyses, the palaeo oil/water contact was 
below the present oil/water contact in Hongliuquan and 
Gasikule oil fields, which demonstrate that early charged oil 
remigrated and formed present oil pools.  
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Altyn Tagh thrust belt is an important exploration field of 
Qaidam basin. However, breakthough had been achieved in 
Dongping and Niudong area where tight oil and gas was 
discovered until recent years. In this paper, the geochemical 
characteristics of hydrocarbon and oil and gas source 
correlation is studied using gas chromatography mass 
spectrography (GC-MS), C isotope, natural gas component and 
total scanning fluorescence (TSF) analyses on oil and gas 
samples from study area. 

The natural gas component and C isotope data reveals that 
the gas of Dongping and Niudong area are both closely related 
to the Jurassic source rock of northern Qaidam basin, where 
Jurassic source rock is well developed and in high maturity. 
However the oil from these two areas is quite different. The 
geochemical characteristics of oil sample from Dongping area 
is in low maturity and Pr/Ph is about 1, which reflects that the 
source rock is from Paleogene saline lacustrine sedimentation 
of western Qaidam basin. But geochemical characteristics of 
oil sample from Niudong area is in high maturity and Pr/Ph is 
>3, which reflects that source rock is from Jurassic palustrine 
sedimentation of northern Qaidam basin. The identification of 
source rock in Dongping and Niudong area is of great 
significance to prospect the potential of hydrocarbon 
exploration in Altyn Tagh thrust belt. 
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Aerosol particles are ubiquitous in the atmosphere and 

influence the Earth’s climate through interaction with radiation 
and clouds. A specific type of aerosol particles are soot 
particles, which are emitted from any kind of incomplete 
combustion processes. Though a large fraction originates from 
anthropogenic activities the quantitative measurement as well 
as the chemical characterization of soot is still challenging. 
Lately, the well-established Aerodyne aerosol mass 
spectrometer (AMS) was extended by a 1064 nm laser to allow 
for the evaporation and mass spectrometric analysis of soot 
particles (Soot Particle (SP-)AMS)[1]. 

In March 2013, the SP-AMS inter-comparison campaign 
(SIC) took place at ETH Zurich to investigate the inter- and 
intra-instrumental reproducibility of laboratory and ambient 
soot measurements. Besides the three SP-AMS instruments 
from Lund University, FMI Helsinki, and ETHZ a whole range 
of additional instrumentation (e.g. ATOFMS, CPMA, APM, 
SMPS, SP2, CCNC, ZINC) was deployed. Here, we focus on 
the results obtained from the analysis of the refractory black 
carbon (rBC) fraction of 5 laboratory generated soot samples 
(Regal Black, propane flame generated CAST brown/black, 
Palas GFG, fullerene soot a.p.) and ambient measurements 
performed at a heavily trafficked street canyon.  

We present new insights into the fragmentation pattern of 
the different rBC samples and discuss the impact of different 
parameters such as coating thickness and laser intensity. 
Furthermore, we present the direct application of our 
laboratory findings to the ambient measurements. 
 
[1] Onasch et al (2012) AS&T 46, 804-817  
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The Alpine Fault of the South Island, New Zealand marks 
the active transpressional boundary between the Australian and 
Pacific plates. It is late in its seismic cycle and capable of 
producing earthquakes of Mw ~8, providing a rare opportunity 
to document processes in a continental-scale fault zone that 
ruptures in major seismic events. Rapid uplift of ~10 mm/yr on 
the Alpine Fault has raised geothermal gradients (>60 °C/km) 
and topography, driving fluid flow. Alpine Fault Zone (AFZ) 
cataclasites are chemically altered from successive episodes of 
fluid-rock interaction, which influences fault strength, 
permeability evolution, and therefore the fault’s mechanical 
behaviour. 

We identify fluid sources, the degree of fluid-rock 
interaction, and flow paths in and around the AFZ. Secondary 
mineral δD compositions (δDH2O = -45 to -87 ‰) require that 
meteoric waters are dominant. In support of this, modern day, 
meteoric-derived warm spring waters are saturated in 
secondary minerals observed in the AFZ and calculated vein-
forming fluid trace element compositions are similar to spring 
waters. Fluids that formed vein minerals at greater crustal 
depths have more extensively exchanged trace elements and 
oxygen with host rocks. 87Sr/86Sr of hangingwall veins formed 
down to seismogenic depths show no evidence for interaction 
with highly radiogenic footwall rocks. Hydrothermal alteration 
has lowered permeability in the AFZ, creating a barrier to fluid 
flow that may promote thermal pressurisation and fault 
weakening during rupture. These findings indicate that the 
circulation of modern day meteoric waters plays an important 
role in the evolution of the AFZ by redistributing mass and 
consequently changing the material properties of the plate 
boundary. 
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Porphyry dikes and hydrothermal veins from the porphyry 
Cu-Mo deposit at Butte, Montana contain multiple generations 
of quartz that are distinct in SEM-cathodoluminescence (CL) 
images and in Ti concentrations. A comparison of microprobe 
trace element profiles and maps to SEM-CL images shows that 
the concentration of Ti in quartz correlates positively with CL 
brightness (Fig. 1) but Al, K, and Fe do not. After calibrating 
CL brightness in relation to Ti concentration, we use the 
brightness gradient between different quartz generations as a 
proxy for Ti gradients that we model to determine timescales 
of quartz formation and cooling. Model results indicate that 
timescales of porphyry magma residence are ~1000s of years 
and timescales from porphyry quartz phenocryst rim formation 
to porphyry dike injection and cooling are ~10s of years. 
Timescales for the formation and cooling of various 
generations of hydrothermal vein quartz range from 10s to 
10,000s of years. These timescales are considerably shorter 
than the ~1 Myr overall timeframe for each porphyry-style 
mineralization pulse determined from isotopic studies at Butte, 
Montana. Simple heat conduction models provide a temporal 
reference point to compare chemical diffusion timescales, and 
we find that they support short dike and vein formation 
timescales. We interpret these relatively short timescales to 
indicate that the Butte porphyry deposit formed by short-lived 
episodes of hydrofracturing, dike injection, and vein formation, 
each with discrete thermal pulses, which repeated over the ~3 
Myr lifetime of the deposit. 

 
 

Figure 1. High sensitivity microprobe trace element maps of 
CL-bright barren quartz vein that is cut by CL-dark veinlets 
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Saline groundwaters are common to inland Australia, yet 

many aspects of their hydrochemical evolution remain 
uncertain. The saline groundwaters in the alluvial aquifers of 
the Darling River have previously been found to exhibit broad 
similarity in traditional hydrochemical and isotopic tracers. By 
contrast, trace element isotopes (δ7Li, δ11B and 87Sr/86Sr) and 
halide isotopes (δ37Cl and δ81Br) provide evidence of more 
complex hydrogeochemical processes. Hydrochemical 
evolution was found to be dependent on proximity to the 
Darling River and depth even though all groundwaters from 
this aquifer were found to be saline. The differing signatures 
highlighted the discovery of a deeper palaeo-groundwater 
system containing heavier trace element and halide isotope 
values. The measurement of these isotopes has permitted 
delineation of groundwater end-members and salinization 
mechanisms that would have otherwise not been identified. 
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Accurate lead isotope determinations by LA-ICP-(Q, SF, 

MC)-MS are often limited to 208Pb/206Pb and 207Pb/206Pb 
because of the low abundance of 204Pb and isobaric 
interference by 204Hg related to the presence of Hg in the 
carrier and plasma gas, respectively. An external correction for 
mass discrimination of 204Hg-corrected 208,207,206Pb/204Pb ratios 
using reference materials such as NIST SRM 612 ([Pb] = 
38.57 µg/g) yields 204Pb ratios for materials with Pb 
concentrations <10 µg/g which are too low by several percent. 
The most plausible explanation is an undercorrection of mass 
204 caused by isobaric interferences additionally to the 204Hg 
interference revealing a negative relationship between Pb 
concentration and magnitude of undercorrection. In this study, 
measurements were performed using a NWR193 ArF excimer 
laser system coupled to an Agilent 7500ce quadrupole ICP-
MS. To determine a calibration curve for the external 
correction of 208,207,206Pb/204Pb ratios, reference glasses (NIST 
SRM 612, MPI-DING KL2-G, GOR132-G, StHs6/80-G, 
ML3B-G, ATHO-G and T1-G, and USGS GSD-1G, BIR-1G, 
and BCR-2G) were analyzed. On each material ([Pb] = 1.38–
50 µg/g) five spot analyses were performed. The correction 
factors were calculated for each reference material by dividing 
the measured ratio by its “true” ratio. The relationship between 
Pb concentration or count rate of 208Pb and correction factors 
can be described either by a power law or an exponential 
function. For unknown samples the average count rate of 208Pb 
obtained during the measurements is used to calculate the 
respective correction factor. To test the potential of this 
approach, reference materials (NIST SRM 614, USGS NKT-
1G and NIST SRM 1400; [Pb] = 2.32–9.07 µg/g) with known 
Pb isotopic composition were analyzed as unknown samples. 
Measured 208,207,206Pb/204Pb ratios of the low-Pb materials yield 
a precision of 0.5–2 % (1RSD) and correspond with published 
values considering analytical uncertainties. 208Pb/206Pb and 
207Pb/206Pb ratios agree with published high-precision TIMS 
and MC-ICP-MS data within the external precision of typically 
<0.8 % (1RSD). The presented data indicate that the described 
approach is a suitable tool for the determination of 
208,207,206Pb/204Pb related to geological or geochemical questions 
in cases where more complex high-precision TIMS or MC-
ICP-MS are not necessarily required. 
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All isotopes of solar wind Ar, Kr and Xe collected by 
Genesis Discovery Mission [1] have been recently analysed by 
8-multiplier Noblesse mass-spectrometer with permil precision 
[2] providing the starting noble gas composition of the solar 
nebula 

 
38Ar ≡ 1  132Xe ≡ 1 

36Ar = 5.5005±.0040  136Xe = .3001 ± .0006 
  134Xe = .3691 ± .0007 

84Kr ≡ 1  131Xe = .8256 ± .0012 
86Kr = .3012 ± .0004  130Xe = .1650 ± .0004 
83Kr = .2034 ± .0002  129Xe = 1.0405 ± .0010 
82Kr = .2054 ± .0002  128Xe = .0842 ± .0003 
80Kr = .0412 ± .0002  126Xe = .00416 ± .00009 
78Kr= .00642±.00005  124Xe = .00491 ± .00007 

 
and allowing us to draw the following conclusions:  
(1) Isotopic structure of contemporary solar wind noble 

gases delivered by Genesis agrees with the less precise 
composition of solar gases extracted from lunar samples [3], 
which have accumulated solar wind over millions of years, 
suggesting little temporal variability of the isotopic 
composition of heavy solar wind ions. 

(2) Q noble gases representing the second most abundant 
(after the Sun) solar system reservoir [4] can be accurately 
modelled as an isotopically fractionated solar wind with clear 
addition of HL-gases from r-, p- nucleosynthetic processes and 
less evident, but statistically significant, contribution from the 
s-process. 

(3) Mathematically derived primordial terrestrial xenon, U-
Xe [5] is equivalent to solar wind Xe, except for 136Xe and 
134Xe.  

Supported by NASA grant 12-LARS12-0020. 
 

[1] Burnett et al (2011) PNAS 108, 19147-19151 [2] Meshik et 
al (2014) GCA 127, 326-347 [3] Pepin et al (1995) GCA 59, 
4997-5022 [4] Busemann et al (2000) Meteorit. Planet. Sci. 
33, 949-973 [5] Pepin (2000) Space Sci. Rev. 92, 371-395 
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The medium grade Cachimbo Shear Zone from 

Transbrasiliano Lineament at Tocantins state, Brazil provides 
important insights into the link between hydrothermal 
alteration, deformation and gold deposit formation at higher 
temperatures. There are important and extensive studies of 
shear zones nevertheless the complexity of the limits between 
hydrothermalism and metamorphism as to form hydrothermal 
staurolite mineral has been an open problem of interest. The 
protolith rocks are metagranites of the Manduca suite of 
granulite facies. Several shear rocks are found: muscovite (mu) 
mylonite, garnet-phengite (gt-ph) phyllonites, staurolite-
paragonite (st-pr) phyllonites, ph phyllonite, graphite (gr) 
phyllonite, and qz veins. Gn-ph phyllonites is composed of qz-
alm-ch-mu/ phe-tourmaline. Garnet occurs as trails of 
porphyroblasts marking the mylonitic foliation in pressure 
shadow composed of ch, mu and calcite (cc). St –paragonite 
(pr) phyllonites have an assemblage of qz- st-ch-pr-tr ±cc. 
Hydrothermal st (ferric type) occurs as 5cm long 
porphyroblasts parallel or cross-cutting the mylonitic foliation. 
Pressure shadow is composed of ch, mu, chpy and sph, and py 
veinlets mark the grain boundary. Garnet and tourmaline are 
common inclusions and usually mark the mylonitic foliation. 
The ph phyllonite developed a simpler assemblage of ch-ph-
py-chpy. Gr phyllonite, which marks the potential mineralized 
zone, hosts a complex quartz vein system with the assemblage 
of gr±py±chpy±gold. Enclosing some discussions, tourmaline 
inclusions in staurolite characterize the porphyroblasts as syn 
to post kinematic to the phyllonite formation. Garnet and 
staurolitr indicate amphibolite facies conditions in the 
staurolite zone (between 500º e 550ºC and minimal P of 3kbar) 
for the hydrothermal- metamorphism. High crystallinity of 
graphite is similar to the spectrum of amphibolite facies, 
staurolite zone conditions. The paragenesis gr-qz seems to 
demonstrate the persistence of hydrothermal- metamorphic 
conditions during the CSZ evolution. The oxygen fugacity for 
the gr formation is low, 10-24

 to 10-22 , and indicates a reduced 
environment for gold precipitation.  
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The export of organic matter from the surface ocean and its 

respiration at depth creates gradients in nutrient and oxygen 
availability that influence the structure and distribution of 
marine ecosystems. Today the strength of the biological pump 
is strongly influenced by mineral-ballasted phytoplankton. In 
Earth’s past, however, mineralized phytoplankton were less 
common and, consequently, the biological pump was likely 
weaker. Here we use the GENIE model to quantitatively 
explore the impact of a changing biological pump on marine 
oxygen distribution and ecosystem structure. We find that 
under a weaker biological pump the position of the oxygen 
minimum zone shallows and anoxia is more prevalent near the 
surface, reducing oxygen availability to benthic ecosystems in 
shelf environments. Increasing the strength of the biological 
pump causes anoxia in the deep ocean but increases oxygen 
concentrations on the shelves where most marine animal 
ecosystems are found. The model results further suggest that 
the Phanerozoic trend toward better oxygenated oceans is a 
consequence of phytoplankton evolution and that it may reflect 
a reduction in ocean nutrient concentrations. Thus, we 
hypothesize that the Phanerozoic trend toward greater animal 
abundance and metabolic demand was driven more by 
increased oxygen availability than by greater food. In fact, a 
reduction in productivity may have been required to generate 
sufficient oxygen availability in the shallow oceans to make 
the oceans more habitable for animals.  
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Ophiolite studies predict that fast spread, gabbroic, 
lowermost oceanic crust should consist of layered igneous 
cumulates. As a result, igneous layering formation processes 
must play an important role during the accretion of fast spread 
ocean crust at mid-ocean ridges. Given the complexity of 
igneous layering described from mafic intrusions, direct 
observations of rocks sampled at actual spreading centers are 
critical. IODP Exp. 345 to the Hess Deep Rift, provides the 
ocean science community with the first significant in-situ 
sections of primitive, layered lower-crustal rocks from fast 
spread crust (Gillis et al, 2014). We present here mineralogical, 
chemical, and crystallographic data from a high resolution 
transect across the well-developed layered series in Hole 
U1415 I. This series shows simple, centimetre to decimetre 
modal and/or grainsized layering. Lithologies include 
troctolite, olivine gabbro and olivine gabbronorite. Mineral 
chemical variations do not correlate with the cm-lengthscale of 
the spectacular modal variations within the studied core. 
Olivine, ortho- and clinopyroxene Mg#’s show a subtle metre 
scale variation, but plagioclase anorthite content is constant 
with depth. The trace element geochemistry reveals rather 
homogeneous plagioclase and orthopyroxene compositions but 
stronger variation in clinopyroxene at the mineral and/or thin 
section scale, including zoning. The lack of correlation 
between the modal layering and the variation in downhole 
phase chemistry challenges a pure fractional crystallization 
model for the layered series at Hess Deep and together with the 
other data suggests a more complicated model that includes 
interstial melt migration and crystal – melt interaction after 
crystal accumulation. Plagioclase crystallograpic preferred 
orientations (CPO) over the single 4.5 m long core are very 
variable ranging from a strong crystallographic foliation with 
no lineation (upper troctolites), to a distinct lineation but no 
foliation (gabbros), to no significant CPO at all (lowermost 
gabbros). Some of these fabrics indicate in-situ 
growth/accumulation and are similar to those found in mafic 
layered intrusions. 
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Recently, an entirely novel type of microbial metabolism 

has been described from marine sediments, whereby 
filamentous bacteria are transporting electrons over centimeter-
scale distances. By establishing such electrical circuitry, these 
micro-organisms are able to exploit spatially segregated pools 
of electron acceptors and donors, equipping them with a 
competitive advantage. First observed in laboratory 
experiments, we show that this electrogenic form of sulfide 
oxidation also occurs naturally in the seafloor. We observed 
the geochemical fingerprint of electrogenic sulphur oxidation 
at three coastal sites in the North Sea area: a subtidal mud 
deposit, a salt marsh site and seasonal hypoxic basin. A 
detailed study at the seasonal hypoxic site (Grevelingen, The 
Netherlands) reveals that electrogenic sulphur oxidation 
strongly dominates the sediment geochemistry during winter 
months. In particular, the process ensures a deep oxidation of 
sulphide, which prevents the ventilation of free sulphide to the 
overlying water column during the anoxic summer months. In 
addition, the rapid development of the electrical biofilm in late 
autumn engenders a rapid “detoxification” of the surface 
sediment, thus potentially promoting recolonization by 
infauna. Overall, our field observations suggest that 
electrogenic sulphur oxidation can strongly affect the water 
quality, biogeochemical cycling and ecosystem functioning in 
coastal systems. 
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The temperature of the subducted oceanic slab has been 

proposed to exert a major influence on the REE and Th content 
of subduction zone magmas via partitioning between slab 
fluids and stable, REE-rich phases like allanite [1,2]. We show 
that REE and Th in Tonga arc and back-arc lavas are also 
closely related to the composition of the slab that is being 
subducted. Valu Fa Ridge (VFR) and seamount lavas show 
spikes in Th8.0, Th/La, Th/Ba and La/Sm at locations that are in 
line with the subducted Louisville Seamount Chain (LSC): at 
22.7°S and 22.9°S respectively, while Tonga arc has elevated 
values near Ata island (22.34°S). The REE and Th enrichments 
are correlated with Pb, Sr and Nd isotopic variations that trend 
towards a LSC influence. (We differ from suggestions [3] that 
the enrichment around Ata I. is a local enrichment of the 
mantle wedge. The lack of Nb enrich-ment shows this is not 
the case). The spikes in Th and REE, and the change in Th/La 
and Th/Ba of subduction-related lavas is similar in magnitude 
to the along-trench changes in the composition of subducting 
altered oceanic crust (AOC), due to LSC [4,5]. The strong 
signal of LSC in VFR and Tonga arc indicates that Th and 
REE in slab fluids were not entirely modulated by temperature 
via allanite, and that AOC composition was also very 
influential. If slab geotherm-ometers using REE in lavas [2] 
are valid, the additional REE from LSC could result in 
overestimates of 50°C or more. The AOC-lava correlation also 
means that higher Th, Th/Ba etc. in lavas are not entirely 
reliable indicators of deep vs. shallow fluid input [6] or a 
sediment component. Also, significant Th may be mobilized 
by fluids from cold slabs. 

 
[1] Klimm et al 2008 J.Petrol, 49. [2] Plank et al 2009 Nature 
Geosci doi:10.1038/NGEO614. [3] Timm et al 2013 
Nat.Comms. DOI: 10.1038/ncomms2702. [4] Castillo et al 
2009 Lithos 112. [5] Beier et al 2011 G-cubed 12. [6] Pearce et 
al 2005 G-cubed 6. 
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The transformation of dissolved species into solids is 

perhaps the least understood process in the formation of 
minerals and other condensed phases. This is particularly true 
of nanominerals; a class of natural and synthetic materials that 
consist of particles with dimensions that are less than several 
tens of nanometers. Well-known examples include ferrihydrite 
and schwertmannite, as well as many aluminum and 
manganese-(oxyhydr)oxides and clays. Nanominerals are 
precipitating continuously by a number of different 
(bio)geochemical processes occurring in Earth’s near-surface 
aqueous environments. They also play important roles in the 
cycling of nutrients and contaminants, including radionuclides, 
in the environment due to their high surface area, high 
reactivity, and susceptibility to transformation/dissolution 
(metastability). We have been using schwertmannite, a ferric 
hydroxysulfate, as a model system for understanding the 
formation steps of a nanomineral. This talk will include our 
recent experimental results on schwertmannite formation from 
the application of synchrotron total scattering and various 
laboratory methods. These results suggest a new pathway for 
schwertmannite formation that involves assembly during 
aggregation of ferric (oxyhydroxy-)sulphate growth units that 
are approximately 1.5 nanometers in size. This pathway may 
have important implications for understanding the occurrence 
and reactivity of natural schwertmannite, as well as the 
formation of other nanominerals in environmental systems.  
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In oxygen poor regions of the modern ocean, fixed 
nitrogen is lost as N2 through heterotrophic and sulfide 
dependent denitrification and anammox. The low oxygen 
conditions of the Precambrian, then, may have exacerbated 
fixed N-loss, possibly limiting global biological production 
[1]. Unlike the modern oceans, where denitrification is linked 
to the sulphur cycle, Precambrian seas were generally 
ferruginous (iron-rich and anoxic), and the S-cycle was likely 
restricted in magnitude compared to today—the Fe cycle 
would have dominated. Though Fe-dependent N cycling has 
been demonstrated in laboratory cultures [2], its ecological 
significance remained untested in modern ferruginous basins. 
N cycling in Kabuno Bay, a ferruginous freshwater basin 
situated in East Africa, is characterized by high rates of 
denitrification and dissimilatory nitrate reduction to 
ammonium (DNRA), whereas anammox, if present, operates 
below our detection limits. DNRA indeed constitutes up to 33 
% of the total NO3

- reduction, indicating extensive fixed N 
recycling. The addition of Fe(II) enhances rates of both 
denitrification and DNRA, implicating Fe(II) as an electron 
donor in both pathways. Together, denitrification and DNRA 
limit the accumulation of NO3

- and NO2
- in Kabuno Bay to 

sub-micromolar concentrations. Our results suggest that 
ferruginous chemoclines support intensive NO3

- reduction, but 
that much of this reduction leads to N retention as NH4

+ rather 
than loss as N2. This implies that Fe-dependent N-recycling 
may have played a role in regulating the nutrient status of the 
Precambrian oceans. 
 
[1] Canfield et al (2010) Science 330, 192-196 [2] Weber et al 
(2006) Nat Rev Microbiol 4, 752-764 
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The free energy yield of microbial metabolisms is a first 

order determinant of niche partitioning. This is particularly 
relevant for the N-cycle where two competing pathways in 
nitrate metabolims have very different biogeochmical 
outcomes. Denitrification, yeilds N2, and leads to a loss of 
fixed nitrogen from the environment back to the atmosphere. 
On the other hand, dissimilatory nitrate reduction to 
ammonium (DNRA) short-circuits the N-cycle converting 
nitrate back to ammonium—this leads to fixed nitrogen 
retention. 

We compared the energetics of nitrate reduction via 
DNRA and denitrification driven by a suite of organic and 
inorganic electron donors (ED). We varied the N-content of 
organic matter from Redfield ratios (C:N=16) and found that 
independent of the nitrogen content of the organic ED, DNRA 
is energetically more favourable, per nitrogen reduced, than 
denitrification [1]. In stark contrast, denitrification with 
inorganic ED is more energetic, per N reduced, than DNRA. 
DNRA may thus be expected to dominate in environments 
where organic electron donors are in abundant supply, whereas 
denitrification might be expected where inorganic electron 
donors abound. This is in line with recent results documenting 
the importance of sulfide dependent denitrifiers in low oxygen 
marine waters [2]. 

 

[1] LaRowe and Van Cappellen (2011), Geochimica Et 
Cosmochimica Acta 75, 2030-2042 [2] Canfield et al (2010), 
Science 330, 1375-1378 
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Crystal fractionation is one of the major processes 

affecting the composition of magmas. Investigations in 
lamproitic magmatism are important for understanding the 
geochemically anomalous reservoirs in mantle. Gaussberg 
leucitites are the rocks with unusual petrologic composition 
(K2O>Al2O3; high SiO2 content at given MgO) implying non-
uniform melting source [1, 2]. Mineral assemblage is 60% Lct, 
30% Ol, 10% Cpx. Trace element patterns of Gaussberg 
quenched glass samples have extreme enriched character. 
Maxima on Ba, La, Pb and Zr-Hf maxima are typical features 
of continental lithosphere [1]. 

In this study we report the Gaussberg mineral collection 
[3]. Two types of Cpx phenocrysts were detected in 
Gaussberg: (1) high TiO2, low Al2O3 group and (2) low TiO2, 
high Al2O3 group. Detailed electron probe microanalysis 
(ISTerre Université J. Fourier-CNRS, Grenoble, France) 
revealed the inverted zone character of Cpx grains – the core is 
enriched in FeO and depleted in Al2O3 while the rim is 
enriched in Al2O3 and depleted in FeO. Obviously Cpx 
imprinted the mix of two different melts. These melts can 
indicate the two stages of crystallization in Gaussberg 
magmatic system.  

Leucite is the most abundant phenocryst in Gaussberg 
lavas. Leucite fractionation is restricted in near surface magma 
chambers. Gauss leucites are enriched in Na2O (0,1-0,28 wt%) 
and depleted in K2O (20,7-20,2 wt%) and FeO (0,7-1,2 wt%) 
compared to the leucites from another lamproite provinces. 

Gaussberg olivine is high magnesium (up to Fo93). 
Coefficients of olivine/liquid distribution were calculated 
based on new high precision data on minor elements (Li, Al, 
Ca, Cu, Zn, Si, Sc, Ti, V, Cr, Mn, Co, Ni, Ga, Ge, Sr, Y, Zr, 
Mo, Ce, Nd, Gd, Dy, Er, Yb) in olivine and corresponding 
quenched glasses (GEOMAR Helmholtz Centre for Ocean 
Research, Kiel, Germany). Determined coefficients KD

Ol/Liq are 
the larger for Ni (73) > Co (5) > Mn (1,2) > Zn (0,8) > Li (0,5) 
> Cu (0,02) and other non compatible lithophile elements. 
Gaussberg olivine has high Ni/Co ratios (20-40) implying the 
melting under the thickened lithosphere [4]. These results 
make a contribution to lamproite’s database expanding the data 
for weakly studied (due to their rarity) leucitite rocks. 
 
[1] Murphy D.T. (2002) J. Petrol. 43. №6. P. 981-1001 [2] 
Foley S. F. (2004) Lithos. 75. P. 19-38 [3] Vyalov O.S. (1959) 
International Geology Review. № 1 (7). P. 30-40 [4] Sobolev 
A.V. (2007) Science. № 316 (5823). P. 412-417 
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Big Bend National Park (BBNP) and adjacent areas 
contain a variety of intrusive rock types. One of the major 
setbacks of trying to date these intrusions by 40Ar/39Ar 
geochronology is the lack of unaltered K-bearing mineral 
phases. In most cases K-feldspar is the only phase present. 
Crystallization ages for many of the dated intrusions in BBNP 
yield younger discordant 40Ar/39Ar K-feldspar ages compared 
to their corresponding U-Pb zircon ages for the same intrusion; 
up to 10 m.y. younger for the older gabbros and 1 m.y. for the 
younger gabbros and syenites. These discrepancies in ages are 
most likely due to later stage thermal overprints from younger 
intrusions or hydrothermal fluids. However, several of the 
youngest intrusions contain areas within the intrusive bodies 
that are more felsic in composition, either as a result of crystal 
fractionation and/or melt segregation. Peña Mountain, located 
in western BBNP, is a geographically small intrusion at the 
surface, contains localized vapor-phase minerals within 
vesicles and in large cavities within the lighter colored units 
(syenodiorites). One of these larger cavities contains numerous 
vapor-phase minerals: sanidine, biotite, amphibole, pyroxene 
(cpx), plagioclase, quartz, apatite, illmenite, magnetite, 
chlorite, zeolite (natrolite?), zircon, and possibly others. 
Sanidine from this location yielded a 40Ar/39Ar age of 28.77 
± 0.08 Ma [1], which is similar to biotite ages from a 
geochemically similar intrusion (non-vapor phase) at 
Rattlesnake Mountain to the north. This study aims to date 
several of the other mineral phases such as biotite, amphibole, 
pyroxene, and plagioclase from this same vapor-phase unit 
from Peña Mountain to determine if their ages are coeval to the 
sanidine age of 28.77 Ma. Electron microprobe analyses for 
these phases show K2O contents (weight percent) of the 9.8% 
for biotite, 0-1.0 % for amphibole, 0.02–0.10 % for pyroxene, 
and 0.5–1.0 % for plagioclase. With these ages we hope to 
establish the timing of the last crystallization event for this 
intrusion and to show that all of the phases crystallized at the 
same time. 

 
[1] Turner et al (2011), USGS Sci. Inv. Map 3142 
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The presence of light elements in complex hydrous 

silicates with more than one crystallographically distinguished 
non-tetrahedral positions hinders the proper application of 
electron microprobe (EMP) analysis for chemical analysis and 
calls for alternative analytical methods to determine the 
occupation of various crystallographic positions. The potential 
of Raman spectroscopy (RS) to be used for such purposes has 
been explored by combined EMP and RS analyses of two 
mineral supergroups: tourmalines and amphiboles, which are 
of great importance not only for geosciences as "geological 
DVDs" but also for materials and environmental science. Our 
first results indicate that the chemistry on the non-tetrahedral 
positions substantially influences the H-O bond stretching and 
the SiO4-ring-breathing modes, which both produce strong 
easy-to-be-detected Raman scattering. 

Fig.1. Raman spectra of tourmaline and amphibole species 
with chemical compositions close to the corresponding end 
members.  
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Community structure and metabolic function in subglacial 

environments are strongly influenced by the interfaces between 
ice, subglacial water, basal sediments, and bedrock. Here we 
present evidence for the importance of S and Fe driven 
chemosynthesis from two distinct Antarctic subglacial 
environments. Blood Falls (BF) is a hypersaline, Antarctic 
subglacial brine. Previous work using isotope geochemistry 
and molecular analysis of functional genes from BF suggested 
that a catalytic sulfur cycle was linked to Fe reduction. Recent 
metagenomic analysis confirms the presence of numerous 
genes involved in oxidative and reductive S transformations 
including genes that code for pyridine nucleotide disulfide 
oxidoreductase (DsrE-like), which transfers electrons from H2S 
to Fe(III). These genomic data support linked S and Fe cycles 
in the subglacial environment and provide a possible biological 
mechanism for the re-oxidation of S. Cultured representatives 
of organisms involved in many of the above-described S and 
Fe transformations are known chemolithoautotrophs. The 
metagenomic data analyzed from Blood Falls samples show 
the occurrence of diverse pathways for dark CO2 fixation 
pathways including novel genes encoding for RuBisCo, a key 
enzyme in the Calvin Benson Basham cycle, the reductive 
acetyl CoA pathway and reductive tricarboxylate cycle. These 
results will be discussed in light of recent analyses of samples 
collected from Subglacial Lake Whillans, which was recently 
sampled as part of the WISSARD Project. Subglacial 
environments provide important insight into the function of the 
cryosphere and allow for the development of relevant tools for 
geomicrobiological exploration of other subglacial 
environments on Earth as well as icy extraterrestrial targets. 
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The application of geochronologic methods to common 

weathering reaction minerals such as oxyhydroxides has 
shown the episodic nature of weathering profile development 
[1]. Deep lateritic weathering profiles have particularly 
protracted histories that have been found to create some of the 
most stable landscapes on Earth [1,2]. Goethite cements from 
highly developed weathering profiles in the Carajas region of 
Brazil and Hamersley Province, Australia were measured for 
their δ18O value in addition to obtaining ages by the (U-Th)/He 
method. Little exploration of weathering profile minerals by 
this combination of methods has been done. 

Oxygen isotopes from 34 grains of goethite from 24 
samples from 5 localities were measured by the laser 
fluorination method. The δ18OVSMOW value of goethites from 
weathering profiles at Roy Hill, Lynn Peak and Yandi in 
Australia and Igarape Bahia in Brazil range from -2.5‰ to 
1.5‰. However, the δ18OVSMOW value of goethite samples from 
the weathering profile at Brockman in Australia ranges from 
11.3‰ to 11.9‰. This result is higher than any other reported 
oxygen isotope value for weathering profile goethite. (U-
Th)/He dates of 15 grains from 4 samples in one hand 
specimen collected at Brockman yield precipitation ages 
ranging from 10.5 ± 0.6 Ma to 6.0 ± 0.4 Ma. The weathering 
profile at Yandi shows a very similar distribution of ages but 
without the distinctly heavy δ18O values.  

We hypothesize that the weathering profile at Brockman 
developed in environment where evaporation of surfice or soil 
waters led to heavy oxygen isotope enrichment; we will test 
this possibility using hydrogen isotope measurements. In 
addition to understanding the weathering profile history at 
Brockman, the combination of (U-Th)/He geochronology and 
δ18O measurements on goethite cement offers access to a 
wealth of paleoclimate and paleoenvironmental information. 
The ubiquity of well presered weathering profiles on Earth 
makes this a particularly attractive pair of methods. 
 
[1] Vasconcelos, Goldschmidt Abstract 2013, p2401 [2] 
Shuster, D. L. et al (2012) EPSL, 329-330 (2012) p41–50 
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The normally-zoned, Late Cretaceous Sierran Crest 
intrusive complexes (Tuolumne, John Muir, Whitney, Sonora) 
of the Sierra Nevada batholith form the last volumetrically 
significant pulse of batholithic magmatism. Previous high-
precision U/Pb zircon dating on some of these intrusions 
(particularly Tuolumne) has shown that they were constructed 
over several million years. In addition, they are all 
characterized by distinctive and somewhat enigmatic, K-
feldspar megacryst-bearing granodiorites/granites (e.g. 
Cathedral Peak, Mono Creek, Whitney, Topaz Lake) that 
comprise the inner units of the complexes, and which are 
characterized by abundant ‘antecrystic’ (recycled) zircon. 

Zircon trace element data from the intrusive complexes 
shows that the chemical environment in which zircon 
crystallized during their growth and consolidation changed 
dramatically between the outer, more mafic, marginal units and 
the inner, megacryst-bearing units. Zircon saturation 
temperatures (Tzrc,sat) are similar and low (ca. 700°C) for most 
of the units among all of the intrusions, but Ti-in-zircon model 
temperatures (Tzrn,Ti) contrast strongly between outer marginal 
units and the inner megacryst-bearing units. In marked contrast 
to the more mafic outer units, zircons from the inner 
megacryst-bearing intrusions are characterized by low Tzrn,Ti, 
(at or near the wet granite solidus) high Yb/Gd, low Th/U, high 
and very similar Hf, and high Eu/Eu*. In addition, Tzrn,Ti values 
are similar to Tzrc,sat for the megacrystic units but for the 
marginal units Tzrn,Ti values are >> Tzrc,sat. 

The offset between Tzrn,Ti and Tzrc,sat for the outer marginal 
units likely indicates that the magmas were strongly zircon 
undersaturated initially and formed at high temperatures 
(typical of amphibole dehydration). In contrast, zircon from the 
inner, megacrystic units crystallized predominantly at low 
temperature (Tzrn,Ti ≈ Tzrc,sat) under conditions of high fO2, and 
in equilibrium with titanite, which exerts particularly strong 
control on the the MREEs (high Yb/Gd). If the low Tzrn,Ti 
values for the megacrystic units are indicative of anatectic 
conditions for the magmas that formed these intrusions (Tzrn,Ti 
≈ Tzrc,sat) then there was a profound arc-scale shift in magma 
generation conditions that accompanied the end-stage of the 
batholith to much cooler (and more water-rich?) conditions. 
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The Rumuruti chondrites are a group of highly oxidized [1, 

2], highly sulfidized [3, 4] meteorites with enhanced Δ17O 
values [5]. These meteorites provide a record of a region rich 
in volatiles. Determining the conditions for formation of these 
meteorites will therefore lead to greater understanding of the 
distribution of volatiles in the early Solar System. 

Previous measurements of the bulk composition of the R 
chondrites indicate that they are chemically similar to the 
ordinary chondrites [5, 6], with some key differences. 
Refractory lithophile elements Al, Ca, Sc, and V are 
intermediate between the carbonaceous and ordinary 
chondrites in the R chondrites. Moderately volatile elements 
Mn, Na, Se, and Zn are enriched relative to the carbonaceous 
chondrites; for Mn and Na this enhancement is mirrored in the 
ordinary chondrites (~1.2-1.4 x CI for R chondrites and 
ordinary chondrites). 

We report trace elements in six R chondrites: LAP 031135, 
LAP 031156, LAP 04840, NWA 7514, PCA 91002, and PRE 
95411. Meteorites were chosen for their unweathered character 
(LAP 031135, LAP 031156) [6, 7], or unique characteristics, 
including amphibole and biotite (LAP 04840) [3], and 
chalcopyrite (NWA 7514, PCA 91002, and PRE 95411) [8]. 
Measurements include 23 elements for which no data have yet 
been reported (Li, Be, Cu, Ge, Sr, Y, Zr, Nb, Mo, Sn, Ba, Ce, 
Pr, Nd, Gd, Tb, Dy, Er, Tm, Ta, Pb, Th, and U). Data were 
collected with an Element 2 ICP-MS on solutions of 50 mg 
samples of bulk meteorites. 

Our measurements expand on previous research [5, 6], and 
provide new insight into the chemistry of these unique 
meteorites. This research will help to elucidate the diversity of 
environments present in the early Solar System.  

 
[1] Kallemeyn G. W. et al (1996) Geochim. Cosmochim. Ac. 
60, 2243–2256 [2] Righter K. and Neff K. E. (2007) Polar 
Science 1, 25-44 [3] McCanta M. C. et al (2008) Geochim. 
Cosmochim. Ac. 72, 5757-5780 [4] Jackson and Lauretta 
(2010) Meteorit. Planet. Sci. 45, A94 [5] Bischoff A. et al 
(2011) Chemie der Erde 71, 101-133 [6] Isa J. et al (2014) 
Geochim. Cosmochim. Ac. 124, 131-151 [7] Connolly H. C. et 
al (2007) Meteorit. Planet. Sci. 42, 413-466 [8] Miller K. E. et 
al (2014) 45th LPSC, #1461 
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Microbial dolomite with wide-ranging δ13C compositions 
has been reported in a number of organic carbon-rich marginal 
marine sequences. We consider the geochemical origin of 
microbial dolomites (δ13Cdol: -17 to +9‰) from a continuous 
core of the Miocene Monterey Formation from Santa Barbara-
Ventura Basin, California. The outboard setting of this basin 
had exceptionally low rates of terrigenous input throughout the 
Monterey depositional interval, whereas siliceous productivity 
increased appreciably with progressive cooling following the 
middle Miocene climatic optimum. Persistence of finely 
laminated lithofacies and lack of bioturbated intervals indicates 
that a consistent redoxocline was maintained at or very near 
the sediment-water interface. The lack of highly depleted 
δ13Cdol compositions indicative of methane-derived carbon 
(e.g., < -30‰) suggest that alkalinity was predominantly 
generated in association with sulfate reduction and that 
dolomites formed without overprinting associated with vertical 
migrations of the sulfate-methane transition. Several 
geochemical parameters (δ13C, Fe, Mn, Ba, P, Ce/Ce*) follow 
first-order basin accumulation rates despite the fact that 
dolomites occur as stratigraphically isolated horizons (>100). 
This long-term secular evolution contrasts with extreme (e.g., 
40x) variations in mass accumulation rates for Monterey 
pelagic and hemipelagic depositional modes operating over 
much shorter timescales [1]. Access to sulfate diffusion, likely 
promoted during intervals of condensed sedimentation (e.g., 
eustatic high stands), was a key control regulating dolomite 
formation. Despite dolomites forming in anoxic porewaters 
their REE distributions consistently reflect oxic or suboxic 
seawater. Dolomite forming porewaters were thus buffered by 
REEs supplied from oxic hydrogenous and biogenous 
constituents – most likely diffusing bottom waters and planktic 
biomass. Interestingly, secular δ13Cdol variation for the 
Monterey core is the polar opposite of Miocene open marine 
δ13C records. This can be reconciled as most-depleted 
dolomites forming when rates of organic carbon sequestration 
were both regionally and globally high (17.5-13.5 Ma, CM 3-
6) – consistent with the “Monterey Hypothesis” [2]. 
 
[1] Isaacs (1985), Geomarine Letters 5, 25-30 [2] Vincent & 
Berger (1985), Geophys. Monogr. Ser. 32, 455–468 
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The continued production of CO2 from the burning of 
fossil fuel is estimated to increase the pCO2 in the atmosphere 
to 2000 µatm by the year ~2300. About 40% of the CO2 put 
into the atmosphere is adsorbed by the Oceans. The 
equilibration of the CO2 in the atmosphere with surface ocean 
waters will decrease the pH from the present value 8.1 to 7.4 
(this is called Ocean Acidification). A number of workers have 
examined how this decrease in pH can affect the production 
and dissolution of calcareous organisms in ocean waters. This 
decrease in the pH of seawater will decrease the concentrations 
of OH- and CO3

2- in surface waters, respectively by as much 82 
and 77%. One would also expect that the concentration of 
reactive organic ligands will also decrease as the pH is 
lowered. Since these anions form strong complexes with 
divalent and trivalent metals, their decrease will increase the 
concentration of the free or uncomplexed metals in seawater. 
This increase in the concentration of free metals in seawater 
will affect chemical equilibrium and kinetic reactions in the 
oceans. Metals like Cu2+ will be more toxic to plankton and 
bacteria. Fe3+ will be more soluble and Fe2+ less reactive to 
oxidation with O2 and H2O2. These two effects will make iron 
more available to phytoplankton. This paper will examine the 
effect of the decrease of pH on the speciation of a number of 
metals in ocean waters and speculate on how this will affect 
processes in the oceans. 
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The past ten years of orbitally-acquired visible-near IR 
reflectance spectra of Mars have revealed diverse mineralogy, 
including widespread clay minerals in ancient (>3 Ga) terrains. 
Many of these deposits have been reported to be consistent 
with Fe/Mg smectites such as saponite and nontronite. Here we 
present laboratory data of several well-characterized 
hisingerite samples and demonstrate that ambiguity may exist 
in the spectral detection of hisingerite and Fe/Mg-smectites. 
Hisiginerte, the ferric equivalent of halloysite, is of importance 
given that it has adsorption and hydration properties that are 
quite different from smectites. In addition, though the organic 
preservation potential of smectites is well documented (and 
this has made their detection on Mars of great importance), the 
preservation potential of hisingerite has not been explored. In 
this context, it is worth re-evaluating clay detections on Mars 
to detmine if some may in fact be more consistent with 
hisingerite. Such a distinction may be possible by examining 
the width of the metal-OH absorption near ~2.28 µm (Figure 
1). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Example lab spectra of hisingerite samples compared 
to smectites; many features are similar, suggesting the 
potential for underestimation of hisingerite on Mars. 
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Assessing the behaviour of lithium and the distribution of 
Li isotopes during river weathering is of major importance for 
studying water/rock interactions at the surface of the Earth. 
Lithium (6Li ~ 7.5% and 7Li ~ 92.5%) is a fluid-mobile 
element and, due to the large relative mass difference between 
its two stable isotopes, it is subject to significant low 
temperature mass fractionation which provides key 
information on the nature of erosion processes. 

The Loire River in central France is approximately 1010 
km long and drains a surface area of 117 800 km2. In the upper 
basin, the bedrock is old plutonic rock overlain by much 
younger volcanic rocks. In the intermediate basin, the Loire 
River drains the sedimentary series of the Paris Basin, mainly 
carbonate deposits. Then, the lower Loire basin drains pre-
Mesozoic basement of the Armorican Massif and its overlying 
Mesozoic to Cenozoic sedimentary deposits.  

In the rivers of the Loire Basin, Li isotopes were measured 
using the Neptune MC-ICP-MS, 7Li/6Li ratios were normalized 
to the L-SVEC standard solution (NIST SRM 8545) following 
the standard-sample bracketing method. 

Lithium concentrations in river waters of the Loire River 
main stream and the main tributaries span a wide range from 
2.0 to 46.5 µg/L, whereas δ7Li are comprised between +5.0 
and +13.3‰. 

There is a clear contrast between the headwaters upstream 
and rivers located downstream in the lowlands, with a 
siginificant decrease of the δ7Li with the distance from the 
source. This feature is observed for both low (summer time) 
and high water stages (spring time) . In addition, one of the 
major tributaries in the Massif Central (the Allier River) is 
clearly influenced by inputs from mineralized waters resulting 
of hydrothermal activities having lower δ7Li values. More 
generally, the Li isotopic composition measured in the rivers of 
the Loire Basin shows that 7Li is enriched in the dissolved 
load. On going analysis will focus on suspended sediments and 
the distribution of lithium and its isotopes between dissolved 
and solid products of erosion at the scale of the whole Loire 
River Basin. 
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The Prairie Potholes region is comprised of millions of 

internally-drained wetlands extending from Alberta, CAN to 
Iowa, USA. Topographically low groundwater discharge 
wetlands tend to be high in Ca-Mg-SO4-HCO3 due to reaction 
of groundwater with glacial till rich in pyrite and 
calcite/dolomite. Salt rings with elevated groundwater salinity 
and gypsum can form around discharge wetlands. Controls on 
this stored salinity and its impact on wetland water chemistry 
are not well-understood. Transpiration by plants at the wetland 
edge can concentrate solutes and temporarily reverse 
hydrologic gradients. Alternatively, the salts may have been 
precipitated during previous dry periods. Due to the dominance 
of SO4 and the wide range of δ34SSO4 values in these systems, 
we are using δ34SSO4 values in combination with δ18OH2O, 
δ2HH2O, and water chemistry to investigate processes 
associated with a salt ring in the Cottonwood Lake study area 
near Jamestown, North Dakota (USA). 

The study area is a ~600 m2 stand of bulrushes and cattails 
at the edge of a discharge wetland (P1). Drive point soil water 
samplers were installed along two transects (parallel and 
perpendicular to the wetland edge) at depths from ~0.5 to 3 m. 
δ34SSO4 values ranged from -18‰ (reflecting the source pyrite) 
in up-gradient groundwater to ~-4‰ (reflecting bacterial SO4 
reduction) in ponded water. δ34SSO4 values from the drive 
points were in between these two end-members. Along with 
δ18OH2O values and total dissolved solids, the δ34SSO4 values 
clearly show mixing between three distinct waters: relatively 
dilute up-gradient groundwater, brackish pore water extending 
several meters below the study area, and surface water. Diurnal 
and seasonal fluctuations in hydrological gradients and mixing 
ratios are also apparent.  
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The burial of organic carbon in shallow marine sediments 
represents an important net sink in the global carbon cycle. 
Microbially mediated oxidation of organic matter in oxic, 
suboxic, and anoxic sediments however, prevents its removal 
from the short-term carbon cycle. In modern settings, sulfate 
reduction dominates the subsurface oxidation of organic 
carbon due to the abundance of sulfate in many surface 
environments. It has also been suggested, however, that the 
iron and sulfur cycles are intimately linked in the anoxic 
subsurface.  

To better understand how the dynamics of iron and sulfur 
cycling impact subsurface carbon cycling, we are using stable 
isotope and geochemical techniques to explore the microbially 
mediated oxidation of organic carbon in salt marsh sediments 
in North Norfolk, UK. These sediments exhibit high levels of 
organic carbon, dissolved iron, and sulfate, making them ideal 
laboratories to study the nature of coupling between the 
carbon, iron, and sulfur cycles. A series of sampling missions 
was undertaken in the autumn and winter of 2013-2014.  

In subsurface fluid samples we observe very high ferrous 
iron concentrations (>1mM), indicative of extended regions of 
iron reduction (to over 30cm depth). Within these zones of iron 
reduction we would predict no sulfate reduction, and as 
expected δ34Ssulfate remains unchanged with depth. However, 
δ18Osulfate exhibits significant enrichments of up to 5‰. The 
observed decoupling of the sulfur and oxygen isotopes of 
sulfate is suggestive of a sulfate recycling process in which 
sulfate is reduced to an intermediated sulfur species and 
subsequently reoxidized to sulfate; this cycle must be quasi-
quantitiative to produce the suite of geochemical observations. 
Taken together, these data suggest that microbial assemblages 
in these salt marsh sediments facilitate a cryptic cycling of 
sulfur, potentially mediated by iron species in the zone of iron 
reduction. Constraints on the mechanism of iron-sulfate 
coupling will be discussed in the context of microbial ecology 
data and geochemical models. 
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Several concepts for a geological disposal facility (GDF) 

for low- and intermediate-level radioactive waste will employ 
cement in repository construction and within the engineered 
barrier system. Following closure, groundwater will resaturate 
the GDF and leach the cement, producing hyperalkaline plume 
that may react with the host rock producing an alkali distrubed 
zone (ADZ). The hyperalkaline cement leachate will evolve 
from an initial high-K leachate (pH~13), to a Ca-OH fluid (pH 
12.5 to 10) buffered initailly by the dissolution of portlandite 
(Ca(OH2) and subsequently by dissolution of calcium silicate 
hydrate phases. Eventually, the alkaline porewater in the ADZ 
will be displaced by background groundwater, which may 
react with the alkali alteration products within the ADZ. 

The long-term mineralogical evolution of the ADZ has 
been studied in a series of flow-through experiments using 
PEEK columns packed with a “model” host rock containing 
quartz, feldspars, mica, chlorite, kaolinite and minor hematite, 
which were sequentially-reacted with: K-Na-Ca-OH young 
cement leachate (YCL: ~pH 13.1), followed by; Ca(OH)2-
saturated intermediate cement leachate (ICL: pH 12.3), and 
finally by; a dilute (Ca-HCO3-type) or a saline (Na-Mg-Cl-
SO4-HCO3-type) background groundwater. The columns were 
reacted at 50°C, for 300 days during each stage, and the fluid 
chemistry and flow rate were monitored throughout the 
experiment. After each stage, a number of columns were 
petrographically-examined to characterise the mineralogical 
alteration and its impact of the pore structure and flow paths. 

Significant mineralogical reaction was observed with the 
dissolution of quartz, feldspar and clay minerals) and the 
precipitation of secondary Ca-K-silicate during reaction with 
YCL, followed by replacement of these early products by a 
higher Ca:Si Ca-silicate gel during the ICL stage. Reaction 
with background groundwater in the final stages of the 
experiment resulted to the replacement of the Ca-silicates by 
calcite, ettringite-thaumasite-like phase. A progressive 
reduction in permeability, associated with pore blocking by 
secondary phases was observed as the system evolved. 
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Ikaite, (CaCO3.6H2O), is a rare hydrated calcium carbonate 
mineral known only from low-temperature sedimentary 
environments in the Arctic, and Antarctic, permafrost, sea-ice, 
cold saline lakes and cold deep marine environments. 
Although known previously from laboratory experiments, 
naturally-forming ikaite was first discovered from Ikka Fjord 
in southwestern Greenland, where it forms tufa columns as a 
result of alkaline Na-HCO3 brines (pH 10.2-10.5) discharging 
from submarine springs into seawater.  

Ikaite is metastable with respect to calcite and aragonite in 
the presence of liquid water but precipitates from alkaline 
waters at temperatures <4 °C, although some studies suggest 
that ikaite may be metastable up to 7 °C. Because of the very 
restricted temperature limits for ikaite stability, and its 
widespread occurrence in a range of modern cold-climate 
waters and sediments, there is interest in ikaite as a robust 
indicator of cold conditions. Although, the mineral is not 
preserved in the geological record it has a very distinctive 
crystal morphology which may be preserved as calcite or 
aragonite pseudomorphs (“thinolites” or “glendonites”). 

During a recent study of a hyperalkaline spring site 
associated with groundwater leaching of an old industrial lime 
kiln waste site in Derbyshire, central England, ikaite was 
observed to actively precipitate within tufa deposits during 
cold autumn and winter weather (<10 °C). The ikaite forms in 
two different environmental settings: (1) where Ca(OH)2-
saturated hyperalkaline leachate (pH12.5) mixes with Ca-
HCO3-type streamwater (pH ~7) draining into the site, and; (2) 
on the crests of tufa barrages where turbulent flow mixes 
atmospheric CO2 into the hyperalkaline streamwater as it 
cascades over the barrage. During summer months the ikaite 
decomposes and dissolves. However, observations at this site 
show that ikaite can still persist into the summer months, 
suggesting that under hyperalkaline conditions ikaite is stable 
to warmer temperatures than previously reported. The 
occurence of ikaite in this unusual hyperalkaline environment 
is described. 
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Carbon (C) plays a central role in heterotrophic soil 
microbial metabolism. Soil organic carbon (SOC) can be taken 
up by microorganisms, and some respired as CO2. Measures of 
microbial C transformations such as specific respiration and 
carbon use efficiency, and the stable isotopic signature of 
microbial biomass-C and respired CO2, can enable assessments 
of microbial substrate use and feedbacks to a warming climate. 
However, direct measurements of these variables are either 
difficult to execute or interpret in situ due to a multitude of 
confounding factors.  

We used a chemostat system equipped with a continuous 
flow analyzer of [CO2] and δ13C- CO2 to assess the effects of 
temperature and substrate stoichiometry on microbial C 
transformations in steady state conditions, while providing 
microbes with a constant supply of well-characterized C 
substrate (δ13C = avg. -24.4‰). We grew Pseudomonas 
fluorescens (0.13 h-1) at temperatures ranging from 13 to 
26.5°C, with substrate C:N of 1, 10 and 20.  

At all C:N, SRR increased and CUE decreased with 
temperature. Changes in SRR and CUE with warming were 
most evident at C:N=1, demonstrating the effects of C 
availability on microbial C economy. 13C fractionation between 
biomass and CO2 was positively correlated with temperature at 
C:N=10, while no such relationship was found at C:N=1 or 20. 
We suggest that interpretations of δ13C- CO2 responses to 
temperature at multiple scales must consider how microbes 
may alter their metabolism (e.g., metabolic pathways, 
intracellular C flows) as the relative availability of critical 
resources changes.  
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The Mahoor granitoids are Cu–Zn-bearing porphyries that 
outcrop in the central part of the Lut Block, about 135 km 
south-west of Nehbandan (eastern Iran). These granitoids 
occur mainly as dykes and stocks that intrude Eocene 
volcanics. Petrographically, all the studied intrusives display 
porphyritic textures with mm-sized phenocrysts, most 
commonly of plagioclase and hornblende, embedded in a fine-
grained groundmass with variable amounts of plagioclase, 
hornblende, clinopyroxene, quartz and opaques. Hydrothermal 
alteration affected these granitoids, as revealed by the common 
occurrence of sericite, chlorite, sphene/leucoxene, epidote and 
calcite. Chemical classification criteria show that the intrusives 
may be named as gabbrodiorites, diorites, monzodiorites and 
tonalites. Major element geochemistry reveals that all the 
studied lithologies are typically metaluminous (A/CNK ≤ 0.94) 
and, in addition, suggest that they constitute a suite belonging 
to the high-K calc-alkaline series. Magnetic susceptibility 
(1485×10-5 SI) together with mineralogical and geochemical 
features show that they belong to magnetite granitoid series (I-
type). In primitive mantle-normalized trace element 
spiderdiagrams, the analysed samples display strong 
enrichment in LILE compared to HFSE (15.5 ≤ RbN/YN ≤ 
45.9), accompanied by negative anomalies of Nb, Ta and Ti. 
REE chondrite-normalized plots show slight to moderate 
LREE enrichment (4.9 ≤ LaN/LuN ≤ 8.4) and negative Eu 
anomalies (Eu/Eu* ratios vary from 0.65 to 0.88). The whole 
set of geochemical data suggest that the Mahoor granitoids are 
co-genetic, belong to the calc-alkaline series and have been 
originated in an active continental margin setting. Sulfide 
mineralizations (pyrite, chalcopyrite and sphalerite) related to 
these granitoids are common and occur both disseminated and 
as hydrothermal veins, indicating a high mineralization 
potential for this area. 

Funding: Ferdowsi University of Mashhad (Iran); FCT (Portugal), 
through project Geobiotec (PEst-OE/CTE/UI4035/2014). 
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The Aderba two mica granites (S-type granite) exposed in 

a complicated structural zone named Sanandaj- Sirjan (a part 
of Alpine-Himalayan orogeny) [1]. Tourmaline is one of the 
most important mineral found here as nodules in the granitic 
rocks. Nodular tourmaline (consist of a core of tourmaline + 
quartz + microcline) is surrounded by a leucocratic (biotite-
free rim) halo. The nodules are observed in different sizes from 
0.5 mm with a thin Q-halo to 10 cm with a Q+F halo. The 
major mineral assemblage of the host granite is quartz, 
plagioclase (albite to oligoclase), biotite, muscovite and K-
feldspar. Biotite grains define a weak foliation parallel to 
nodules elongation. Leucocratic biotite-free rim has generally 
the same textural features as in the host granite. Based on 
petrography and mineralogy, probably, biotite breakdown to 
form tourmaline + microcline (reaction products [2]), have 
been occurred. Larger nodular tourmaline, surrounded by Q+F 
halo, is bleached by Fe and Mg mass transport toward the core 
to form tourmaline (Al-rich ferromagnesian mineral). They are 
typical schorl-dravite composition which is shifted toward 
dravite rich rim as are visible under the microscope by their 
yellowish pleochroism [3].  
 
[1] Agard et al (2011) Geol. Mag 1-34 [2] Barbey (2007) Cont 
Min Pet 155 (6) 707-716 [3] Deer et al (1991) Long Sci Tec 
7th UK 528  
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The early biogeochemical sulfur cycle differed markedly 
from its modern counterpart. Two important differences are 
that deposition from the early anoxic atmosphere consisted of 
multiple valence states of sulfur [1], as opposed to only SO2 
and H2SO4 today, and that aqueous oxidation of intermediate-
valence sulfur species (e.g., sulfite, thiosulfate) was much 
slower than today [2,3]. Alongside other differences, these 
may have resulted in the dominance of sulfur species that are 
minor today in early seawater and in fluxes to the sediment [3]. 
However, the kinetics of some of the reactions governing the 
chemistry of sulfur in ancient seawater are poorly constrained 
under relevant environmental conditions. Two examples, to 
which biogeochemical model results appear sensitive [3], are 
disproportionation of sulfite species (SO2(aq), HSO3

–, SO3
2–) 

and acid-dissociation of thiosulfate (S2O3
2–). The former has 

been experimentally investigated at temperatures exceeding 
~100°C [4,5], and the latter at pH lower than ~4 [6]. These 
conditions are likely irrelevant to Earth’s early oceans, and 
lead to uncertainty of several orders of magnitude in reaction 
rates and, consequently in seawater concentrations of both 
major and minor sulfur species. 

To address the uncertainty in reaction kinetics, we 
experimentally investigated the rate of sulfite species 
disproportionation and thiosulfate acid-dissociation under 
anoxic conditions, and over ranges of temperature and pH 
relevant to the early oceans. Reaction rates were determined by 
monitoring the aqueous concentrations of both the reactant and 
product sulfur species (SO4

2-, SO3
2-, S2O3

2-, SxO6
2-) by ion 

chromatograhy. We included the pH- and temperature-
dependent rates of sulfite disproportionation and thiosulfate 
acid-dissociation in an environmentally-resolved model of the 
early biogeochemical sulfur cycle [3], and will discuss the 
effect of the new rates on sulfur chemistry in the early oceans 
and on the propagation and ultimate preservation of 
atmospherically-produced mass-independent fractionation of 
sulfur isotopes. 
 
[1] Pavlov and Kasting (2002) Astrobiology 2, 27–41 [2] 
Halevy et al (2010) Science 329, 204-207 [3] Halevy (2013) 
Proc. Natl. Acad. Sci. USA 110, 17644–17649 [4] Rempel, et 
al (1974), Lesotekh. Inst. Sverdlovsk. [5] Ryabinina and 
Oshman (1972) Tr. Ural. Lesotekh. Inst. 28, 182-189 [6] 
Johnston and McAmish (1973) J. Colloid. Interf. Res. 42, 112–
119 
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The reduction of HgII to Hg0 can occur via both abiotic and 

microbial mediated processes; therefore, in addition to direct 
microbial reduction, abiotic reduction is a key component of 
global Hg biogeochemical cycling. Reduction of Hg by FeII 
(mixed FeII/III mineral phases, FeII sorbed to minerals, and 
aqueous FeII) has gained significant attention in the past few 
years.  

Manganese (Mn) is Earth’s second most abundant 
transition metal next to Fe and resembles iron in several 
aspects of its geochemistry. Oxidation of MnII to MnIII and 
MnIV is largely driven by microorganisms. In addition, recent 
studies have shown the importance of mineral surface-
catalyzed MnII oxidation, which can influence HgII reduction. 
Reduction of HgII to Hg0 is thermodynamically favored during 
coupled oxidation of MnII to MnIII/IV at pH 7 and above. 
However MnII has never been documented to reduce HgII to 
Hg0. 

Here, we evaluated the potential of MnII to reduce aqueous 
HgII by characterizing the solid-phase Hg and Mn species with 
synchrotron X-ray Absorption Spectroscopy (XANES and 
EXAFS). Solution phase activity of Hg and Mn was monitored 
using ICP-AES. We find that the redox reactivity, the reaction 
pathways, and the resulting Hg speciation strongly depend on 
pH, presence of complexing ligands, and surface area of 
minerals.  

At pH 7.5, the majority of HgII was reduced to Hg0 within 
hours. HgII reduction was coupled with oxidation of soluble 
MnII to highly insoluble MnIV oxide. Formation of a MnIV 
oxide mineral auto-catalyzes the reaction for first few hours, 
followed by significantly slower rate of reaction concomitant 
with changes in MnIV mineral phase. The presence of inert 
mineral surfaces (e.g. Al2O3 and TiO2) inhibited the rate of HgII 
reduction. HgII reduction by MnII results in the formation of 
meta-stable HgI species in the presence of complexing ions 
such as sulphate, which slowly transforms to Hg0 over an 
extended period of time. Since MnII can exist at up to 
millimolar concentrations in natural waters, Mn could have 
important implications on the overall mobility and 
bioavailability of Hg. Mn oxides, which are strong oxidants, 
likely re-oxidizes Hg0; with Mn playing a dual role of 
reductant as well as oxidant of Hg in natural systems. 
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Advancing mechanistic understandings of carbon 
biogeochemical cycling is crucial for predicting future climate 
change. Characterizing chemical speciation of carbon in 
unaltered samples is critical for assessing the dynamics of 
carbon cycling in the earth system. Although carbon k-edge x-
ray spectro(micro)scopy can provide spatially resolved 
chemical information about carbon in samples, the thickness 
and hydration state of environmental samples often precludes 
the utility of soft x-rays in these studies. Non-resonant inelastic 
x-ray scattering (NIXS) with a lesser energy resolution 
inelastic scattering (LERIX) instrument enables measurement 
of carbon 1s x-ray absorption spectra with higher energy x-
rays, thus enabling the measurement of thick and hydrated 
samples without the need for sample containment in vacuum. 
We have made NIXS measurements of a variety of carbon-
containing material standards, soil constituents, and soil 
samples. Results indicate measurements can distinguish 
important C moieties like aromatic-C, amide-C, phenol-C, 
carbonyl-C, and carboxyl-C. Results obtained from NIXS are 
complementary to NMR. Details of these results will be 
presented. 
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An important challenge when assessing the human and 
environmental safety of engineered nanoparticles (ENPs) is to 
ascertain whether the observed toxicity is due to the NPs 
directly, or mediated by the release of ions (dissolution), or a 
combination of both. Investigating the effect of various media 
on reactivity (change in size, agglomeration, surface charge 
etc.) and dissolution of ENPs will allow evaluation of the 
persistence of ENPs and the likelihood of biological impact. 
Dissolution [1] in particular, can significantly change the state 
of ENPs in the media and therefore merits a systematic study 
in order to (i) correctly interpret the biological response 
triggered by ENPs; (ii) establish the likely timescales during 
which there is a risk from ENPs exposure within different 
biological/environmental compartments and (iii) postulate the 
cellular uptake mechanisms NPs may undergo.  

In this study, we therefore examine the aggregation and 
dissolution of 7 nm copper oxide (CuO) NPs in various 
environmental (algal growth medium, artificial fresh water 
with/without humic acid) and biological media (simulated 
body fluid, artificial lysosomal fluid, cell culture medium). 
Dissolution studies were performed over a period of 7 days 
followed by TEM inverstigations to ascertain the fate of the 
particles. In addition, dynamic light scattering, zeta potential 
and disc centrifuge sedimentation techniques were also used to 
study the change in size of the NPs in all the media.  

We observed the media to play a contrasting and 
influential role in the dissolution of CuO NPs. Our research 
strongly suggests that biouptake pathway, toxicity mechanisms 
and environmental partitioning for CuO NPs is controlled by 
its interaction/dissolution in a given media. 

 
[1] Misra SK et al Science of the Total Environment, 2012: 
438, 225 
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Some types of meteorites – most irons, stony irons, some 

achondrites - hail from asteroids that were heated to the point 
where magmatism occurred within a very few million years of 
the formation of the earliest solids in the solar system. The 
largest clan of achondrites, the howardite, eucrite and diogenite 
(HED) meteorites, represent the crust of their parent asteroid 
[1]. Diogenites are cumulate harzburgites and orthopyroxenites 
from the lower crust whilst eucrites are basalts, diabases and 
cumulate gabbros from the upper crust. Howardites are impact-
engendered breccias mostly of diogenites and eucrites. There 
remains only one large asteroid with a basaltic crust, 4 Vesta, 
which is thought to be the source of the HED clan [2]. 

Differentiation models for Vesta are based on HED 
compositions [e.g., 3]. Proto-Vesta consisted of chondritic 
materials containing 26Al, a potent, short-lived heat source. 
Inferences from compositional data are that Vesta was melted 
to high degree (≥50%) allowing homogenization of the silicate 
phase and separation of a metallic core. Convection of the 
silicate magma ocean allowed equilibrium crystallization, 
forming a harzburgitic mantle. After convective lockup 
occurred, melt collected between the mantle and the cool 
thermal boundary layer and underwent fractional 
crystallization forming an orthopyroxene-rich (diogenite) 
lower crust. The initial thermal boundary layer of chondritic 
material was replaced by a mafic upper crust through impact 
disruption and foundering. The mafic crust thickened over time 
as additional residual magma intrudes and penetrates the mafic 
crust forming plutons, dikes, sills and flows of cumulate and 
basaltic eucrite composition. This magmatic history may have 
taken only 2-3 Myr [4]. 

This magma ocean scenario is at odds with a model of heat 
and magma transport that indicates that small degrees of melt 
would be rapidly expelled from source regions, precluding 
development of a magma ocean [5]. Constraints from 
radiogenic 26Mg distibutions suggest that the parent asteroid of 
HEDs was much smaller than Vesta [4]. Thus, first-order 
questions regarding asteroid differentiation remain. 
 
[1] Mittlefehldt (2014) Chem. Erde-Geochem., submitted. [2] 
McSween et al (2013) Meteoritics Planet. Sci. 48, 2090-2104 
[3] Mandler and Elkins-Tanton (2013) Meteoritics Planet. Sci. 
48, 2333-2349 [4] Schiller et al (2011) Ap. J. Lett. 740, L22-
L27 [5] Wilson and Keil (2012) Chem. Erde-Geochem. 72, 
289-321 
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Howardite, eucrite and diogenite meteorites likely come 
from asteroid 4 Vesta [1]. Howardites - physical mixtures of 
eucrites and diogenites - are of two subtypes: regolithic 
howardites were gardened in the true regolith; fragmental 
howardites are simple polymict breccias [2]. The Dawn 
spacecraft imaged the howarditic surface of Vesta with the 
visible and infrared mapping spectrometer (VIR) resulting in 
qualitative maps of the distributions of distinct diogenite-rich 
and eucrite-rich terranes [3, 4]. We are developing a robust 
basis for quantitative mapping of the distribution of lithologic 
types using spectra acquired on splits of well-characterized 
howardites [5, 6]. Spectra were measured on sample powders 
sieved to <75 µm in the laboratories of the Istituto di 
Astrofisica e Planetologia Spaziali and Brown University. Data 
reduction was done using the methods developed to process 
Dawn VIR spectra [4]. The band parameters for the ~1 and ~2 
µm pyroxene absorption features (hereafter BI and BII) can be 
directly compared to Dawn VIR results. 

Regolithic howardites have shallower BI and BII 
absorptions compared to fragmental howardites with similar 
compositions. However, there are statistically significant 
correlations between Al or Ca contents and BI or BII center 
wavelengths regardless of howardite subtype. Diogenites are 
poor in Al and Ca while eucrites are rich in these elements. 
The laboratory spectra can thus be directly correlated with the 
percentage of eucrite material contained in the howardites. We 
are using these correlations to quantitatively map Al and Ca 
distributions, and thus the percentage of eucritic material, in 
the current regolith of Vesta. 
 
[1] McSween et al (2013) Meteoritics Planet. Sci. 48, 2090-
2104 [2] Warren et al (2009) Geochim. Cosmochim. Acta 73, 
5918-5943 [3] De Sanctis et al (2012) Science 336, 697-700 
[4] Ammannito et al (2013) Meteoritics Planet. Sci. 48, 2185-
2198 [5] Mittlefehldt et al (2013) Meteoritics Planet. Sci. 48, 
2105-2134 [6] Cartwright et al (2013) Geochim. Cosmochim. 
Acta 105, 395-421 
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In high nutrient low chlorophyll (HNLC) region, growth of 

phytoplankton is limited by iron (Fe) concentration (Martin 
and Fitzwater, 1988). Moreover, it has been suggested that 
aerosol can be an important supply source of Fe to HNLC 
region (Jickells et al, 2005). Recent studies have also 
suggested that offshore deposition of airborne ash from 
volcanic eruptions is a way to inject significant amounts of 
bio-available iron into the surface ocean (Duggen et al, 2010). 
The solubility in ocean of Fe in aerosol depends on its 
chemical species, but the Fe species in aerosol have not been 
fully clarified. Therefore, the aim of this study is to determine 
the Fe chemical species and its solubility in aerosol of various 
sources including volcanic ash. 

The results of backward trajectory analysis, Fe/Al ratio, 
and sulfate concentration showed that aerosol samples (Leg.1-
5and Leg.1-6) collected from the western North Pacific during 
KH-08-2 cruise contained aerosols supplied from the eruption 
of the Okmok volcano. As a result of Fe K-edge XANES 
analysis, it was suggested that Fe species of volcanic ashes 
changed during the long-range transport. Moreover, the 
dissolution experiment by seawater showed that Fe solubility 
of the marine aerosol is larger than that of volcanic ashes, 
possibly due to the transform of insoluble Fe originally 
contained in volcanic ashes into the aerosols with highly 
soluble Fe content mainly due to the formation of iron(II) 
sulfate, highly soluble species, as shown by XAFS . This can 
explain why volcanic ashes which originally contained 
insoluble Fe changed into the aerosol with high soluble Fe 
content. 

Although the average emission of fine volcanic ash (176-
256 Tg/yr; Durant et al, 2010) into the atmosphere is less than 
that of annual terrigenous dust load (1000-3000 Tg/yr; Tegen 
and Schepanski, 2009) by a factor of 1/10, it was found that the 
soluble Fe content in the aerosol supplied as volcanic ashes 
should not be underestimated due to the very high soluble Fe 
content in the aerosol of volcanic origin. 
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Nickel isotope has been the focus of many studies over the 

past several years because the decay of 60Fe (T1/2=2.62 Myr) to 
one of its isotope (60Ni) can potentially be used as a 
chronometer to constrain the ages of the early solar system 
objects. In addition, other isotopes such as 62Ni and 64Ni have 
shown to be a powerful tool to investigate the nucleosynthetic 
sources of the materials that make up the solar system. 
Recently, high precision Ni isotopic data have been reported 
from a variety of meteorites [1-3], and through these studies 
the presence of small but important isotopic heterogeneities in 
bulk meteorites is now apparent. Here, we selected two 
carbonaceous chondrites Allende and Murchison to explore the 
possible existence of Ni isotopic heterogeneities at the 
mineralogical scale.  

The powdered samples of Allende and Murchison were 
sequentially dissolved in acetic acid (L1), 0.2N HNO3 (L2), 1N 
HCl (L3), 6N HCl (L4), and HF-HNO3 mixture (L5). Ni was 
purified using the method modified from Yamakawa et al [4]. 
The isotopic composition was measured using a Neptune MC-
ICPMS, with a typical sample precision of ~0.1ε and ~0.2ε for 
ε60Ni and ε62Ni, respectively (normalized to 61Ni/58Ni).  

The whole rock samples of Allende and Murchison gave 
ε60Ni and ε62Ni values consistent with those reported 
previously [2, 3]. The L1 to L5 fractions of Allende showed 
56Fe/58Ni ranging from 0.9 to 48. However, no obvious 
correlation with ε60Ni was observed. Deviation in ε62Ni from 
the whole rock value was also absent in these fractions. The 
leachates of Murchison measured so far also showed no 
evidence of isotopic variations in ε60Ni and ε62Ni beyond the 
level of sample precision. These observation imply that the 
major carriers of Ni in these meteorites had a uniform Ni 
isotopic signature, or the Ni isotopic heterogeneity that was 
originally present at the mineral scale was homogenized during 
the parent body processes.  
 
[1] Steele et al (2011) GCA, 75, 7906 [2] Steele et al (2012) 
ApJ, 758, 59 [3] Tang et al (2012) EPSL, 359-360, 248 [4] 
Yamakawa et al (2009) Anal. Chem., 81, 9787  
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Introduction 

Molybdate (MoO4
2-) adsorption onto ferrihydrite is an 

important reaction controlling the geochemical cycle of Mo 
under an oxygenated atmosphere. Previous researchers have 
demonstrated that this adsorption decreases with increasing 
pH, especially at pH > 6. Generally, the adsorption 
experiments were carried out in (semi) closed systems; 
reactions involving the dissolved gaseous species were not 
taken into considertation. Here we investigate the effects of 
dissolved gaseous species, particularly CO2 and O2, on MoO4

2- 

adsorption on ferrihydrite based on two types of experiments. 
Experimental 

In the first series of experiments, one-litrer of 10 µM 
Na2MoO4 solution was prepared under the air; the solution, 
therefore, contained dissolved CO2, O2, and other gases. The 
solution was then transferred in a glove box where the 
atmosphere was regulated at T = 25±2 °C, pN2 = 0.8 atm, pO2 
= 0.2 atm, and pCO2 = 0. 10 mg of ferrihydrite were added to 
the solution to initiate the Mo adsorption. The solution was 
stirred magnetically, and the pH, pe and DO values were 
continuously monitored by electrodes. 2 mL aliquots of 
solution were sampled from periodically for determination of 
Mo and Fe by ICP-MS. 

In the second series of experiments, a Mo- and 
ferrihydrite-bearing solution was continuously reacted with the 
normal air (pCO2 = ~400 ppm).  
Results and Discussion 

The adsorption behavior of MoO4
2- on ferrihydrite showed 

a clear difference depending on the CO2 content of the 
atmosphere. When CO2 was absent in the atmosphere, CO2 
continuously degassed from the solution, causing the pH to 
increase from 6.0 (at t = 0) to 8.0 (700 hrs). The pe and Mo 
adsorption values continuously decreased with increasing pH. 
These characteristics are similar to those obained by previous 
investigatoirs for CO2-poor systems. In contrast, in the 
experiment performed in the air, the pH remained constant at 
~6.0 and the MoO4

2- adsorption reached a steady-sate after ~10 
hours at a value that was about one third of the MoO4

2- 
adsorption in CO2-poor systems. This suggests the importance 
of CO2 in the geochemical cycle of Mo.  
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Dissolved organic matter (DOM) is generally thought of as 

the labile carbon source and electron donor for microbial iron 
(Fe) and arsenic (As) reduction in reducing aquifers with 
elevated As concentration. The fulvic acid fraction of DOM is 
also biogeochemically important in reducing groundwater, and 
its presence is indicative of additional roles of DOM, such as 
complexation, sorption, and electron shuttling reactions that 
may influence the mobility of As. Previously, analyses of 
inorganic and organic chemistry in reducing groundwater, 
spanning a wide spatial extent in Araihazar, Bangladesh, 
uncovered that there were highly significant relationships 
between dissolved As, Fe, fulvic acid content, aromaticity, and 
fluorescence properties. We hypothesized that fulvic acids may 
enhance As mobility by functioning as electron shuttles to 
accelerate the microbial reductive dissolution of Fe minerals. 
We tested this hypothesis with electron shuttling experiments 
using fulvic acids isolated from natural groundwater 
environments. Preliminary results indicate that fulvic acids and 
labile DOM added to a natural consortium of microorganisms, 
including Fe reducers, increased the reduction of Fe(III) 
mineral to Fe(II) over trials with labile DOM and Fe-reducers 
alone.  
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The oldest fossil evidence for life on Earth indicates 

photosynthesis in shallow coastal marine settings1, however 
these zones would have been harsh environments bathed in 
high-intensity UV radiation penetrating the ozoneless Archean 
atmosphere. Planktonic bacteria are more susceptible to UV 
damage than mat-forming species as they lack the screening 
provided by a sheath or an aggregate lifestyle, and so the 
means by which planktonic bacteria survived and colonized 
early shallow-water environments remains ambiguous. To 
address this, we performed UV irradiation experiments 
examining the growth of the planktonic cyanobacterium 
Synechococcus sp. PCC 7002 in Fe-and Si-rich media designed 
to mimic Archean ocean conditions2,3. We report that cultures 
exposed to high-intensity UV-C light (254 nm) sustained less 
genetic damage than irradiated, non-supplemented cultures. 
Media supplemented with both Fe(III) and Si were 
significantly more effective at attenuating UV than media 
supplemented with Si alone. UV attenuation and chemical 
equilibrium modeling data suggest that Archean seawater 
should have readily formed Fe(III)-Si polymers and colloids 
capable of absorbing up to ~70% of incoming UV-C over a 1 
cm path length. We suggest that such suspended polymers and 
colloids may have played an important role in the protection of 
ancient free-floating bacteria from high-intensity UV radiation, 
and helped enable phototrophic colonization of nutrient-rich 
shallow water environments in the Archean.  
 
[1] Allwood et al (2006) Nature 441, 8 [2] Czaja et al (2012) 
GCA 86 [3] Maliva et al (2005) GSA Bulletin 117,7-8 
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Polyacrylamide flocculants are used in numerous fields, 

particularly for water treatment and offshore oil production. 
These polyacrylamide polymers, with an ultra-high molecular 
weight, are produced from acrylamide monomer, which is 
known to be an animal and a suspected human carcinogen. The 
fate and transport of acrylamide and polyacrylamide 
flocculants in the environment in the above contexts have 
never been studied yet. In this study, we were interested in 
acrylamide and 2 anionic polyacrylamides of different 
molecular weight: the first one is used as flocculent in an 
aggregates quarry, and the second one is used in offshore oil 
extraction. For both acrylamide and polyacrylamides, batch 
experiments (sorption isotherms) according to the protocol 
developed by the Environmental Protection Agency (EPA) [1] 
were conducted on mineral soil phases, soil materials and 
sediments to determine the partition coefficient between the 
solid and the liquid phase (Kd), and to provide a better 
understanding of these molecules fate when they are in contact 
with natural solid phases. For acrylamide and the 
polyacrylamide used in the aggregates quarry, the tests were 
performed in freshwater with clays and sludge from one quarry 
site. For polyacrylamide used in petrochemical, experiments 
were carried out in sea water with clays and marine sediments. 

Adsorption isotherms obtained for acrylamide indicate a 
weak affinity of acrylamide to clays (kaolinite and illite) and to 
soil samples (Kd < 0.9 ml/g). These results are consistent with 
those of Arrowood (2007) [2] who found low adsorption 
percentages (0-2.4%) of acrylamide on three soil types. This 
low affinity can be explained by the high solubility and 
hydrophilicity of acrylamide, its small size and the negative 
charges of both acrylamide and the surfaces of solids tested, as 
shown by zeta potential analyzes. Acrylamide is mobile in the 
soil since it cannot be trapped by mineral particles. Unlike the 
acrylamide, the two polyacrylamides tested showed a strong 
affinity to clays, sludge and sediments. 
 
[1] W. R. Roy, I.Gkrapac, S.F.J. Chou, R.A. Griffin. Technical 
Ressource Document 1991, EPA/530-SW-87-006-F [2] T. J. 
Arrowood. PhD Thesis, University of Nevada 2007 
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To assess sources and degradation of the herbicide 

glyphosate (N-phosphonomethyl) glycine) and its metabolite 
AMPA (aminomethylphosphonic acid) in the environment, 
concentration measurements alone are often inconclusive 
[1].To advance an alternative approach, we present compound-
specific nitrogen isotope analysis (15N/14N) of glyphosate  
and its metabolite AMPA by derivatization-gas 
chromatography/isotope ratio mass spectrometry (GC/IRMS). 
In the first step the N-H group was derivatized with isopropyl 
chloroformate (iso-PCF). In the second step, remaining acidic 
groups were methylated with trimethylsilyldiazomethane 
(TMSD) [2]. Accurate δ15N values were obtained (deviation 
from elemental analyzer-IRMS): 0.23‰ ± 0.88‰ for 
glyphosate and 0.37‰ ± 0.70‰ for AMPA with a limit of 
precise δ 15N measurements of 150 ng (glyphosate) and 250 ng 
(AMPA), respectively. Isotope values in commercial products 
ranged from +3.3‰ to -1.9‰ for δ 15N and from -24.6‰ to -
33.7‰ for δ 13C (measured with liquid chromatography-IRMS) 
[3].Nitrogen isotope fractionation during abiotic degradation of 
glyphosate with manganese dioxide (MnO2) were as high as εN 
= -17‰ ±0.5‰ indicating that AMPA formation by C-N bond 
cleavage rather than sarcosine formation by C-P bond cleavage 
[4] was the dominant initial step. Dual element isotope plots 
illustrate the potential of combined carbon and nitrogen 
isotopes analysis to trace sources and environmental fate of 
glyphosate and AMPA [5]. 
 
[1] G. Imfeld, M. Lefrancq, E. Maillard, S. Payraudeau (2012) 
Chemosphere, 471-479 [2] H. Kataoka, S. Ryu , N Sakiyama, 
M. Makita (1996) J. Chromatogr A, 726, 253-258 [3] D. M. 
Kujawinski, J. B. Wolbert L. Zhang, M. A. Jochmann,(2013) 
Ana Bioanal Chem, 2869–2878 [4]K.A, Barret, M.B. McBride 
(2005) Environ. Sci. Technol, 9222-9228 [5] M. Elsner, M. A. 
Jochmann, T. B. Hofstetter, D. Hunkeler, A. Bernstein, T .C . 
Schmidt, A. Schimmelman (2012) Anal Bioanal Chem 2471-
2491  
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The recognition of tungsten (W) as a possible human 
health hazard has stimulated increased scrutiny of this 
transition metal, along with its chemical analog, molybdenum 
(Mo), in the environment. We focus here on W and Mo in 
surface waters and porewaters from an estuary/salt marsh in 
southeast Louisiana. Dissolved concentrations of Mo in the 
surface waters increased linearly with increasing salinity 
demonstrating conservative mixing of fresh water with marine 
water. Tungsten does not exhibit conservative mixing behavior 
as a function of salinity in the estuary. Instead, a mid-salinity 
maximum for W is observed at ~ 11‰, which subsequently 
decreases with both increasing and decreasing salinity. The 
reactive behavior of W in this estuary indicates a mid-salinity 
source of W that is then either scavenged or diluted with sea 
water. 

Although W and Mo demonstrate distinct behavior in the 
surface estuary, their concentrations are strongly correlated in 
the porewaters (r = 0.86, p < 0.0001). Compared to overlying 
fresh surface waters, interstitial W and Mo concentrations are 
enriched 130- and 3-fold, respectively. The elevated porewater 
concentrations of W and Mo are likely due to dissolution of 
Fe/Mn oxides/oxyhydroxides and subsequent release of sorbed 
W and Mo. For porewaters underlying brackish surface waters 
(i.e., 7‰ ≤ S ≤ 22‰), bacterially mediated sulfate reduction 
produces dissolved sulfide that ranges from 200 to 2264 
μmol/kg. The W and Mo concentrations in these highly 
sulfidic porewaters are, on average, 15- and 19-fold lower, 
respectively, than in porewaters from sediments underlying 
fresh surface waters. Speciation modeling predicts thioanion 
species of W and Mo dominate in the highly sulfidic 
porewaters [1, 2]. Tetrathiomolybdate is known to adsorb to 
precipitating pyrite [3], which may explain the lower Mo 
concentrations. We hypothesize that scavenging of 
thiotungstate anions may explain the low W concentrations in 
the sulfidic porewaters.  
 
[1] Erickson and Helz (2000) Geochim. Cosmochim. Acta 64, 
1149-1158 [2] Mohajerin et al Geochim. Cosmochim. Acta 
under review. [3] Bostick et al (2003) Environ. Sci. Technol. 
37, 285-291  
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Goundwater is the main resources of water supply for 

agricultural, drinking, and industrial purposes in Iran and, 
therefore, it is essential to protect aquifers from pollution. In 
this paper, the vulnerability and quality protection zoning maps 
of Bojnurd aquifer, the capital of N-Khorasan province - North 
of Iran, was prepared using Fuzzy-AHP- DRASTIC techniques 
in GIS environment. The groundwater risk map (CRisk) was 
prepared by integrating the aquifer intrinsic vulnerability map 
(DRASTIC-Di) with the land-use map. To increase the 
accuracy of Di and CRisk maps, they were calibrated using 
aquifer nitrate concentrations map. After correcting the 
weights and ratings of the model parameters, the aquifer 
specific vulnerability (modified Di-Di-m) and special risk-taking 
(CRisk-m) maps were prepared. Finally, by improving the 
weights and rates of required parameters using analytical 
hierarchy process (AHP) and fuzzy logic techniques, the risk-
taking maps of the aquifer were prepared with AHP-
DRASTIC, modified AHP-DRASTIC, Fuzzy-AHP-DRASTIC 
and modified Fuzzy-AHP-DRASTIC models [1, 2]. The 
correlation coefficient between the vulnerability/Q-protection 
zoning maps with aquifer nitrate map indicate that the CRisk-m 
model, is the best model for preparing the Bojnord aquifer 
vulnerability zoning map, and about 26, 23 and 51 percent of 
the aquifer have high, very high and very susceptible potential 
for contamination.  
 
[1] Farjad, B., Shafri, H., Mohamed, T.A., Pirasteh, S., & 
Wijesekara, N. (2012). Groundwater intrinsic vulnerability and 
risk mapping. Water Management, 165, pp. 441-450 [2] 
Pathak, D.R., & Hiratsuka, A. (2011). An integrated GIS based 
fuzzy pattern recognition model to compute groundwater 
vulnerability index for decision making. Journal of Hydro-
environment Research, 5, pp. 63-77 
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The quantification of the carbon fluxes, stocks, and 
transformations in soils and watersheds is critical for closing 
key biogeochemical cycles and for developing predictive 
understanding of climate change scenarios. The Old Rifle site 
is located on the flood plain of the Colorado River. At present, 
site-wide field investigations focus on microbial metagenomic 
analyses, saturated and unsaturated zone hydrology and 
quantifying selected biogeochemical variables including 
organic carbon pools and inorganic carbon fluxes. Modeling is 
used to integrate these data and address the overarching goal of 
understanding of the impacts of climate and land use changes 
on the terrestrial ecosystem behavior.  

As component of the overall modeling approach, a 2-D 
Transect Infiltration model has been developed. The specific 
goal of this component is to capture the biogeochemical 
response of the Rifle Flood Plain subsurface system to 
hydrologic forcing, including snow melt, Colorado River stage, 
infiltration from Rifle uplands, and fluctuations in water table 
elevation.  

Reactive transport modeling of the coupled unsaturated-
saturated zone is solved along a transect corresponding to the 
TT series of wells. Infiltration, including irrigation, in the Rifle 
uplands provides the upgradient boundary condition, while the 
down-gradient boundary is the Colorado River. Flow is solved 
under variably saturated conditions, while the treatment of 
biogeochemistry focuses on tracking the fate of O2, N, and C. 
The simulations are performed for the April through 
September 2013 time frame, which covers the spring snow 
melt event at the site followed by the gradual water table 
lowering and seasonal temperature increase during the summer 
months. Material properties for unsaturated flow are available 
from textural data analysis. 

Simulation results are constrained by measurements of 
water and carbon fluxes, along with water table elevation, and 
by isotope and major element chemistry. Simulations are used 
to evaluate the relative contribution of flux from the 
unsaturated zone versus lateral groundwater flow and 
investigate how water table fluctuation affect processes 
maintaining sub-oxic conditions in the aquifer; in particular, 
how gas entrapment in the capillary fringe affects this sub-oxic 
condition. 



 Goldschmidt2014 Abstracts  
 

 

1717 

1717 

Impacts of a nuclear power plant and 
a radioactive waste storage facility on 

the environment, Hungary 
M. MOLNÁR1*, L. PALCSU1, R. JANOVICS1  

AND M. VERES1 
1Hertelendi Laboratory of Environmental Studies,  

MTA Atomki – Iostoptech Zrt, 4026 Debrecen,  
Hungary (*corrspondence: mmol@atomki.hu) 

 
For more than 20 years radiocarbon and tritium content of 

atmospheric CO2, water vapour, hydrocarbons and hydrogen 
have been continuously monitored around the nuclear power 
plant of Paks (Paks NPP), Hungary. Our laboratory developed 
the differential radiocarbon and tritium samplers that take 
integrated samples from the ambient air, there. An automatic 
groundwater sampling device also has been developed in order 
to separately take anions and cations by means of ion exchange 
resins. 

An experimental and modelling work was done focusing 
on the rain washout of tritium emitted from the Paks NPP 
using special sampling devices and high sensitivity 3H analyses 
methods. Radiocarbon impact in the annual tree rings of a 
nearby pine tree from 2000-2009 was also studied there and 
comapred to the paralell atmospehic 14C monitoring 
observations. Gamma emitters, tissue free water tritium 
(TFWT) and total organically bound tritium (T-OBT) 
measurements were performed on water, sediment and various 
aquatic organisms (snail, mussel, predatory and omnivorous 
fish and sediments) collected from the Danube river at the 
outlet of the warm water channel of Paks NPP. 

We investigated the impact of low and intermediate level 
radioactive waste (L/ILW) disposal on the groundwater and 
ambient air in case of a near filed storage facility 
(Püspökszilágy, Hungary). Thousands of groundwater and air 
samples for 3H, 14C, 90Sr and water chemistry have been 
measured. The results are the basis of a transport model that 
describes how radioisotopes could spread with the 
groundwater if they were getting out from the disposal.  

During the storage of LILW significant quantities of gas 
may be produced, therefore, the measurement of gas mixing 
ratios from the headspace of radioactive waste drums was 
started by a quadrupole mass spectrometer. To obtain reliable 
estimations of the quantities and rates of the gas production in 
L/ILW, a series of measurements were carried out on 
numerous waste packages produced and temporarily stored at 
the site of Paks NPP and on real LILW storage near filed 
vaults at Püspökszilágy. We have demonstrated that estimation 
of the restored total tritium activity in a L/ILW vault can give 
realistic results by measurements of the decay produced helium 
isotopes. 
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One of the least understood aspects of ore genesis concerns 

the duration of the mineralizing event. We have used ore 
tonnage (production + reserves) and grade information along 
with observed fluid flow rates in active geothermal systems to 
estimate the amount of time required to form an epithermal 
Au-Ag deposit. Total gold tonnage for 279 epithermal veins 
and deposits ranges from 0.0002 T (6t oz; Wharekirau- ponga, 
NZ) to 2,170 T (69 x 106 t oz; Yanacocha, Peru), with an 
average of 4.1 T. Total silver tonnage for 252 epithermal 
deposits ranges from 0.0004 T (12t oz; Wharekirau- ponga, 
NZ) to 62,207 T (2.0 billion t oz; Cerro Rico de Potosi, 
Bolivia), with an average of 60.3 T (1.94 million t oz). The 
average gold grade, based on 241 deposits, is 4.4 g/T, and the 
average silver grade is 88 g/T. Reported flow rates for 695 
active continental geothermal systems and hot springs average 
6.0 kg/sec. Assuming a gold content in the ore-forming fluid of 
1.8 µg/kg (1.8 ppb), the amount of time required to deposit the 
average amount of Au estimated for epithermal deposits is 
7,940 yr, with 68% (one standard deviation) of the deposits 
requiring between 132 and 479,000 yr to form. Assuming a 
silver content in the ore-forming fluid of 33.9 µg/kg (33.9 
ppb), the amount of time required to deposit the average 
amount of Ag estimated for epithermal deposits is 9,330 yr, 
with 68% of the deposits between 120 and 724,000 yr. 

Results of this assessment indicate that the duration of 
active mineralization in epithermal systems need not be longer 
than ~104 yr, assuming continuous deposition. Field and 
laboratory data suggest, however, that mineralization is not 
continuous but, rather, is episodic and associated with discrete 
hydrothermal eruption events that lead to boiling and the 
quantitative precipitation of all metal in solution. As such, gold 
and/or silver deposition is likely occurring over only a small 
fraction of the total lifetime of the hydrothermal system. 
Results of this study also suggest that formation of giant 
deposits in a geologically reasonable amount of time requires 
hydrothermal systems that were active for longer periods of 
time and were characterized by higher fluid flow rates. 
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Records of past precipitation response in the American 
Southwest, including California, to warmings and coolings of 
the last deglaciation are important as baseline values for how 
precipitation patterns and source in this drought-prone region 
will change with future warming. Here we present two, U-Th 
calibrated, multi-proxy stalagmite records from central Sierra 
Nevada (CA) caves, spanning 19.1 to 10.6 ka, that document 
contemporaneous changes in precipitation with shifts in North 
Atlantic regional climate. These records document colder and 
wetter conditions during stadials, including Heinrich 1, the 
Older Dryas, and the Intra-Allerød Cold Period, and warmer 
and drier conditions during the Bølling and Allerød 
interstadials. Shifts to colder wetter conditions are indicated by 
abrupt decreases in δ18O, δ13C, 87Sr/86Sr and minima in Mg, Sr, 
and Ba concentrations. Interstadials are marked by increases in 
δ18O, δ13C, 87Sr/86Sr, and elevated elemental concentrations 
recording enhanced prior calcite precipitation in the epikarst 
under drier, warmer conditions. Rapid growth in one 
stalagmite permits consideration of lead-lag relationships 
between California hydroclimate and North Atlantic climate 
events.  

In order to investigate climate dynamics governing 
precipitation in the American Southwest in response to abrupt 
warmings and coolings of the past deglaciation, we are 
carrying out a paleoclimate model-data comparison for the 
Younger Dryas stadial (12.2 Ka) and Bølling interstadial (14.4 
Ka). Greater modeled wind velocity, water vapor transport, 
storminess, and precipitation indicate that the Pacific winter 
storm track was likely more intense during the Younger Dryas 
cold period than during the Bølling warm interval. Our results 
further suggest an intensification of the Pacific winter storm 
track rather than southward shift during cold periods. The 
integrated speleothem proxy records and climate model results 
suggest the hydrological response in this region is likely 
reduced winter precipitation during global warming, with clear 
implications for projected continued warming.  
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The increasing manufacture and implementation of 
engineered nanomaterials (ENMs) will continue to lead to the 
release of these materials into the environment. Reliably 
assessing the environmental exposure risk of ENMs will 
depend highly on the ability to quantify and characterize these 
materials in environmental samples. However, performing 
these measurements is obstructed by the complexity of 
environmental sample matrices, physiochemical processes 
altering the state of the ENM, and the high background of 
naturally-occurring nanoparticles (NNPs), which may be 
similar in size, shape and composition of their engineered 
analogues. Current nanometrologies can be implemented to 
overcome some of these obstacles, but the ubiquity of NNPs 
presents a unique challenge requiring the exploitation of 
properties that discriminate engineered and natural 
nanomaterials. To this end, new techniques employing 
elemental analysis by ICP-MS are being developed that take 
advantage of the unique nature of ENMs to discern them from 
naturally occurring analogues. Specifically, by exploiting the 
narrow size distributions and elemental uniformity of ENPs, as 
compared to NNPs, their presence might be quanitfiable. Using 
the capabilities of field flow fractionation-ICP-MS for high 
resolution size and elemental analysis, narrow regions of a 
broad size distribution of NNPs can be probed for the presence 
of elements characteristic of the more-narrowly distibuted 
ENPs. Focusing on particle-by-particle analysis using single 
particle ICP-MS (spICP-MS), with multielement detection, 
may allow for ENP quantification using the realtively higher 
purity of the ENPs to distinquish from the more elementally 
complex ENPs. While only at the proof-of-concept stage 
currently, further development of these ICP-MS-based 
approaches may lead to a robust means of quantifying ENPs in 
complex environmetnal samples. 
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Debris-rich basal ice of glaciers and ice sheets is a viable 

microbial habitat as it contains significant quantities of 
potential nutrients from the biogeochemical weathering of 
mineral debris [1-3], viable microbial cells based on staining of 
an intact membrane [4, 5] and temperatures that are close to 
the freezing point [6]. Gas analyses of basal ice from Taylor 
Glacier (TG), Antarctica are consistent with microbial 
respiration in situ at sub-zero temperatures within unfrozen 
water films/veins within the ice [7]. This is supported by 
laboratory experiments using isolates from TG basal ice 
demonstrating respiration at the in situ ice temperature [5, 8]. 

Debris-rich basal ice from the DYE 3 deep ice core, 
Greenland has CO2 and CH4 concentrations greater than 
atmospheric [9] raising the possibility for in situ microbial 
activity at sub-freezing temperatures. This research has 
characterized the geomicrobiological attributes of DYE 3 basal 
ice, including measurements of microbial biomass, 
geochemical and nutrient concentrations, as well as analysis of 
the microbial community using both culture dependent and 
independent approaches. The viability of DYE 3 basal ice as a 
microbial habitat will be discussed based on these results. 

 
[1] Sharp, M. et al (1999) Geology, 27, 107-110 [2] Skidmore, 
M. et al (2000). Appl. Environ. Microbiol., 66, 3214-3220 [3] 
Tung, H. et al (2006). Astrobiol., 6, 69–86 [4] Miteva, V. et al 
(2009) Environ. Microbiol., 11, 640-656 [5] Doyle, S. et al 
(2013) Biology, 2, 1034-1053 [6] Tison, J.-L. et al (1998) J. 
Geophys. Res., 103, 18885-18894 [7] Montross, S. et al (2014) 
Geomicrobiology J., 31, 76-81 [8] Bakermans, C. & Skidmore, 
M. (2011) Environ. Microbiol. Rep. 3, 774-782 [9] Verbeke, 
V. et al (2002) Ann. Glaciol., 35, 231-236 
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In a recent publication we showed atmospheric cycling of 
gaseous elemental mercury (GEM) and ozone in Barrow, 
Alaska, was directly impacted by the presence of sea ice leads 
through initiation of shallow atmospheric convection. The 
convection mixed mercury (Hg) and ozone into the depleted 
atmospheric surface layer where it has the potential to 
reinvigorate mercury depletion chemistry and promote 
conversion and subsequent deposition of Hg. In this 
presentation we show corresponding surface-atmosphere 
exchange fluxes of Hg and snow Hg levels. Measurements 
were taken during the Bromine, Ozone, and Mercury 
Experiment (BROMEX) in Barrow, Alaska in March/April 
2012. During the campaign we established two measurement 
sites, one 2 km out on the frozen Chukchi Sea and one 5 km 
inland over tundra. Atmospheric Hg speciation, measured and 
modeled deposition (based on wet deposition sampling and 
speciation measurement), and surface snow Hg and ion 
concentrations were determined at both sites, and net surface-
atmosphere GEM fluxes were measured over the frozen sea ice 
site using micrometeorological techniques. Net exchange 
fluxes of GEM were unrelated to surface snow Hg contents 
and showed both emissions and depositions; low atmospheric 
concentrations of GEM favored GEM emission and high GEM 
concentrations favored deposition. Temporal patterns of 
atmospheric GEM concentrations at the sea ice and tundra site 
tracked each other well, but the tundra site showed higher 
midday GEM concentrations possibly related to higher surface 
re-emission from snow. We also observed significant 
differences in snow chemistry: higher Hg levels, dominated by 
soluble Hg, were found in snow with higher ionic strength over 
the sea ice as compared to the inland site. These patterns show 
a complex interplay of mercury depletion events, surface-
atmosphere exchange, and snow chemistry in Arctic 
environments. 
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The San Andreas Fault Observatory at Depth (SAFOD) 
deep drillhole, located 14 km northwest of Parkfield, CA, 
crosses the central creeping section of the San Andreas Fault 
where measured creep rates are ~25 mm/yr. Coring at 2.65-
2.70 km vertical depth (~112°C) successfully sampled the two 
zones of foliated gouge where creep is localized: the 2.6-m-
wide central deforming zone (CDZ) and the 1.6-m-wide 
southwest deforming zone (SDZ). Whereas most of the 
recovered core consists of quartzofeldspathic crustal rocks, 
whole-rock (XRF) compositions of the two creeping traces 
indicate that they are dominantly of ultramafic origin [1]. The 
gouge zones consist of porphyroclasts of serpentinite and 
sedimentary rock dispersed in a foliated matrix of Mg-rich clay 
minerals, and they are interpreted to be the product of shear-
enhanced metasomatic reactions between the wall rocks and 
serpentinite that was tectonically entrained in the fault [2]. The 
CDZ takes up the majority of the creep, and it exhibits some 
differences in texture and mineralogy from the SDZ that is 
attributed to its higher shearing rate. In addition, a ~0.2-m-
wide sector of the CDZ located at its northeastern margin (NE-
CDZ) is identical in texture and Mg-clay chemistry to the 
SDZ, possibly due to a gradient in creep rate across the CDZ. 
The SDZ and NE-CDZ core samples contain larger proportions 
and sizes of porphyroclasts than the majority of the CDZ, 
consistent with a lesser degree of shear-enhanced clay-forming 
reactions. The SDZ and NE-CDZ also contain pressure 
shadows and veinlets of calcite that were not seen elsewhere in 
the CDZ. The gouge matrix clays in the SDZ and NE-CDZ 
consist of saponite (trioctahedral, Mg-rich smectite) and 
corrensite (1:1 ordered, interstratified saponite-chlorite), 
whereas the rest of the CDZ contains saponite but no 
corrensite. Where age relations can be determined, saponite is 
always younger than corrensite. The temporal differences in 
clay-mineral compositions may reflect a change in physico-
chemical conditions such as a slight decrease in temperature, 
with clays in the more actively deforming portions adjusting 
more completely to the new conditions than those in more 
slowly creeping portions. 

 
[1] Bradbury et al (2011) EPSL 310, 131-144 [2] Moore and 
Rymer (2012) JSG 30, 51-60 
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Point iridium fluences in combination with models of 

impact debris distribution are commonly used to assess the 
quantity of extraterrestrial material accreted to the Earth from a 
major bolide impact [1], e.g. the K-Pg. A significant portion of 
marine K-Pg iridium fluence data overestimate primary 
iridium fluences due to post-impact addition of allochthonous 
iridium (Fig. 1A). Such a relationship is not present in non-
marine iridium point fluences (Fig. 1B), where any broadening 
of the peak, for example by bioturbation, is produced by 
reworking of autochthonous iridium. 

 
Some of the marine iridium fluence data are likely 

unbiased, but it is not at present possible to parse those reliably 
from the biased localities. Therefore, until such time as better 
criteria for distinguishing allochthonous iridium have been 
developed, marine iridium fluence data should be excluded 
from impact studies. Excluding marine data also removes the 
apparent lack of correlation between iridium fluence and 
distance from the Chicxulub crater [2] (Fig. 2).  

 
[1] Donaldson & Hildebrand (2001) Met. Plan. Sci., 36. A50 
[2] Smit (1999) Ann. Rev. Ear. Plan. Sci., 27, 75-113 
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Application rates of rock salt, primarily halite (NaCl), to 

roads and other impervious surfaces have increased over the 
last several decades in North America, Europe, and elsewhere 
with the growth in car ownership and the percentage of the 
landscape covered by impervious surfaces. Rapid rates of 
dissolution, which makes rock salt effective for melting frozen 
precipitation, result in significant additions of Na+ and Cl– to 
the Critical Zone, consequently altering geochemical fluxes to 
soils, surface water, and groundwater. Na+ and Cl– in surface 
water and groundwater, even in rural areas, show a trend of 
increasing concentrations over the last 50 years with 
implications for ecosystem health and drinking water quality. 

An understudied aspect of the rock (or road) salt problem 
is the effect of management practice changes, e.g., stormwater 
basins, on the timing and magnitude of Na+, Cl–, and other 
elemental fluxes through the Critical Zone. We are studying 
the fluxes using grab sampling and a sensor network in 
stormwater basins receiving direct runoff from impervious 
surfaces, groundwater, and surface water. The continuous 
record from sensor data allows quantification of episodic 
fluxes, which are common in a stormflow-dominated system, 
and utilization of spatio-temporal data mining techniques to 
elucidate patterns in the data. 

After road salt runoff enters the stormwater basins, some 
fraction is exported rapidly to surface waters and the remainder 
to groundwater. Addition of large amounts of Na+ and Cl– to 
groundwater results in salinization. Baseflow from salinized 
groundwater increases surface water fluxes of Na+, Cl–, and 
other elements during non-winter seasons. Analytical and 
geochemical modeling results demonstrate that addition of 
water with high Na+ and Cl– concentrations alters cation 
exchange composition, which affects the capacity of soils to 
support vegetation and changes groundwater and surface water 
chemistry for years. Thus stormwater basins increase road salt 
impacts on the Critical Zone.  
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Despite recent work pointing to subsurface weathering 
along fractures as the primary contributor of silicate 
weathering products to the world’s oceans, most field studies 
of weathering extrapolate mechanisms and rates from soil 
profile or watershed-integrated data. Here we present detailed 
chemical weathering data of fractured metavolcaniclastic rock 
obtained by drilling (to 37m) in the Bisley watershed of the 
Luquillo Critical Zone Observatory (Puerto Rico). The thick 
(37+ m) Bisley regolith is comprised of ca. 1m of soil 
overlying highly leached saprolite embedded with intact and 
fractured bedrock corestones. The fracture surfaces and 
corestone-saprolite interfaces represent weathering hotspots, 
where the majority of mineralogical transformations and solute 
production occurs.  

We collected high resolution elemental, mineralogical and 
textural transects across thin sections to document mineral 
weathering reactions, weathering fronts and elemental fluxes. 
We have identified the oxidative weathering of sulfide 
minerals as the first weathering reaction; evidence of its 
dissolution occurs >30mm inboard of fractures. The release of 
sulfate during this reaction creates low pH microenvironments, 
initiating dissolution of the surrounding minerals (Fig. 1) and 
creating weathering fronts distinctly different from those 
measured in the overlying saprolite profiles that begin inboard 
of the visible weathering rinds.  

 
 

 
 
 
 
 
 
 

Figure 1: BSE Image showing increased dissolution of a 
pyroxene (Pyx) grain in association with pyrite (Pyr). 

 
We also present mineral weathering rates determined at the 

spatial scale over which they occur (10’s mm), providing 
insight into the reaction mechanisms that dominate solute 
fluxes and initiate regolith formation. These mechanisms and 
their rates differ significantly from those interpreted from 
stream solute fluxes or whole regolith-integrated profiles. 
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Iron –oxidizing microbial communities of limited diversity 

inhabit acidic thermal springs (pH ~3, >65 oC) in the Norris 
Geyser Basin of Yellowstone National Park. These systems are 
generally depleted in carbon (dissolved organic carbon content 
of ≤ 0.6 ppmC and ~ 1 wt% C within the mat itself) and show 
low autotroph abundance (~ 75 % of microbial sequences are 
associated with strict heterotrophy), suggesting a high demand 
for organic compounds produced by autotrophic processes 
within the system. Metallosphaera yellowstonensis is an 
Archaean comprising up to 20 % of the communities in these 
systems (based on sequence reads from several springs). 
Previous work with M. yellowstonensis (Jennings et al, Appl. 
Environ, Microbiol., in review) demonstrates the organism is a 
facultative autotroph. Further, when cultured under autotrophic 
conditions, M. yellowstonensis secretes formaldehyde. We 
sought to understand whether, given the low bioavailability of 
carbon in these systems, formaldehyde secreted by M. 
yellowstonensis could be a carbon currency in its native 
microbial mat.  

We used a 13C label approach to track formaldehyde uptake 
and fate in the mat under ex situ incubations. We observed 
formaldehyde oxidation to CO2 in these incubations suggesting 
its utilization as a metabolic electron donor. Further, we 
measured conversion of formaldehyde carbon into microbial 
biomass, suggesting it may also be a carbon source for a 
heterotrophic component within the system. In both cases, 
conversion of formaldehyde to CO2 or biomass exceeded that 
observed in killed controls suggesting bioactivity. Analysis of 
metagenomic data revealed the presence of the tetrahydrofolate 
formaldehyde pathway, which can catalyze oxidation or 
assimilation (through a formate intermediate) of formaldehyde. 
This pathway is housed in an operon associated with a 
Thaumarchaeota genome observed in the system. Our data 
thus suggests formaldehyde may act as a carbon and electron 
shuttle between two different members of this community; an 
autotrophic and heterotrophic component suggestive of a direct 
interaction between M. yellowstonensis and a Thaumarchaeota 
sp.  
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Hot Lake is a hypersaline, meromictic lake located in a 
closed basin in north-central Washington. Salinity in Hot Lake 
is driven by magnesium sulphate (up to 2 M) and despite this 
extreme salinity, thick (up to 4 cm) laminated, phototrophic, 
benthic mat develops seasonally.  

We used a suite of approaches to track 13C labelled 
substrates into the mat community to probe how metabolic 
interactions impart system-level properties. We performed a 
series of ex situ incubations over a diel cycle using fresh mat 
samples in lake water amended with 13C-labeled bicarbonate, 
acetate, or glucose. Bulk mat stable isotope analysis quantified 
uptake of these substrates into the mat and showed net biomass 
increase during daylight and carbon loss during the night. 
Laser ablation IRMS enabled a spatially resolved localization 
of label accumulation within mat cross sections and permitted 
tracking of subsequent label migration. Intracellular 
metabolomics identified osmolytes (including glucose and 
trehalose) as having very high turnover in the system. 
Interestingly, different intramolecular labelling patterns were 
observed in compounds such as 3-hydroxybutanoic acid and 3-
hydroxypentanoic acid, suggesting different biochemical 
processing of added acetate and glucose. Protein stable isotope 
probing showed that phototrophic species most rapidly 
accumulated labelled bicarbonate in their biomass.  
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Climate change is likely to impact the amount and timing 

of groundwater influx to streams in high elevation basins. 
Earlier runoff may lead to cessation of late season baseflow, 
which is crucial for maintaining riparian ecosystem health. The 
goals of this study were to identify locations or reaches where 
groundwater enters streams and to quantify groundwater influx 
along two subalpine streams in the Tahoe Basin of the Sierra 
Nevada, California. Radon, a naturally-occurring, dissolved 
gas isotope found in surface water only in proximity to 
groundwater inputs, was measured along a 3 km reach of 
Squaw Creek and a 1 km reach of Martis Creek. A mass 
balance model of stream radon activity that considered only 
groundwater discharge as a radon source, and gas emanation as 
a radon sink was used to fit observed radon stream activities by 
varying groundwater discharge along the length of the streams. 
To quantify the gas emanation rate, we continuosly introduced 
a xenon tracer at a single station via submerged gas permeable 
silicon tubing and measured its concentration at 8 downstream 
locations. In Martis Creek (see figure),we used the smoothly  

 
decreasing Xe tracer profile to determine the gas transfer 
velocity for this 1-km reach. Radon also decreases, but at a rate 
less than predicted from gass loss. Radon mass balance 
requires groundwater influx of 3 m3/m/d upstream to 2 m3/m/d 
downstream along this reach. 
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The key to understanding the history of planetary and 

asteroidal bodies is the accurate and precise determination of 
the timescale over which they developed. Absolute dating of 
planetary materials remains a primary goal of planetary 
research. Given the success of recent unmanned missions to 
Mars (e.g., Spirit, Opportunity, Curiosity) in understanding 
geological processes, development of an in situ numerical 
dating instrument packages for future robotic missions is a 
logical next step.  

Several ongoing programs of research are seeking to 
develop instrument packages for in situ application of the K-Ar 
technique (e.g., [1,2]). For terrestrial rocks, the K-Ar method 
has largely been replaced by the 40Ar/39Ar technique, which 
can determine thermal histories and provide internal reliability 
assurance. The 40Ar/39Ar method is the most promising 
geochronometer for obtaining accurate ages and thermal 
histories for rocks on the Martian surface but relies on the 
39K(n,p)39Ar reaction so that 39Ar can be measured as a proxy 
for the parent element K. As the mass and power requirements 
of a nuclear reactor are not compatible with spaceflight, an 
alternative neutron source must be employed. Here, we 
examine the potential of 252Cf, which generates neutrons 
through its decay by spontaneous fission. 

We will present initial results from neutron modeling and 
technological considerations towards the development of an in 
situ dating package, including a 252Cf neutron source, a 
subcritical 235U neutron multiplier, quadrupole noble gas mass 
spectrometry, and sample drilling and handling strategies.  

 
[1] Farley et al 2013, GCA. [2] Farley et al 2013, Science. 
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Potassium stable isotopic (41K/39K) compositions are 

notoriously difficult to measure. TIMS measurements are 
hindered by variable fractionation patterns and too few 
isotopes to apply an internal spike method for instrumental 
mass fractionation corrections. Internal corrections via the 
40K/39K ratio can provide precise values and are appropriate in 
some cases (e.g. identifying excess 41K [1]) but not others (e.g., 
determining fractionation effects and metrologically-traceable 
isotopic abundances). SIMS analyses have yielded results with 
0.25‰ precisions [2]. Improved precision with the technique 
presented here identifies the first conclusive evidence for 
terrestrial K isotopic fractionation. 

We measured δ41K values (41K/39K relative to NIST SRM 
999b) on NIST K standards with < 0.05‰ precisions (2σ) on 
the Thermo Scientific NEPTUNE Plus MC-ICP-MS. 39K and 
41K were sufficiently resolved from the interfering 38ArH+ and 
40ArH+ peaks in wet cold plasma and high-resolution mode. 
Measurements were made on narrow but flat, interference-free, 
plateaus (ca. 50 ppm by mass width for 41K). Although ICP-
MS does not yield accurate 41K/39K values due to significant 
instrumental mass fractionation (ca. 6%), this bias is 
sufficiently stable that relative 41K/39K values can be precisely 
determined via sample-standard bracketing. Measurement 
tolerances on matrix effects that are amplified by the cold 
plasma were tested; the use of clean samples and standards is 
critical.  

Most high temperature phases from a diverse range of 
whole rock and mineral samples yield δ41K values that span a 
range of 0.4‰. A few samples yield more extreme values, 
which indicate geological processes that may be informed by 
forthcoming work. In particular, there are indications for 
seawater recycling in subduction zones and fractionation 
during the formation of pegmatites. These and other potential 
future applications of stable K isotopic measurements will be 
discussed. 

 
[1] Wielandt and Bizzarro, 2011. [2] Humayun and Clayton, 
1995. 
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Field strength (valence/square of cation-oxygen distance) 

of network modifier cations has long been known to have 
important effects on oxide glass and melt properties, but 
effects on network structure can be complex. This interplay of 
network cation coordination changes is relevant not only to 
glasses used in advanced technologies, but may bear on 
processes in aluminosilicate melts at high pressures. In one 
example of recent work on two series of Ba, Ca, La and Y 
aluminoborosilicates with B/Si ratios of 2 and 4, we report 
systematic variations in boron and aluminum coordination 
determined by high-field MAS NMR, and glass transitions and 
heat capacities from differential scanning calorimetry. Data on 
glasses with different fictive temperatures allow B and Al 
speciation to be compared on an isothermal basis, rather than 
as conventionally done for as-quenched structures. 
Temperature and compositional effects can thus be isolated. 
These data and comparison to previous studies on glasses with 
lower B/Si ratios (0.2 to 0.8) clearly shows that higher 
modifier cation field strength increases the fraction of five- and 
six-coordinated Al in all compositions, as has been seen in a 
number of previous studies of ambient pressure and high 
pressure aluminosilicates. In contrast, the previously 
documented trend towards more three-coordinated boron (and 
thus more non-bridging oxygens, NBO) in low B/Si glasses 
with higher field strength cations reverses in high B/Si and in 
high NBO compositions. Remarkably, a similar effect is seen 
in recent work on binary borate glasses when comparing Na, 
Ba and Ca. Al and B coordination numbers both decrease with 
higher fictive temperature in the aluminoborosilicate glasses 
studied here, suggesting a simple mechanism of coupled 
structural change. 
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The Pariette Draw watershed in northeastern Utah is an 

arid landscape where trace elements such as selenium (Se) and 
boron (B), which are released during weathering, can become 
concentrated in salt phases (predominantly sodium sulfate) that 
form in soils. Disturbance of soil and local hydrology by 
natural processes and anthropogenic activities (farming, 
mining, oil/gas development and urban growth) can result in 
dissolution of these salts and mobilization to surface and 
ground water. Diverted irrigation water in the upper watershed 
makes Pariette Draw Creek perennial and sustains a BLM-
managed wetland near the watershed outlet. Water in the draw 
is in violation of state and federal water quality criteria for 
total dissolved solids, Se and B. This study provides a 
geochemical context to understand source, mobility, transport 
and storage of contaminants in the watershed and seeks to 
predict how changes in land use may alter the fate and flux of 
these soluble contaminants. 

The likely source of sulfur, Se, and B is ash layers in the 
now eroded Upper Uinta Formation. We hypothesize that these 
elements were transported into the Lower Uinta Formation 
sandstone aquifers during weathering and were immobilized 
by reduction and sorption. Modern weathering of the Lower 
Uinta Formation releases sulfate and selenate via oxidation and 
B via desorption from clays.  

Irrigation in the upper watershed transports salt, Se and B 
to the streams resulting in the exceedance of water quality 
standards, however, over time this has decreased extractable 
amounts in the agricultural soils. In the wetlands, significant 
amounts of sulfate and Se are removed to the sediment through 
reduction and B by sorption. Therefore, land use change that 
results in the irrigation of new fields or oxidation of wetland 
sediment would result in additional mobilization of 
contaminants in the watershed. 



 Goldschmidt2014 Abstracts  
 

 

1734 

1734 

Measurement of hydrogen in igneous 
feldspars by FTIR and SIMS: 

progress towards a quantitative 
geohygrometer 

JED L. MOSENFELDER1*, GEORGE R. ROSSMAN2 
AND ELIZABETH A. JOHNSON3 

1Department of Earth Sciences, University of Minnesota, 
Minneapolis, MN 55455, USA  
(*correspondence: jmosenfe@umn.edu) 

2Division of Geological and Planetary Sciences, California 
Institute of Technology, Pasadena, CA 91125, USA 

3Department of Geology and Environmental Science, James 
Madison University, Harrisonburg, VA 22807, USA.  

 
Renewed interest in hydrogen incorporation in feldspars 

has been driven by recognition of their potential to record 
magmatic water contents, both in terrestrial [1,2,3] and lunar 
systems [4]. Yet, problems remain with quantification of trace 
H in feldspars. Accurate measurement by FTIR is limited by 
the need to collect polarized spectra from three mutually 
perpendicular directions. This can be impractical when crystals 
are small and/or twinned or compostionally zoned, as 
commonly observed for phenocrysts or feldspars grown in 
experiments. SIMS or NanoSIMS are attractive alternatives to 
FTIR, offering high spatial resolution, high precision, and the 
feasibility of detection limits below 5 ppm H2O [5]; accuracy, 
however, depends on establishment of good standards. 

We compared new FTIR and SIMS data for 19 previously 
studied [6,7] feldspars, including plagioclase, anorthoclase, 
sanidine, orthoclase, and microcline. FTIR-SIMS correlations 
for individual sets of samples with similar IR spectra yield 
excellent statistics (r2 = 1) if one near end-member anorthite is 
excluded (suggesting the possibility of a significant matrix 
effect related to Ca). However, differences in calibration slopes 
for microcline vs. sanidine vs. plagioclase/anorthoclase 
provide evidence that the IR absorption coefficient has a 
significant wavenumber dependence. We have also identified 
some errors in previous work that improve the calibration of 
the IR absorption coefficient determined by NMR [6]. We are 
using these fundamental calibration efforts as a basis for 
further studies of natural and experimental samples to develop 
a precise feldspar geohygrometer.  

 
[1] Johnson (2005) GCA 69, A743 [2] Seaman et al (2006) Am 
Min 91, 12-20 [3] Hamada et al (2013) EPSL 365, 253-262 [4] 
Hui et al (2013) Nat Geosci 6, 177-180 [5] Mosenfelder et al 
(2011) Am Min 96, 1725-1741 [6] Johnson & Rossman (2003) 
Am Min 88, 901-911 [7] Johnson & Rossman (2004) Am Min 
89, 586-600 
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Neptune-sized extrasolar planets with close-in orbits 
(generally known as “hot Neptunes”) have become a common 
constituent of the growing population of exoplanets and 
planetary candidates. Based upon current views of exoplanet 
formation, many of these objects are expected to possess heavy 
element abundances (that is, elements heavier than hydrogen 
and helium) greatly in excess of solar ratios. Planets with high 
metallicities (10-10,000x solar) could display a wide range of 
atmospheric compositions, ranging from hydrogen-dominated 
atmospheres (similar to Uranus and Neptune), to Venus-like 
CO2-dominated atmospheres, to more exotic metallic and 
oxygen-rich atmospheres, depending on the planet’s formation 
and evolutionary history.  

In this study [1,2] we use thermochemical equilibrium and 
kinetics/transport disequilibrium models to investigate the 
influence of temperature, metallicity, and element abundance 
ratios (in particular the C/O ratio) on the chemistry and 
composition of hot Neptune atmospheres. From these 
parameters alone, a wide range of planetary compositions is 
chemically plausible for hot Neptunes, from low metallicity, 
H2-rich, Neptune-like atmospheres to high metallicity, H2-
poor, H2O, CO, CO2, and O2-dominated atmospheres.  

We applied our model results to the case of GJ 436b, a 
1.4MNep, 1.1RNep planet orbiting its host star at 0.03 AU. We 
find that a very high atmospheric metallicity is expected to 
yield a CO-rich, CH4-poor atmosphere, providing a physically 
and chemically plausible model consistent with Spitzer 
secondary eclipse data for GJ 436b [3-5]. The possible 
chemical consequences of high metallicity and/or nonsolar 
C/O abundance ratios should therefore be considered for GJ 
436b and other hot Neptunes. 

 
[1] Moses, J. I. et al ApJ, 763, 25 [2] Moses, J. I. et al ApJ, 
777, 34. Stevenson, K. B. et al 2010, Nature, 464, 1161 [3] 
Madhusudhan, N. and Seager, S. 2011, ApJ, 729, 41 [4] Line, 
M. R. et al 2011 ApJ 738, 32 
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Understanding radionuclide-mineral interactions is 

important in management of the nuclear legacy and in the 
safety case for a geological disposal facility where preductions 
of radionuclide behaviour are needed over decades to hundreds 
of thusands of years. In natural and engineered environments, 
radionuclide transport paths will depend on the interaction 
between radionuclide species in solution such as (UO2

2+)aq. 
and the surfaces present. 

Achieving a mechanistic understanding of these surface 
interactions allows non-equilibrium and kinetic considerations 
to be taken into account and takes us beyond a simple partition 
(KD) approach to these systems such that model predictions are 
underpinned. Bulk EXAFS provides information on 
adsorbates, but gives an average and usually static picture. To 
achieve a better understanding of the evolution of the system, a 
dynamic approach,which isolates the surface species on a 
particular crystal face, is often required. We have developed in 
situ fluorescence ReflEXAFS set-up on the I18 beamline at the 
Diamond Light Source as part of the EPSRC/NDA sponsored 
AMASS consortium. To date we have been able to monitor 
uranium and stable strontium surface sorption from a flowing 
solution on to a single crystal surface over a period of a few 
hours. The supernatant solution can then be rinsed out and the 
surface radionuclide species identified by XAFS. 

In our initial active material 
experiments we have studied the 
sorption of uranyl species under nuclear 
legacy relevant conditions on to 
representative crystals. These are model 
surfaces for the iron- and magnesium- 
oxide components of the system. At 
concentrations in solution below 
saturation we see the formation of 
uranyl carbonate species indicating that 

these surfaces enhance the precipitation of uranium under these 
conditions.  

 
Figure 1. 
Photograph of the 
in situ cell on I18 
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Introduction 
 In the context of ecological risk assessment as well as 

phytomanagement of contaminated soils, the simultaneous 
investigation of the biogeochemistry of metal(loid)s and their 
ecotoxicological effects shows several advantages compared to 
the determination of the total metal(loid) concentrations in 
soils establish the hazard source but delivers little information 
on the risks. Several investigations were performed to assess 
the speciation, phytoavailability and potential remobilisation of 
metal(loid)s such as Zn, Pb, Cd, As and Sb in contaminated 
soils. 

Material and methods 
Surface soils were sampled from a metallophyte grassland 

contaminated with Zn, Pb and Cd located at Mortagne-du-
Nord (MDN) (North France) and from a former mining settling 
basin contaminated with As, Pb and Sb located at la Petite 
Faye (LPF) (Limoges district, France). Two sequential 
extraction schemes were used to evalute the metal(loid)s 
speciation. Soil solution was extracted by Rhizons and DGT 
(diffusive gradients in thin films) were deployed in the soils to 
assess the remobilisation of metal(loid)s. To assess the 
metal(loids) phytoavailability, a serious of selective single 
extraction procedures were used together with short-term 
germination tests with dwarf beans whose shoots were 
analyzed for their biometrical parameters, metal(loid)s 
concentration and mineralomass. 

Results and conclusion 
Results indicates that Zn, Cd and Pb were mainly 

associated with the acid soluble and reducible fractions for 
MDN , while As, Sb and Pb were mostly associated with 
residual fraction for LPF. Metal(loid)s concentrations in the 
bean shoots showed a positive correlation with their 
extractable concentrations and also soil exposition determined 
by DGT.  
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The serpentinization process involves the mass transfer of 
elements by interaction of ultramafic minerals olivine, 
pyroxene and spinel with externally dervived fluids. Major 
element mobilization and the controlling parameters are still in 
contention, particuarly with regards to Fe mobility and 
magnetite formation. 

Serpentinization progression is recorded in a series of vein 
types. Early rock-dominated veins replacing olivine, type 1 and 
type 2, are dominated by serpentine ± brucite [1]. Late fluid-
dominated, type 3 veins replacing olivine [1], and locally fluid-
dominated type 2 veins, contain serpentine ± magnetite. Type 
O serpentine veins cross-cut pyroxene as an extension of type 
2 veins, however type O veins are devoid of brucite and 
magnetite. 

Within serpentinized dunites, Fe mobility is recorded by an 
increase in Mg# (Mg#=Mg/(Mg+Fe)*100)) from serpentine in 
type 1 to type 3 veins. Brucite associated with each vein type 
records the same trend in Mg#. Dunite protoliths produce the 
most magnetite-rich serpentinites. 

Within serpentinized harzburgites an increase in Mg# is 
still observed from type 1 to type 2 veins. However, type 3 
veins record a decrease in Mg# with respect to type 2, and 
corresponding increase in the Fe-content of the serpentine.  

Here we propose, as serpentinization progresses, increases 
in aSiO2 and changes in the redox budget of the fluid result in 
instability of ferroan-brucite formed in early vein-types [1][2]. 
The destabilization of brucite by higher aSiO2, combined with 
an increase in fO2 results in the formation of serpentine and 
magnetite [1][2]. Dunites have optimal conditions for 
magnetite formation. However, if aSiO2 is high enough, as in 
serpentinized pyroxene domains, brucite formation will not 
occur, resulting in serpentine as the main Fe-bearing phase 
[1][2]. 

Carefully measured in-situ analyses of serpentine, avoiding 
magnetite, show increase in Fe-content of type 3 veins within 
serpentinized harzburgite as a result of increasing aSiO2 driven 
by breakdown of pyroxene within the harzburgite. Transfer of 
elements between serpentized olivine and serpentinized 
pyroxene domains is crucial for the distinct mineral 
parageneses and Fe-contents observed [1][2]. 
 
[1] Frost et al 2013. Lithos, 72 (22), 5457-5474 [2] Evans et al 
2013. Lithos, 178, 24-39 
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Since 1995, the West Basin Municipal Water District 
(District) in Carson, California has injected recycled water 
(RW) blended with potable water into the WCBBP to combat 
seawater intrusion. Current maximum allowable recycled 
water content in the injected water is 75%. The California 
Regional Water Quality Control Board has authorized the 
District to inject 100% RW, but the District must first satisfy 
California Department of Public Health (CDPH) requirements 
for verification of travel time through RW content in one or 
more of the three major aquifers.  

Since 2008, Todd Groundwater has been conducting 
intrinsic tracer studies related to the WCBBP to: (1) determine 
if travel time and RW content could be verified in one or more 
compliance monitoring wells, (2) confirm whether CDPH 
requirements for injecting 100% recycled water have been 
satisfied, and (3) assess effectiveness of WCBBP in combating 
seawater intrusion. We have evaluated intrinsic water quality 
parameters using various geochemical plotting methods, such 
as Brine Differentiation Plots (see below), breakthrough 
curves, stable isotopes, and other tracers to bring the project 
into compliance with CDPH requirements. 
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Energy extraction using horozintal drilling and hydraulic 

fracturing technologies in deep hydrocarbon-bearing shales 
significantly alters biogeochemical conditions and microbial 
ecological function at depth. We tracked changes in microbial 
community dynamics and functional potential via genome 
reconstruction over an 11-month period in fluids produced 
from three wells drilled and fractured in the Marcellus shale. A 
marked shift in 16S rRNA sequences occurred over time; 
communities shifted from low-salt tolerance, mesophilic 
aerobic bacteria to dominance by halophilic, thermotolerant 
anaerobic bacteria and archaea. Genomes from halotolerant 
microorganisms, including Halolactibacillus, Vibrio, 
Marinobacter, Halanaerobium and Halomonas, encoded the 
potential for fermentation, hydrocarbon oxidation, and sulfur-
cycling metabolisms, while Arcobacter contained potential for 
chemoautotrophic sulfide oxidation metabolism. Relative to 
earlier samples, the 11-month samples were enriched in genes 
for the acquisition and degradation of aromatic compounds, 
sulfur, iron, and nitrogen, supporting the importance of these 
processes in later produced fluids when anaerobic conditions 
prevail. In addition, enzymes responsible for taurine reduction 
were detected several months after fracturing, suggesting this 
metabolism may be important when oxidized sulfur species 
(e.g sulfate) are depleted from injected fluids via abiotic 
reactions or microbial consumption within the shale. Later 
time points also show the enrichment of microorganisms 
closely related to Methanohalophilus and Methanolobus. These 
methanogens are known to disproportionate methylamines, and 
the recovery of genes associated with the fermentation of 
trimethylamine to dimethylamine suggests a pathway for 
methane production exist within detected genomes. These data 
provide preliminary insight into the microbial changes that 
occur from hydraulic fracturing in currently understudied deep 
shale ecosystems. 
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We are currently studying the most primitive groups of 
carbonaceous chondrites (hereafter CCs) to gain insight into 
the physico-chemical processes that were promoting aqueous 
alteration of their parent bodies [1]. We use different analytical 
techniques (SEM+EDX, micro-Raman, ICP-MS and GC-MS) 
to study the formation conditions of aqueously altered CCs. 
From this multiple approach we plan to study the minerals 
formed by aqueous alteration and the circumstances in which 
organic matter might have experienced significant processing 
concomitant to the formation of clays and other minerals. 
Several lines of evidence exist in this regard, e.g., clays have 
been found to be associated with complex organics [2,3]. 
Furthermore, analytical studies appear to correlate the abiotic 
chemistry of carbonaceous chondrites with extant 
biomolecules including e.g. an L-enantiomeric excess for some 
meteoritic amino acids [4,5,6]. Several meteoritic α-methyl-α-
amino acids rare in the terrestrial biosphere have L-
enantiomeric excesses in Murchison, Murray and Orgueil 
[4,5]. It has been also suggested that amplification of a small 
initial L-enantiomer excess during aqueous alteration on the 
meteorite parent body could have led to the large L-
enrichments observed for aspartic acid and other amino acids 
in Tagish Lake [6]. We wish to obtain additional clues on the 
physical processes promoting aqueous alteration [7]: 
gravitational sintering, impact shock, etc. and the importance 
in matrix amorphitization. There is therefore growing evidence 
pointing towards a prebiotic synthesis of complex organic 
species in water-rich undifferentiated bodies. Interdisciplinary 
research is needed to significantly enrich our knowledge on 
this quickly progressing discipline. 

 
[1] Trigo-Rodríguez et al (2014) MNRAS 437, 227-240 [2] 
Pearson et al (2002) MAPS 37, 1829-1833 [3] Garvie & 
Buseck (2007) MAPS 42, 2111-2117 [4] Pizzarello and Cronin 
(2000) GCA 64, 329-338 [4] Glavin & Dworkin (2009) PNAS 
106, 5487-5492 [5] Glavin et al (2012) MAPS 47, 1347-1364 
[6] Trigo-Rodríguez et al (2006) GCA 70, 1271-1290 
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Volatile elements play a fundamental role in the evolution 

and differentiation of planets. However, our understanding of 
how volatile budgets were set in planets, and how and to what 
extent planetary bodies became volatile-depleted during the 
earliest stages of Solar System formation remain poorly 
understood. It has been proposed that the depletion is due to 
incomplete condensation (volatile elements were not there in 
the first place, in which case the timing would have to be very 
fast, <1Myr), or that the different bodies lost volatile elements 
by evaporation (post-accretion volatilization). Volatilization is 
known to fractionate isotopes, thus comparing the isotope 
compositions of volatile element between samples is a very 
powerful tool for understanding the origin of volatile element 
abundance variations. For example, recent work has shown 
that lunar basalts are enriched in the heavier isotopes of Zn (~1 
‰ for 66Zn/64Zn) compared to chondrites, terrestrial and 
martian basalts. We will discuss these Zn isotopic data, as well 
as other stable isotopic systems (e.g., Si) in relation with the 
giant impact origin theory of the Moon as well as the lunar 
magma ocean and expand to other parent bodies (e.g., angrite 
parent body). 

The timescale of depletion in volatile elements of Solar 
System material is estimated by using radiogenic systems for 
which the parent and daughter elements have different 
volatility. Here we will focus on the Rb-Sr and Mn-Cr isotopic 
systems and discuss the timescales and the implications for the 
origin of volatile element depletion (solar nebula stage vs. 
planetary stage).  
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Groundwater pumped from gray Holocene sands often 
contains high level of arsenic (As) in South and Southeast Asia 
whereas groundwater in contact with brown or orange 
Pleistocene sands is low in As. The Holocene to Pleistocene 
transition is somewhat arbitrary because it is based on 
sediment color, which is susceptible to change, and rarely 
directly dated. We explore here the possibility of using a 
weathering index that relies on the ratios of relatively soluble 
(or mobile) elements such as Ca and Sr to less soluble (or 
immobile) elements such as Zr and Ti as a proxy to define the 
Holocene-Pleistocene transition. The data were obtained with a 
hand-held X-ray fluorescence analyzer on 214 samples of drill 
cuttings in the 1.5-75 m depth range from 3 study sites 
distributed across a 1 km2 area of Araihazar, Bangadesh, where 
the bulk organic carbon from 14 locations was radiocarbon 
dated (Fig. 01). The data show that Ca/Zr, Sr/Zr, Ca/Ti, and 
Sr/Ti ratios obtained from these measurements are 
systematically 2-2.5 fold higher in Holocene sediments than 
that in Pleistocene sediments, irrespective of grain-size. The 
contrast appears to be driven by a combination of authigenic 
precipitation of carbonates in Holocene deposits and 
dissolution and flushing due to subaerial exposure in 
Pleistocene sediments during the last sea-level low stands ~20 
kyr BP. This approach may provide a low-cost alternative to 
radiocarbon dating to distinguish gray Holocene sands from 
gray Pleistocene sands that were reduced by an influx of 
reactive dissolved organic carbon. 
 
 
 
 
 
 
 
 
 
Fig 01. Comparison between Holocene and Pleistocene 
sediment Ca/Zr and Sr/Zr ratios. 
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Groundwater arsenic (As) in high concentrations in 
shallow aquifers of Bangladesh is well known for more than a 
decade. Due to the complex fluvio-deltaic geology and 
spatially variable hydrostratigraphy, safe depths to the low 
arsenic horizons are not well constrained. Our current study at 
Matlab, SE Bangladesh shows the existence of a redox-
chemocline (RC) at about 40 m b.g.l., which demarcates the 
reducing (above) and oxidizing (below) aquifer conditions. 
The RC is a physico-chemical interface where the redox-
sensitive parameters display a marked change. We propose 
that, combining the concept of RC with a rigorously developed 
sediment color tool will provide the local drillers with an 
inexpensive, simple As mitigation technique. Analytical results 
of a total of 155 groundwater samples obtained in 2009 over a 
depth range of 10-300 m across a ~400 km2 area at Matlab 
demonstrate that, the mean groundwater Eh, Astot, Fetot, NH4

+-
N, and PO4

3--P above the RC are significantly higher than that 
measured below the RC. Groundwater Mn2+ concentration, 
however, is low above the RC; reach its peak within the first 
tens of meters below the RC and remains consistently low 
thereafter. The dual nature of Mn2+ below the RC is attributed 
to variations in redox status within the different groups of 
oxidized sediments [1]. Sediment cuttings retrieved from 
above and below the chemocline are primarily characterized by 
gray/black and red/off-white/white colours, respectively. These 
colours are assigned in the field using Munsell soil colour 
charts. If the local drillers of Matlab and elsewhere in 
Bangladesh can be trained to recognize the typical oxidized 
sediments’ colours below the RC, this method will stand the 
test of time as a reliable As mitigation option. 

 
[1] von Brömssen M. et al (2007). Science of The Total 
Environment 379 (2–3), 121–132 
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Under equilibrium conditions, heavier isotopes are 

typically enriched in the denser phase. Likewise, oxygen-18 is 
enriched in sea ice with respect to the parent seawater solution. 
Nevertheless, the isotopic fractionation is subject to kinetic 
effects related to the rate at which sea ice forms.  

In 2010 and 2011, we collected surface seawater and the 
co-existing, newly formed sea-ice (pancake ice and frazil ice) 
in Lancaster Sound near Resolute Bay in the Canadian Arctic 
Archipelago. The isotopic composition (δ2H and δ18O) and 
practical salinity (SP) of the surface seawater and sea ice were 
analyzed and results reveal a linear relationship between the 
difference in the isotopic composition (δ18Oice – δ18Osw and 
δ2Hice – δ2Hsw) and salinity (SP-SW – SP-ice; a proxy of the rate of 
sea-ice formation) of the sea ice and surface seawater. The 
slope of the relationships is positive and confirms a strong 
kinetic effect on the fractionation of stable hydrogen and 
oxygen isotopes during early sea-ice formation. 
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Increasing commercial success of horizontal drilling and 

hydraulic fracturing has been matched by heightened societal 
concerns for the safety of the environment. Mature shale gases 
worldwide are characterized by otherwise rare isotopic 
reversals and/or “rollovers” that are now routinely used in 
exploration and production of shale gas, but these same 
isotopic reversals are also definitive forensic fingerprints. 
Consensus is developing that problem gases at well sites need 
not come from the targeted, fractured, formations but may 
originate from shallower gas bearing zones due to poor 
wellbore integrity. Gas in an aquifer or soil may have migrated 
along a poorly cemented or damaged wellbore. The specific 
source depths of the problem gases collected at surface can be 
deduced by comparing their methane, ethane, propane and 
butane δ13C values to nearby gas isotope mud logs. Examples 
of how this isotopic approach has identified the source depth of 
stray gases in soils, well cellars, and various casings at, 
multiply-fractured, multipad, horizontal wells from the Horn 
River and Montney plays will be discussed. It will be shown 
that problem gases can originate from various depths, at 
different wellbores, even if on the same well pad. 
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Baltic and Bitterfeld ambers are well known for their 

exquisite fossil inclusions, especially insects. Because of over-
arching similarities with respect to visual appearance, chemical 
composition, inclusion assemblage composition, and proximity 
to forests of the Paleogene Tethyan margin, these two ambers 
have not yet been differentiated definitively, leading to 
ongoing debate as to whether or not they are coeval. We 
combine FTIR, ToF-SIMS, and stable isotopic analyses (δ13C 
and δD) to establish that Baltic and Bitterfeld ambers differ 
markedly in their geochemical properties, and are thus likely to 
represent distinct deposits in both space and time. Baltic amber 
has a greater succinate content relative to Bitterfeld amber, but 
less dehydroabietic acid. Although both ambers have δ13C 
(Baltic, -23.6±1.0, n=77; Bitterfeld, -23.9±1.7, n=34), δD is 
consistently depleted (by ~30‰) in Baltic amber (-277±22) 
relative to Bitterfeld amber (-256±9), reflecting coherent 
paleolatitudinal differences between their respective source 
areas, that is, a diachronous northward shift of the pan-Tethyan 
catchment during the Paleogene. We surmise that the two 
deposits are geologically distinct despite taxonomic similarities 
between their respective arthropod records, with implications 
for improving our understanding of the temporal persistence of 
individual insect taxa. 
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One of the enduring geochemical paradoxes for Earth is 
the apparent contrast between the petrogenetic processes and 
bulk compositions that characterize modern arc systems and 
the composition and structure of modern continents. Here we 
relate this paradox to the “Pb-paradox”, which refers to the fact 
that the uranogenic Pb isotopic compositions of the depleted 
mantle (DM) sampled by mid-ocean ridge basalts (MORB) 
require an integrated 238U/204Pb (µ) greater than its current 
value (<5) and greater than that of the bulk silicate earth (BSE, 
~8.5) for the last ~4.5 Ga (i.e., plot to the right of the 4.53 Ga 
Geochron). This paradox requires formation of complementary 
high-µ and low-µ reservoirs in the Hadean-Archean in order to 
generate the elevated 207Pb/204Pb compositions needed to 
eliminate the paradox. Because the high-µ reservoir’s enriched 
Pb-isotopic compositions exist within the DM today, it is not 
necessary that this reservoir exist today. In contrast, the low-µ 
reservoir must remain as a physical entity today.  

 We suggest the remnants of these ancient low- and high-µ 
reservoir(s) are preserved in sections of Archean continental 
crust, which reflect both similarities and differences in 
Hadean-Archean mantle melting compared to modern mantle 
magmatism. Today there is a strong contrast between the µ-
values of melts that characterize MORB and plume systems (µ 
>BSE or average continental crust) and arc systems (µ <BSE). 
This difference would be exacerbated in Archean-Hadean 
systems because those surficial environments were not 
sufficiently oxidizing to convert insoluble U+4 to soluble U+6, 
which led to very low µ-values in Hadean-Archean seawater 
and altered oceanic crust. Consequently, early formation of 
high-µ proto-continents over zones of mantle upwelling 
followed by subduction-driven (low-µ) crustal growth beneath 
these proto-continents can solve both paradoxes. 
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Chevkinite-(Ce) and perrierite-(Ce) are the most common 

members of the chevkinite group of minerals. They are 
dimorphs, and both have the general formula A4BC2D2Si4O22, 
where A = REE, Y, Ca, Sr, Th; B = Fe2+, (Mn, Mg); C = Ti, 
Al, Fe3+, Fe2+, Cr, Mn, Mg, Zr, Hf, Nb; and D = Ti. Both have 
been reported from a wide range of igneous, metamorphic and 
hydrothermal rocks types, but occurrences in mafic igneous 
rocks are rare, with minimal chemical and crystallographic 
documentation.  

Chevkinite-(Ce) and perrierite-(Ce) are more abundant 
than has been recognized previously in mafic igneous rocks 
and occur with other Ti-, Zr- and REE-bearing accessory 
phases in eight suites of tholeiitic dolerite from Western 
Australia. They crystallize late in the paragenetic sequence and 
occur as inclusions in igneous amphibole rimming pyroxene, 
or intergrown with quartz, orthoclase and other accessory 
phases in patches of late-crystallizing mesostasis. They are 
significant hosts of incompatible elements, particularly LREE, 
in mafic rocks being more abundant than monazite or allanite.  

Chevkinite-(Ce) and perrierite-(Ce) from mafic rocks have 
distinctive chemical compositions with higher Zr than recorded 
in examples from most other common rock types. Among 
mafic rocks, two chemical groups are recognized based on 
total Fe contents: one with >8 wt% FeO* and one with <8 wt% 
FeO*. While the FeO contents of individual crystals are 
generally constant, the contents of other elements, particularly 
Ca, are more variable. No regular zoning patterns are visible in 
backscattered electron images to account for the compositional 
heterogeneities. 

Crystal structural analysis by electron diffraction indicates 
that the high-Fe group is chevkinite-(Ce) while the low-Fe 
group is perrierite-(Ce). Both minerals can occur within a 
single hand specimen and have the same texural setting, i.e. 
both may be inclusions in amphibole, and both may be 
intergrown with late-stage mesostasis. Minor differences in 
composition between pockets of late melt may explain why 
both polymorphs are found in identical textural settings within 
single rock samples.  
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The giant impact phase of Earth’s accretion likely 

produced multiple magma oceans. In particular, the Moon-
forming giant impact is often thought to have produced a 
whole mantle magma ocean, which should have erased pre-
existing chemical heterogeneities within the Earth. We argue 
that the ratio of 3He to 22Ne in the present day mantle does 
record multiple magma ocean episodes during Earth’s 
accretion. However, the 3He/22Ne ratio of the Earth’s shallow 
depleted mantle is significantly higher than the deep mantle 
indicating that the last giant impact did not generate a whole 
mantle magma ocean. Although the energy associated with the 
Moon-forming giant impact was sufficient to melt the whole 
planet, the impact energy is heterogeneously deposited;	   the 
impacted hemisphere is shocked to the point of partial 
vaporization, but the opposite hemisphere experiences modest 
heating that does not result in completely melting. As a result, 
chemical heterogeneities persist through the giant impact phase 
of accretion. 

Additional evidence for the preservation of early-formed 
heterogeneities in the deep mantle is provided by 129Xe/130Xe 
ratios. Deep mantle plumes have a lower ratio of 129Xe/130Xe 
compared to the source of mid-ocean ridge basalts (MORBs). 
The Xe signature requires a region of the deep mantle to be 
less degassed and to have separated from the shallower MORB 
source by 4.45 Ga (since 129I, which produces 129Xe, is extinct 
after ~100 Ma); i.e., neither the giant impact phase nor mantle 
convection has efficiently homogenized the mantle. 

The persistence of noble gas signatures produced very 
early in Earth history, such as those associated with the 129I-
129Xe system, may appear to be in conflict with other extinct 
nuclide systems such as 146Sm-142Nd or 182Hf-182W. While 
isotopic anomalies in ε142Nd and ε182W are present in the 
Hadean and Archean mantle, the present-day mantle appears to 
be homogeneous. The observation requires Sm-Nd and Hf-W 
fractionation within the first few hundred Ma but also the 
subsequent destruction of the chemical fractionation through 
recycling and mantle mixing. A simple explanation for why the 
noble gas signature still persists in the present-day mantle may 
be the lower recycling efficiency of the noble gases compared 
to elements like Nd and W. 
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Debate continues over the roles of mantle heterogeneity 

and variable slab inputs in generating diverse primitive lavas in 
the Cascade Arc, which include calc-alkaline basalt (CAB), 
high-alumina olivine tholeiite (HAOT) and intraplate basalt 
[1]. New high precision isotope and trace element data from 
the High Cascades (Shasta, Lassen, Adams, Crater & Medicine 
Lake) and Garibaldi Volcanic Belt (GVB) show that the GVB 
is isotopically distinct with lower 206Pb/204Pb (18.66-18.87) and 
208Pb*/206Pb* (0.914-0.939) and higher εNd (8.5-5.9) than the 
High Cascades (206Pb/204Pb: 18.82-19.08, 208Pb*/206Pb*: 0.937-
0.953, εNd: 6.5-3.4). The difference reflects less subducting 
sediment input to the GVB and another depleted mantle 
component [2] that is not present in the High Cascades. Glacier 
Peak HAOT, located at the geographical intersection of the 
GVB and High Cascades, has the lowest 206Pb/204Pb and 
highest εNd and εHf, and is an anchor from which three arrays of 
Cascade data emanate in all isotopic systems. The first array 
includes Glacier Peak and the High Cascades (except Adams 
HAOT) and intersects the composition of bulk Northern 
Cascade subducting sediment [3]. HAOT and CAB display no 
systematic isotopic difference. A second array, with a 
shallower slope in Pb-Pb plots, is defined by Adams HAOT 
alone, and a third, with an even shallower slope, by Mt. Baker 
basalts. All Cascade arrays intersect at the composition of the 
deep Pacific mantle (“C”) despite major differences in terrane 
boundaries and trace elements. This indicates that the deep 
Pacific mantle is a major constituent of the sub-arc mantle in 
North America.  
 
[1] Bacon et al (1997) Can. Min. 35, 397-423 [2] Mullen & 
Weis (2013) G Cubed 14, 3126-3155 [3] Carpentier, Weis & 
Chauvel, in prep. [4] Nobre Silva et al (2013) G Cubed 14, 
659-676 
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Magnetotactic bacteria (MTB) are a paraphyletic group of 
prokaryotes distinguished by their ability to mineralize 
nanocrystalline magnetite (Fe3O4), greigite (Fe3S4), and/or 
pyrite (FeS2) within intracellular, pseudo-organelles known as 
magnetosomes. This form of biomineralization is tightly 
regulated at the genetic level with the cell controlling chemical 
composition, size, shape, orientation, and magnetic anisotropy 
of the magnetosome crystals. In this study, we use antibodies 
to study a key biomineralization protein called Mms6 within 
the MTB Magnetosprillium magneticum AMB-1. The 
temporal appearance and spatial localization of Mms6 is 
examined using (i) confocal laser scanning microscopy of 
fluorescently labeled Mms-6 in whole cells, and (ii) 
transmission electron microscopy of gold-conjugated, 
immunolabeled Mms-6 thin sections. The results suggest that 
Mms6 is localized transiently within the magnetosome during 
crystal production and that it plays a direct role in the 
formation of magnetite crystals. We are investigating 
additional proteins from MTB with the goal of large scale, in 
vitro fabrication of nanocrystals with tuned magnetic response 
for medicinal or pharmaceutical applications.  
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Integrating bio-, chemo-, magnetostratigaphic and 

geochronologic data from Late Triassic marine and terrestrial 
sedimentary archives has been notoriouly difficult because 
suitable sections lack recognizeable radioisotopically datable 
deposits, are often stratigraphically short, and contain fossil 
assemblages that are difficult to correlate. These complications 
result in a ca. 35 Ma interval from the upper Middle Triassic 
through the Late Triassic (ca. 238 to 202 Ma) for which the 
time scale is poorly calibrated. 

Non-marine deposits of Late Triassic age in the 
southwestern US contain some of the richest fossil biotas, but 
are difficult to correlate globally because of a lack of robust 
geochronological data. Even local correlations are 
compromised by changing lithology over short distances and 
the lack of stratigaphically long sections [1]. Initial U-Pb 
zircon ages from redepostited layers taken from outcrops of the 
Chinle Formation in Arizona and New Mexico show promising 
results but often display a complex age inventory that can at 
best provide maximum ages which are difficult to integrate [2, 
3], particularly if the stratigraphic order is not known. 

We will present U-Pb single zircon CA-TIMS ages from 
outcrop that can now be integrated with complementary 
samples that are taken from a NSF/ICDP funded drill core 
through the Chinle Formation in Petrified Forest National 
Park. Using samples from the core will, for the first time, allow 
us to take advantage of an unambiguous stratigraphic order of 
a long record. In our approach, we seek to identify the 
youngest population of zircons from each layer by U-Pb LA-
ICPMS analyses prior to CA-TIMS analyses. We will then use 
an objective statistical method to determine the probability 
distribution of the apparent age of each sample. These 
geochronological results will be combined with existing and 
new data from bio-, chemo- and magnetostratigraphy from 
outcrop and core. The resulting chronostratigraphic framework 
can then be integrated with terrestrial and marine records from 
elsewhere. 
 
[1] Martz & Parker (2010), PLoS ONE 5(2), e9329 [2] Irmis et 
al (2011), EPSL 309 (3-4), 258-267 [3] Ramezani et al (2011), 
GSA Bulletin 123 (11-12), 2142-2159 
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The mobility of colloids and their association with 

analogue elements (U and rare earth elements: REEs) in deep 
granitic groundwater were investigated at the Mizunami 
Underground Research Laboratory. From the perspective of 
the mobility of colloids, this study proposed technical methods 
for the quality control of groundwater and colloids sampling. 
The groundwater and colloids were sampled from boreholes 
(located at -300 and -400 meters below ground level: mbgl) 
and fractures in the drift wall (-300 mbgl). With respect to 
groundwater sampling from boreholes, anthropogenic colloids 
formed on the borehole wall randomly contaminate 
groundwater. In contrast, groundwater sampled from drift wall 
are expected to consist mainly of natural colloids originating 
from deep granitic groundwater. 

The concentrations of colloid-forming elements (Al, Fe 
and TOC) changed as groundwater was removed from the 
borehole, becoming constant after five sampling interval 
volumes had been replaced. For quality control of groundwater 
sampling from borehole, the mobile anthropogenic colloids can 
be removed by replacing contaminated groundwater in the 
borehole. For the groundwater sampled from fractures in the 
drift wall, the size-fractionated concentrations of the colloid-
forming elements were almost constant, suggesting the effects 
of natural occurring colloids on the groundwater chemistry 
were almost negligible. 

Changes in the concentrations of U in the groundwater 
sampled from boreholes were associated with the colloid-
forming elements. The mobility of U was facilitated by mobile 
anthropogenic colloids as pseudo-colloids. The mobility of 
REE was barely facilitated by the anthropogenic colloids. The 
REE was concentrated with >0.2 µm particles in the 
groundwater sampled from fractures in the drift wall. The 
mobility of REE was facilitated by the natural REE bearing 
materials with >0.2µm of the size. Our results suggest the 
mobility of analogue elements are facilitated by different 
colloidal materials in the deep granitic groundwater. 

 



 Goldschmidt2014 Abstracts  
 

 

1755 

1755 

Transfer of S, Cu and Au to felsic 
magmas by flotation of sulfide melt 

on vapor bubbles 
J. E. MUNGALL1, J. M. BRENAN1, B. GODEL2  

AND S. J. BARNES2 
1Dept. of Earth Sciences, University of Toronto, 22 Russell St, 

Toronto, ON, M5S 3B1  
(correspondance: mungall@es.utoronto.ca, 
brenan@es.utoronto.ca 

2CSIRO, 26 Dick Perry Ave., Kensington, WA, Australia 6151 
(Belinda.Godel@csiro.au, Steve.Barnes@csiro.au) 

 
Field observations of eruptive products and gas emissions 

at felsic volcanic centres reveal anomalously high fluxes of S 
[1] and chalcophile elements like Cu, Au [2] that cannot be 
derived from the felsic magmas themselves. It is commonly 
assumed that pre- or syn-eruptive injection of sulfide-bearing 
mafic magma beneath felsic bodies is the source of the excess 
S and metals, but the mechanism for this transfer without bulk 
mixing of the magmas is not well established. 

Figure 1. X-ray 
tomographic image of 
sulfide melt droplets 
(yellow) suspended from 
the melt-vapor interfaces 
(blue) at the top of a 
basalt melt charge (upper) 
and a floating vapor 
bubble (middle of image). 
Field of view ~ 2 mm. 

We equilibrated Fe-
Ni-Cu-S-O melt with 

synthetic basaltic melt containing ~ 10 wt% FeO at fO2 similar 
to the quartz-fayalite-magnetite buffer and fS2 buffered by 
solid Pt-PtS for 48 hours at 1 atm pressure and 1200 °C, 
encapsulated in an evacuated silica glass ampoule. The charge 
was quenched to glass with minimal physical disturbance. The 
results of this (Fig. 1) and numerous other experiments show 
that, to minimize surface energy, the sulfide melt hangs at the 
basalt-vapor interface, despite being denser than basaltic melt. 
Sulfide droplets will adhere to vapor bubbles during 
vesiculation of sulfide-saturated basalt, providing a simple 
physical mechanism for the upward transfer of sulfide melt 
from basalt into overlying felsic magma bodies in the shallow 
crust, providing S and metals to erupting or ore-forming felsic 
magmatic systems. 

 
[1] Wallace & Edmonds (2011) Rev. Mineral. Geochem. 73, 
215-246 [2] Nadeau et al (2010) Nature Geosci. 3, 501-505 
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The IOCG deposit group includes temporally and spatially 

associated hydrothermal and magmatic end-members which 
are associated with magmas belonging to the shoshonitic 
series, e.g., Olympic Dam, Missouri, El Laco, Great Bear 
Magmatic Zone. They have been interpreted to have formed 
from similar parental silicate magmas along contrasting 
petrogenetic paths involving either immiscible separation of 
Fe-P-O-S magma (e.g., El Laco) or Fe-Cu-S-rich aqueous fluid 
(e.g., Olympic Dam) [1].  

A sample of unconsolidated tephra at El Laco is 86 mol% 
Fe2O3*, 12 mol% FePO4, 2 mol% SiO2 and minor S, REE. 
Ovoid cavities in hematite and magnetite ash particles are 
wholly or partially occupied by vesicular masses of Fe-
phosphate, silica, and trace monazite interpreted to be finely 
crystallized melt with a composition nearly identical to that of 
the eutectic in the FePO4-Fe2O3 system at 1 atm (84 mol% 
FePO4, 1070 °C [2]). We have confirmed this by heating the 
tephra to 1081 °C in an evacuated silica tube, to produce Fe-P-
O melt surrounding magnetite and hematite crystals. 
Ubiquitous occurrences of perlitic shoshonite glass form 
menisci partially lining cavities in oxide lapilli and bombs. 
Experimental equilibration of a synthetic shoshonite melt with 
magnetite, FePO4, H2O and CO2 at 900 °C, 1 GPa produced 
immisicible high-silica rhyolite and Fe-P-O melt. 

We suggest that deep crustal assimilation of Fe-rich 
sedimentary phosphorite by primitive potassic arc magma led 
to immiscible separation of Fe-P-O-S magma that later erupted 
and degassed violently, losing its H3PO4 and SO3 and cooling 
as magnetite lava. Quenched airfall deposits retain some 
phosphate minerals. Large hydrothermal IOCG deposits are 
associated with felsic differentiates of similar potassic magmas 
that need not have previously generated immisicible Fe-P-O 
magmas. 

 
[1] Tornos F, (2011) 11th SGA Biennial Meeting Let's Talk 
Ore Deposits, p. 26-28 [2] Zhang et al (2011) J Amer Ceramic 
Soc 94, 1605-1610 
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The evolution of atmosphere has been related to life, ocean 

chemistry and climate, and investigated intensively using 
various proxies. Paleosols, ancient weathering profiles, can 
reflect the partial pressures of atmospheric oxygen and carbon 
dioxide (pO2 and pCO2, respectively) at the time of weathering, 
i.e., water-rock-atmosphere interactions. The pO2 and pCO2 
levels in the Precambrian, indeed, have been estimated using 
the chemical compositions of paleosols semi-quantitatively and 
quantitatively. We have developed new weathering models to 
quantitatively estimate pO2 and pCO2 levels from Neoarchean-
Paleoproterozoic paleosols. 

For the estimation of pCO2 levels, one of the weathering 
models (i) calculates the cation concentrations in porewaters at 
the time of weathering from those of paleosols, (ii) describes 
the relationships between pCO2, pH and cation concentrations 
based on the charge balance between the cations and anions 
including carbonate species in porewaters, and (iii) finally 
calculates pCO2 levels at a given temperature constraining pH 
by thermodynamics of weathering, secondary minerals. We 
confirmed the validity of the model by applying the model to 
modern weathering profiles. The estimated pCO2 levels at 
~2.8‒1.8 Ga are higher than those to maintain the average 
global surface temperature of the Earth above the freezing 
point of water only by CO2 itself.  

The other weathering model, which considers the steady-
state weathering of Fe, calculates the ratio of the precipitated 
Fe(III)-(oxyhydr)oxides from dissolved Fe(II) to the total 
dissolved Fe(II) during weathering as a function of pO2. The 
Fe(II) oxidation rate law required for the model calculation 
was obtained experimentally. The validity of the model was 
confirmed by applying the model to laboratory experiments 
conducted under different pO2 conditions. The model also 
requires pH of porewater, pCO2, water flow rate and 
temperature which were estimated separately for each paleosol. 
The pO2 levels were estimated to be 10−6.7‒10−5.4 atm at ~2.46 
Ga, 10−5.2‒10−3.2 atm at ~2.15 Ga, 10−3.9‒10−1.2 atm at ~2.08 Ga 
and more than 10−4.6‒10−2.5 atm at ~1.85 Ga. The estimates of 
pO2 are well consistent with the constraints given by mass 
independent/dependent fractionation of sulfur records. 
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The fine-grained (ash to fine lapilli) fallout deposit at the 
base of the Huckleberry Ridge Tuff (HRT: Yellowstone 
Plateau Volcanic Field) contains evidence for intrafall 
reworking, reflecting episodic initial explosive activity 
preceding the voluminous HRT ignimbrite eruptions. Based on 
detailed stratigraphic sampling, we analyzed volatiles, and 
major and trace elements in melt inclusions (MI) in loose but 
glass-coated quartz crystals to investigate differentiation 
processes and storage conditions prior to the caldera-forming 
phases of the eruption. Individual MI analyses allow for the 
reconstruction of melt compositions during crystallization, 
whereas reentrants (unsealed MIs) provide insights into the 
evolution of the magmatic system leading up to eruption. 

Major element compositions of MIs are high-silica rhyolite 
in the studied stratigraphic levels (SiO2 = 75.5-77.5 wt.%). MIs 
in the initial fall layer (< 2-3 cm from base) have the highest 
SiO2 contents and most evolved trace element compositions. 
Concentrations of U (6-10 ppm), Sr (2-12 ppm), Cl (1200-
1800 ppm), and B (9.5-16.5 ppm) plotted versus Rb (180-260 
ppm) show continuous arrays. This range requires ~40% 
crystallization of the least evolved MIs (found in the middle 
and upper portions of the fall deposit) to yield the more 
evolved compositions in MIs in the initial fall layer. MIs in the 
basal layer also contain the highest volatile concentrations 
(~4.4 wt.% H2O, 500 ppm CO2, implying minimum pressures 
of 140-170 MPa, equivalent to depths of 5-6 km) whereas the 
middle and upper portions of the fall deposit contain MIs with 
lower and more varied volatile concentrations (H2O ~2.5-3.5 
wt.%, CO2 ~200 ppm). Variability in MI data for rapidly 
diffusing elements H and Li is attributed to diffusive loss 
during pre- or syn-eruptive decompression. Using a diffusion 
model [1], the timescales for H loss from the majority of MIs 
are on the order of 1-6 days, with some up to several weeks.  

For MIs and reentrants in the same quartz crystal, the 
reentrants have more evolved compositions, suggesting that the 
crystals were erupted with the same magma in which they had 
grown. The range of MI compositions at each stratigraphic 
level, however, shows that crystals from different parts of the 
magma body were co-erupted. Our results thus provide 
evidence for chemical stratification in the earliest erupted 
portion of the HRT magma body. 
 
[1] Cottrell et al (2002). G3, 4, 1-26 



 Goldschmidt2014 Abstracts  
 

 

1759 

1759 

Geochemistry of rocks and vein 
minerals from Mawchi Sn-W 
polymetallic mineralization, 

Myanmar 
AUNG ZAW MYINT12, KOTERO YONEZU1  

AND KOICHIRO WATANABE1 
1Department of Earth Resources Engineering, Kyushu 

University, 819-0395 Japan (aung@mine.kyushu-u.ac.jp) 
2Department of Geology, Yangon University, Myanmar 
 

Trace elements and REE have been determined for rocks 
and mineral separates, such as cassiterite and wolframite, from 
the Mawchi Sn-W polymetallic deposit in Myanmar. Current 
study seeks to determine the source of Sn and W 
mineralization. The granites are characterized by a slightly flat 
REE pattern, with pronounced Eu negative anomaly, whilst 
metasedimentary rocks exhibit a LREE enriched pattern with 
moderate La/SmN (3.09). La/YbN is 2.4 in metasedimentary 
rocks and 0.86 and 0.33 for biotite granite and tourmaline 
granite respectively. Rocks have relatively low Nb/Ta ratios (< 
4) and Th/U ratios (1.1-2.3). Wolframite has a high abundance 
of REE, Y and low content of Nb, Ta (Nb/Ta ratio >18). The 
REE pattern of wolframite exhibits pronounced enrichment of 
HREE and La/YbN is ≤ 0.01. The LREE-depleted and HREE-
enriched pattern is quite different from the enclosing rocks, 
probably due to post-magmatic hydrothermal fluid that 
experienced prolonged interaction with the wall-rocks. 
Cassiterite is depleted in HREE and Y, and enriched in Ta and 
Nb (Nb/Ta ratio < 2.5). Cassiterite from the cassiterite vein 
shows an REE pattern similar to those of metasedimentary 
rocks. Cassiterite from the cassiterite-wolframite vein is 
characterized by an REE pattern which resembles those of 
wolframite and fluorite and partly to those of granitic rocks.  
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Mercury is a common contaminant in the environment, and 
bacteria are known to play an important role in Hg speciation 
and in the production of toxic methyl mercury. However, 
interaction of Hg at the cell membrane-water interfaces and 
cell uptake can be critical for Hg speciation. 

We investigated the interactions of Hg with different 
Gram-positive and Gram-negative organisms at 
environmentally relevant Hg concentrations, and in the 
presence of Cl- and dissolved organic molecules (DOM). The 
abundance of reactive thiols and the coordination environment 
of Hg at the cell-membrane-water interfaces were explored 
using fluoropores (and potentiometric titrations), and XAS, 
respectively. 

Our studies suggest that Hg2+ forms Hg-(thiol)3 complexes 
below 500 nM of Hg on B.subtilis and S. oneidensis MR-1, and 
the predominant complexes change to Hg-(thiol)2, Hg-thiol, 
and Hg-carboxylate, progressively, as the Hg concentration 
increases. Whereas a methylating bacterium, G. 
sulfurreducens, did not exhibit detectable Hg-(thiol)3 
complexes, although their cell membranes have ~ 4-5 times 
more thiols than S.oneidensis MR-1. These differences in Hg-
thiol complexes at different cell-membrane interfaces may 
have been caused by the presence of different types of thiol 
containing proteins. These Hg-thiol complexes are stable and 
form in the presence of competing ligands, such as Cl- and 
DOM. Our results suggest that these Hg-thiol interactions on 
cell membranes are key players in determining the role of 
organisms in Hg speciation in the environment. 
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The 1.9 Ga Montviel alkaline-carbonatite intrusion (REE-
Nb), Abitibi, Canada, comprises silicate rocks that evolved 
from pyroxenites towards ijolites as well as syenites and 
granites. Strontium and Nd isotope data demonstrate that the 
primitive rocks were sourced from the depleted mantle and that 
they gradually incorporated a crustal component throughout 
their evolution. A second mantle pulse produced a series of 
silicocarbonatites and calciocarbonatites that evolved to 
ferrocarbonatites by incorporation of a crustal component, and 
Ba- and F-rich hydrothermal REE mineralization. The 
alkaline-carbonatite system terminated its evolution with an 
explosive eruption, creating a medium and heavy REE-rich 
polygenic breccia. The carbonatite was accompanied by a 
volatile phase which metasomatized pre-existing silicate rocks 
as well as the carbonatites themselves. Crystallization 
temperatures measured on biotites [1], which was present in 
most silicate and carbonatite lithologies, returned magmatic to 
hydrothermal temperatures of 800°C to 300°C. Biotite was 
thus hydrothermal in pyroxenites but seem to have been both 
magmatic and hydrothermal in carbonatites [2]. At Montviel, 
the REE mineralization is hydrothermal and consists mainly of 
disseminated LREE-bearing fluorocarbonates with MREE and 
HREE-enriched zones. Hydrothermal phases and  rare Ba-Cl-F 
fluid inclusions suggest that F and Cl played an important role 
in transporting the REE in solution. A model for mantle pulses 
of melt and the role of hydrothermal fluid is proposed. 

 
[1] Henry, D.J., Guidotti, C.V., Thomson, J.A., 2005. The Ti-
saturation surface for low-to-medium pressure metapelitic 
biotites: Implications for geothermometry and Ti-substitution 
mechanisms. American Mineralogist 90, 316-328. [2] Wyllie, 
P.J., Jones, A.P., 1985. Experimental data bearing on the origin 
of carbonatites, with particular reference to the Mountain Pass 
rare earth deposit. Am. Inst. Min., Metall. and Pet. Eng., 
Metall. Soc. New York, NY, United States, United States, pp. 
935-949. 
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In third world regions like Indian Himalayas, an attempt 

has been made to study the major ions, stable isotopes (δ18O & 
δD) and 3H of the precipitation, streams and springs of 
mountainous Bringi catchment of Kashmir region, NW 
Himalayas, dominated by the carbonate lithology. The main 
objectives were to delineate the potential recharge areas of 
karst springs and to distinguish the sources of karst waters - for 
future management of the valuable source of water. In the third 
pole of the globe i.e. Himalayan region, the pervasive thinning 
and receding of the glaciers is faster than any other part of the 
world. In Kashmir province, as part of the Himalayas, the 
volume of glaciers, the runoff of streams and rivers, the 
volume of the lakes (the Dal, the Wular and the Mansbal) and 
even the Karst springs under study have been substantially 
affected as a result of unusual and changing global 
environmental pattern.  

The water in the Triassic Limestone aquifer of Bringi 
watershed is characterized by low levels of mineralization with 
TDS of the spring water samples ranged between 99 and 222 
mg/L except Kongamnag with TDS up to 426mg/L. As 
expected in an area with dominant carbonate lithology, Ca-
HCO3 and Ca-Mg-HCO3 hydrochemical facies were found. 
The Local Meteoric Water Line (LMWL) for Bringi watershed 
based on the amount weighted monthly averages is δD = 7.59 
± 0.32 x δ18O + 11.79 ± 2.07. The isotopic signature of winter 
precipitation is reflected in stream and spring water in late 
spring season and is, therefore, is representative of snow 
melting. The enriched spring and stream waters in September 
bear the enriched isotopic signatures of summer rainfall. With 
the help of local vertical isotopic gradient of precipitation    (-
0.23‰ per 100 m change in elevation), the mean elevation of 
precipitation that recharged the aquifer was estimated which 
ranges between about 2500 - 3500 m amsl. There is a very 
good correlation (r2=97) between the seasonal isotope 
composition of streams and springs indicates the streams and 
springs either share similar catchments or the springs are 
recharged by the streams. 
 
Key words: Karst springs, stable isotopes, hydrochemistry, 
Kashmir Himalayas 
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Undifferentiated chondrites and differentiated meteorites 
are the remnants of protoplanets and their origin should be 
understood in connection with the evolution of the disk.  
Despite numerous work on disk evolution and metorite 
comopositions, their relationship has not bee fully discussed 
yet. In order to clarify the temporal and spatial relationiship 
between the protosolar disk and meteorites, we have carried 
out quantitative evaluation of chemical evolution of the disk by 
modifying the particle-tracking-model by Ciesla [1,2].  

The basic of the model is a radial advection-diffusion 
equation for the proto-solar disk, which includes drift and 
dispersion by turbulence with stochastic diffusion term 
calculated by the Monte Carlo method and which shows the 
diffusivity by the viscosity of the disk.  We (1) trace the R-T-P 
(R: heliocentric distance from the porto-Sun, T: temperature, P: 
pressure) trajectory of individual grains,  (2) count the number 
of grains remained in the disk as a function of R and t (time), 
and (3) count the number of grains that experienced high 
temperature (1000K and 1400K), which were mostly from the 
inner region and which was transported outward by diffusion, 
and convection with lesser amount of grains originating from 
the outer region and going back and forth． 

The present work shows how radial mixing in the proto-
solar disk proceed as a function of distance from the proto-sun 
and time.  The mixing ratio of materials from the inner and 
outer regions is almost unity at the early stage but the fraction 
of materials from the outer regions increases with time.  
Combining the information about the maximum temperature 
that the particles experienced, we can constrain that early 
differentiated planetesimals such as the parent body of angrites 
and planetesimals with refractory-rich compositions such as 
CV chondrites were formed at the current asteroid belt in ~105 
yrs. This is consisting with very old chronological data of 
some iron meteorites, which were formed by total melting with 
the presence of abundant 26Al. On the other hand, 
planetesimals for other carbonaceous chondrites and ordinary 
chondrites that are not so enriched in refratories were formed 
later, possibly at ~106 yrs.  
 
[1] Ciesla, F. (2010) Icarus 208, 455. [2] Ciesla, F. (2011) ApJ 
740, 1. 
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Biogenic iron oxides (BIOS) are defined as a mixture of 

poorly ordered nanometer aggregates of hydrous ferric oxides 
(HFO) and bacterial cells. Such small scale aggregates (2-
500nm) display large surface area-to-mass ratios making BIOS 
an effective sorbent of various contaminants, such as heavy 
metals and radionuclides, in natural environments [1]. 
Depnding on the environmental conditions, poorly ordered 
HFO (ex. ferrihydrite) tend to transform into more ordered iron 
oxides such as goethite and hematite. However, according to 
previous research, the presence of organic matter (ex. bacterial 
cells) retards the transformation of ferrihydrite into more 
crystalline iron oxides [2].  

Accordingly, the long term stability of BIOS in the 
environment is unknown. This study examined the chemical 
and mineralogical composition of sterile BIOS samples 
collected from wetlands and deep sea vents that were stored in 
the dark at 4°C for 7 years to simulate early diagenesis. 
Furthermore, the redox stability of the aged BIOS in the 
presence of a well known iron reducing bacterium, Shewanella 
putrefaciens CN32, was examined.  

Similar to the fresh BIOS, XRD, Fe K-edge EXAFS and 
chemical extractions indicated that aged BIOS were primarily 
composed of 2-line ferrihydrite with minor amounts of more 
crystalline iron oxides, lepidocrocite and goethite. SEM 
showed the occurrence of twisted stalks and sheaths similar to 
those of neutrophilic iron oxiziding bacteria Gallionella spp. 
and Leptothrix spp., similar to what was observed in the fresh 
BIOS. However, the reduction rates of aged BIOS were 
significantly lower than that of fresh BIOS (P<0.05). Further 
characterization with TEM showed the formation of large iron 
oxide aggregates in close association of microbial surfaces. 
Aggregation could have reduced the surface area of 
bioavailable iron oxides, consequently aggregation may lead to 
crystal growth and subsequent phase transition may affect the 
bioavailability of adsorbed contaminants [3].  
 
[1] Langely et al (2009) Chem. Geol. 262, 218-228. [2] 
Kennedy & Ferris (2004) Chem. Geol. 212, 269-277. [3] 
Banfield et al (2000) Science 289, 751-754. 
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California margin sediments (ODP Leg 167, Hole 1017 E, 

over 130 kyrs) in the Northern Pacific Ocean have been 
researched for understanding paleo-environmental changes. 
We examined the vertical distribution of hopanes, especially 
diploptene, in the sediments over 25 kyrs.  

The results in this study shows that stable carbon isotopic 
(δ13C) compositions of diploptene depleted (c.a. -38 ~ -40 ‰) 
at the B/A period (Fig.1). This result suggests that there were 
two groups of diploptene with different δ13C values in the 
sediments and the diploptene in the B/A period had been 
originated from chemotroph bacteria at anoxic enviroments[1]. 
Therefore this indicates that an anoxic bottom water condition 
was developed during the B/A period, which might be caused 
by deglaciation[2] and current variation[3]. 
 

 
Figure.1 Vertical profiles of diploptene, the δ13C value and 
total sulfur in the upper part of the sediment.  
 
[1] Freeman et al (1994) Org Geochem 21, 629-644. [2] Moore 
et al (2008) U.S. Geological Survey 2945. [3] Behl and 
Kennett. (1996) Nature 379, 243-246. 
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Based on the evidence derived from mineralogy and 
isotopic signatures of Itokawa dust particles [1-2], Itokawa was 
initially formed as an asteroid much larger (> 20 km in radius 
[3]) than current Itokawa (< 0.5 km). The parent asteroid of 
Itokawa was heated at around 800 °C and kept at 700 °C or 
higher at 7.6 Myr after CAI formation [1-2]. Plagioclase in 
some Itokawa pareticles exsolves K-feldspar, but plagioclase 
thermometry [4] fails to obtain equilibrium temperature [5], 
because of changes in compositions of plagioclase and K-
feldspar during slow cooling of the parent asteroid of Itokawa. 
We performed numerical simulation to understand how slow 
the Itokawa parent asteroid was cooled down. Diffusion length 
of Ca, Na, and K in plagioclase crystals during cooling are key 
parameters to be calculated. The results show that 4.4Myr is 
needed for cooling from a peak temperature of 800 to 500°C of 
a 50-km size body and Ca diffusion lengths are ~4μm for dry 
and low-pressure condition. At 8Myr after CAIs, Ca diffusion 
almost completed. Plagioclase in Itokawa particles ranges in 
size from 20 to 50μm [1]. Therefore, if the Itokawa parent 
asteroid was heated under dry condition, then An content of 
plagioclase cannot be equilibrated within crystals, as is 
observed in plagioclase in Itokawa dust particles [5]. In 
contrast, Na-K interdiffusion is at least several orders of 
magnitude faster than NaSi-CaAl interdiffusion [6]. This 
suggests that Ab and Or contents are easily re-equilibrated 
during cooling, while An content cannot be re-equilibrated in 
plagioclase, which is consistent with observation from 
plagioclase in Itokawa dust particles. 
 
[1] Nakamura et al (2011) Science 333, 1113-1116. [2] 
Yurimoto et al (2011) Science 333, 1116-1119. [3] Wakita et 
al (2013) Meteoritics and Planetary Science, published online. 
[4] Kroll et al (1993) Cont. Min. Pet. 114, 510-518. [5] 
Nakamura et al (2014) Meteoritics and Planetary Science, 
published online. [6] Cherniak (2010) Rev Mineral Geochem. 
72, 691-733. 
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The diversity of bulk chemical composition of chondrites  
and specifically the volatile-poor composition of all the 
chondrite chemical groups along with terrestrial planets, which 
are cotnrolled by the volatility of elements in the system of the 
solar system elemental abundances suggest condensation and 
material transport within the disk should be solved 
simultaneoulsy. In order to clarify the temporal and spatial 
relationiship between the protosolar disk and meteorites, we 
have carried out quantitative evaluation of chemical evolution 
of the disk by modifying the particle-tracking-model by Ciesla 
[1,2] and chemical equilibirum calculation.  

The model describes the drift and dispersion of particles 
by turbulence, where the disk is a standard alpha disk. We 
divide the disk from 0.5to 50 AU into 18 bins, put 10,000 
particles in the individual cell, trace the trajectory of all the 
particles, and evaluated how the particles moving outward and 
those inward mix with time. The particles are assumed to keep 
their initial chemical compositions defined by the distance 
from the proto-sun that were obtained with the chemical 
equilibrium calculation. The change of the chemical 
composition of the disk was obtained by summing the number 
of particles that keep their initial compositions. 

We found that (1) initally high temperature of the disk over 
the asteroid belt is crucial for the chondrites with refractory 
element-rich compositions in carbonaceous chondrites, 
otherwise all the protoplanets should have CI-like 
comopositon, that is, we will not have protoplanets with non-
solar composition, and (2) even if the disk was heated to a 
temperature high enough to evaporate, planetesimals need to 
be formed at the early stage of the disk evolution, 
approximately in 105 years, but not 106 years. This is because 
the disk is basicallly accreting to the proto-sun, and the 
materials initially located at the outer regions retain a 
composition with the solar abundance.  The early formation of 
planetesimals is consistent with the iron core formation in 
some differentiated meteorites accreted in relatively inner 
region, because 26A abundance was rich at the early stage. 
 
[1] Ciesla, F. (2010) Icarus 208, 455. [2] Ciesla, F. (2011) ApJ 
740, 1. 
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Particulate organic matter (POM) is considered as a major 

food source of grazing food chain for zooplanktons in coral 
reefs. However, POM is comprised of various components, 
such as living (e.g., phytoplankton, bacteria) and non-living 
materials (e.g., feces, corpse). A notable characteristic of POM 
in coral reefs is that a substantial amount of coral mucus is 
constantly transported into the POM fraction[1]. Thus, it is 
assumable that the POM composition may fluctuate in 
response to time and location even within a reef area. For 
better evaluation of the trophic importance of POM, this study 
aimed to understand spatial and temporal characteristics of 
POM by isotopic and biomarker analyses. Water samples were 
collected from different depths, places, date and time at a 
fringing reef in Malaysia in 2012 and 2013. Coral mucus, 
terrestrial water and surface sediment were also collected as 
comparative samples. Regarding δ13C and the concentrations 
of biomarkers, more apparent tendency was observed among 
locations and depths than among time and dates. Indeed, the 
concentrations of sterols (e.g., campesterol, brassicasterol), 
brunched and mono unsaturated fatty acids were significantly 
higher at surface than bottom. TOC tended to gradually 
decrease toward offshore, and δ13C of surface water was 
>1.0‰ heavier than bottom (ca. -18‰). Considering that coral 
mucus is rich in carbon with heavier carbon isotope (ca. -15‰) 
and that it contains most of the brunched fatty acids and sterols 
typically found in POM, our results indicated that POM in the 
surface water of reef area is largely influenced by both 
aggregation of coral mucus and indirect enhancement of 
biological activity derived from coral mucus, or indirectly 
activated biological production by the input of coral mucus, 
which promotes bacterial production[2]. 
 
[1] Wild et al (2004) Nature 428, 66-70. [2] Nakajima et al  
(2009) Aquat Ecol 43, 815-823. 
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Observation 

Observations were conducted during summer (August, 
2011) and winter (January, 2012) in the Nagoya urban area, 
Japan. Absorption and scattering coefficients at 405 and 781 
nm of PM1 particles were measured using the photoacoustic 
soot photometer (DMT, PASS-3), after passing through bypass 
line or one of the thermo-denuders (TD) maitained at 100 and 
300°C (summer) or 300 and 400°C (winter). 
Results and discussion 

Passage through a TD maintained at 300 or 400°C resulted 
in evaporation of more than 70vol% of aerosol particles, which 
changed the optical properties. Comparison of absorption 
coefficients at 781 nm between aerosols that did and did not 
pass through the TD showed that an increase in black carbon 
(BC) light absorption due to the coating of non-refractory 
materials, that is lensing effect, was small (10%) during 
summer and negligible during winter. This result can be 
explained partly by assuming that a large portion of non-
refractory materials were mixed externally with BC. 

The fractions of light absorption by OM evaporated below 
300(400)°C to total light absorption at 405 nm was negligible 
during the summer, but averaged 11(17)% during the winter.  
The backward trajectories suggest that the air masses mainly 
came from the southeast during the summer, but from the 
northwest during the winter. During the winter, combustion of 
biofuel such as wood was used for heating throughout northern 
China and Siberia.  Although the use of biofuel is small in 
Japan, open burning of agricultural residue mainly in areas 
north of the observation site also may contribute to the OM 
observed in Nagoya.  Therefore, the larger contribution of 
light-absorbing OM during the winter is likely due to the 
greater contribution of OM originating from biomass burning, 
including biofuel and agricultural residue burning, emitted in 
Japan, northern China, or Siberia, during the winter. 
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Introduction 

In Korea most rainfall have been concentrated in summer 
season during which soil erosion by torrential rain commonly 
takes place in short periods[1, 2]. Therefore it is nearly 
impossible for us to measure detailed rates of soil erosion. In 
this study, realtime sensor using ultrasonic with 
reproductibility of less than 1 mm was applied to measure for 
soil erosion rate and amount.  
Results and Discussion 

Erosion depths are linearly correlated with the rates of 
rainfall. Soil humidity was using TDR (Time Domain 
Reflectometry) that uses electrical conductivity in soil water. 
Soil humidity is higher in soils at lower slopes, that is, rest bed 
1(5°) showed highest soil humidity to be 11.80%. In August, 
2013, there is a high relationship between erosion depth and 
soil amount eroded with a linear trend (R2 = 0.7644). It is 
evident from our test beds that soil was preferentially removed 
by repetition of movement and staying on soil surfaces. 

This study was supported by the GAIA Project (contract 
number: 2012000540016), Ministry of Environment, Republic 
of Korea. 
 
[1] Jeong et al (2011) Nat. Hazards 59, 347-365. [2] Ryu et al 
(2013) Proc. KSEG. Conf.133-135. 
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Mercury's surface composition is characterized by very 
high sulfur concentrations (~1-4 wt.% S; [1]). This is unique in 
terrestrial planets and understanding the sulfur solubility and 
speciations in Mercury’s silicate melts will help deciphering 
global differentiation processes of the planet. In this project, 
available XRS data for surface composition of Mercury’s 
Northern Volcanic Plains (NVP) and older intercrater plains 
and heavily cratered terrains (IcP-HCT; [1-2]) are used as 
starting compositions for crystallization experiments at 
pressure ranging from 1 atm to 20 kbar and oxygen fugacity 
conditions from IW to IW-8. 

Near-liquidus low- to medium-pressure experiments are 
made up of silicate melt, few forsterite crystals and several 
immiscible metal melts: (1) a FeSi-rich melt; (2) a FeS-rich 
melt and (3) a CaMgS-rich melt. In Na- and S-free systems, 
similar lavas are saturated in orthopyroxene instead of 
forsterite [3]. The concentration of sulfur in the silicate melt 
shows a correlation with the oxygen fugacity conditions and is 
relatively low (~ 0.5 wt.%) at IW, increasing significantly at 
more reduced conditions (2-4 wt.% at IW-4 - IW-6), in 
agreement with other studies [4]. High-pressure experiments 
are relatively similar and phase equilibria are used to identify 
multiple saturation points (melt-forsterite-hypersthene) for the 
NVP and IcP-HCT compositions and to constrain the source, 
melting P-T conditions and fO2 that produced the different 
types of lavas erupted at the surface [5]. The effect of pressure 
and oxygen fugacity on the liquid metal-liquid silicate 
partitioning is also used to better constrain the global 
composition of the core and bulk silicate mantle of the planet 
[6]. 

Comparison between experimental data and XRS data 
from MESSENGER allows us to suggest that the basalts at the 
surface of Mercury may have not reached sulfide-saturation at 
the liquidus temperature and that the sulfur at the surface of the 
planet may be comprised of suldide minerals having 
crystallized from immiscible melts exsolved during cooling 
and crystallization. The depth of the source to these lavas is 
probably around 1 GPa and melting must have occurred at 
conditions betwen IW-4 and IW-8 [5]. 
 
[1] Nittler et al (2011). Science 333, 1847; [2] Denevi et al 
(2009). Science 324, 613; [3] Vander Kaaden & McCubbin 
(2014), LPSC. [4] Vander Kaaden et al (2014), LPSC. [5] 
Parman et al (2014), LPSC. [6] Hillgren & Fei (2014), LPSC. 
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Many types of organic compounds including amino acids 
and carboxylic acids have been identified in the water extract 
of carbonaceous chondrites. In contrast to the water extract, the 
polar organic solvent (e.g. alcohol) extract has not been 
characterized well in spite of relatively high content of organic 
matter with D- and 15N-enrichment, which may imply an 
interstellar origin. Recently, ultrahigh-resolution mass spectral 
analysis on polar solvent extracts of Murchison was performed 
by electrosplay ionization (ESI) using Fourier transform-ion 
cyclotron resonance/mass spectrometry (FT-ICR/MS) to reveal 
significant chemical diversity up to hundreds of thousands of 
different mass peaks having CHO, CHOS, CHNO and CHNOS 
elemental compositions [1]. With the assumption for molecular 
formulae calclation and no chromatographic separation, 
however, the detailed chemical structures cannot be 
determined. In particular, the organic compounds with their 
elemental compositions of CH and CHN were not discussed.  

In this study, we performed detailed analysis of organic 
compounds in polar solvent extract of Murchison by high-
performance liquid chromatography/high resolution mass 
spectrometry (HPLC/HRMS) using an LTQ Orbitrap XL with 
an amide column. The positive ions by ESI show a suite of 
saturated- and unsaturated-alkylated (C1 to C21) pyridine 
homologs (mainly CnH2n-5N and CnH2n-7N series), which could 
be produced by aldehyde and NH3 through aldol condensation 
and Chichibabin-type synthesis. Relatively simple aldehydes 
such as formaldehyde and acetaldehyde are found in molecular 
clouds, and possibly present in primordial solar nebulae [2]. 
Ammonia is observed much in molecular clouds as well as 
coments, and abundant in carbonaceous chondrites [3]. In 
addition, chemical oxidation processes could be significant by 
OH radicals and/or aqueous alteration, where methylene bonds 
in unsaturated alkylpyridines seems easily to be oxidized to 
yield alkylpyridine carboxylic acids [4]. The alkylpiperidines 
were also identified, probably resulting from H2 addition of 
alkylpyridines. This study shows importance of alkaline 
environment with ammonia for the chemical evolution of 
meteoritic organic matter. 
 
[1] Schmitt-Kopplin et al Proc. Natl. Acad. Sci. 107, 2763 
(2010). [2] Dutrey et al Astron. Astrophys. 317, L55 (1997). 
[3] Pizzarello and Williams, Astrophys. J. 749, 161 (2012). [4] 
Pizzarello et al Science 293, 2236 (2001). 
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The visual impact of record mountain pine beetle 
infestation in the Rocky Mountains is stunning. The potential 
impact on soil and water chemistry in these forested 
watersheds, while less obvious, may be a longer lasting legacy 
of this climate change induced widespread epidemic. Once a 
blue stain fungus carried by the pine beetle invades a pine tree, 
transpiration ceases and the tree begins to die.  Over an 
approximately three-year period, healthy green trees turn red 
and then grey and drop all their needles onto the forest floor. 
Increased influx of organic carbon and base cations from the 
degrading needles into the soil pore waters has the potential to 
alter soil chemistry, including mobilization of metals from the 
soil into the pore waters.  Soil columns flushed with pine 
needle tea take up dissolved organic carbon and zinc, acting as 
a potential sink and buffer for carbon and some metals.  In 
contrast, these same soils release copper and aluminum.  
Preliminary geochemical models suggest that the formation of 
mobile organo-metallic complexes mobilizes the metals. The 
composition of leachate from pine needles changes as trees 
turn from green to red to grey.  Leachate pH decreased with 
increased contact time between water and the pine needles.  
Degraded (red and grey) needles released higher 
concentrations of dissolved organic carbon, organic acids, and 
base cations (Na, K and Mn). Metal concentrations varied in 
leaches of needles from different watersheds suggesting that 
metal concentration in pine needles is related to the metal 
concentration of the underlying rocks. Succinic acid was the 
organic acid with the highest concentration (~ 30 ppm) 
followed by nearly equivalent concentrations of citric and 
oxalic acid (5-10 ppm).  Epicuticular waxes from the pine 
needle surfaces were solubilized in the first leach, but only 
minimally in subsequent leach periods.  Leach experiments 
with variable contact time indicate that the controlling factor in 
change in leachate chemistry is not needle-water contact time 
but number of flushes through the pine needles.  Results from 
this study will allow for evaluation of the potential long-term 
impacts of widespread tree death on soil and water chemistry. 
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Despite vigorous discussion of “prenucleation clusters” 

(PNC), especially in carbonate systems, the concept remains 
somewhat ill-defined. Questions one might ask include the 
following; How large and long lived must a complex ionic 
species in solution be to be called a PNC? How large must a 
complex cluster be for the concept of “surface energy” or 
“interface energy” to apply? How sharp must the boundary 
between a PNC and the solution be? When is a PNC an 
indicator of incipient phase separation into solvent-rich and 
solvent-poor phases? Must a PNC have structure representative 
of the precipitating phase? This talk will address these 
questions from three different vantage points: the 
transformation from aqueous solutions to amorophous 
precipitates in hydrated carbonate and phosphate and silicate 
systems, zeolite sythesis involving organic structure directing 
agents, and phase separation and crystallization in high 
temperature silicate and borate glasses and melts. 
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Massive sedimentary fluorapatite deposits occur in the 

U.S. and Africa and Asia. They are readily mined and purified 
through acid dissolution and precipitation into fertilizer 
(ammonium phosphate), a critical material for sustenance. 
Though phosphorus is not presently in short supply, resources 
could be depleted. Thus, great care should be given to the 
processing of this valuable mineral. Fluorapatite contains a 
cornucopia of less common elements, including uranium, 
thorium, radium and the rare earths. Their partitioning during 
processing is a major concern, especially for radioactive Th, U, 
and Ra. At the same time, the fluorapatite and its products 
represent significant potential sources of rare earths critical to 
modern technology. Igneous apatite in association with other 
rare earth minerals occurs widely and is another potential 
source of these elements. From a geochemical point of view, 
the thermodynamics of rare earth incorporation/partitioning in 
apatite, other solids, and aqueous solutions is essential to 
understand the formation of these deposits and to provide 
guidance for rare earth extraction. This talk will discuss 
thermochemical data for rare earths in various mineral phases 
and trends of stability. 

 
This research is supported by the Critical Materials 

Institute, an Energy Innovation Hub funded by the U.S. 
Department of Energy, Office of Energy Efficiency and 
Renewable Energy, Advanced Manufacturing Office. Grant 
number DE-FOA-0000687. 
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Swamps of Western Siberia are largest formations on our 

planet, accumulated a huge amount of carbon which in case of 
global warming may be a source of considerable volumes of 
CO2 and CH4. In this regard, swamp waters are object of 
extensive studying. Nevertheless, there are still many unsolved 
problems. In particular, the composition of dissolved organic 
metter which dominate in such waters, is studied while 
insufficiently. 

The wetland waters of the region are ultrafresh and show 
total salinities of 20–130 ppm and pH values from 3.5 to 6.7. 
Such waters are conspicuous in very high concentrations of Fe, 
K, NO3, PO4, and NH4 and some trace elements (Zn, Pb, Cu, 
Mn). The wetland waters are very rich in dissolved organic 
matter (DOC), its total content is much higher than the total 
salinity values. The concentrations of DOC vary considerably 
from 25 to 165 ppm and control to a large extent the pH values 
of waters: the higher the concentration of DOC, the more 
acidic the water. This correlation explains the reason for the 
abundance of organic compounds in wetland waters: their 
maximum concentrations are confined to the regions of the 
most stagnant conditions. 

In addition to humic substances, bitumen and particular 
groups of hydrocarbons (HC) were investigated in the wetland 
waters. Bitumen components were extracted from water with 
chloroform, and HC were concentrated from the extracts by 
column chromatography with aluminum oxide of level IV 
activity and elution with hexane. The composition of HC was 
determined using a NERMAG R_10_10C quadrupole mass 
spectrometer and a Finnigan DFS chromatography–mass 
spectrometer. 

The fraction of bituminous components relative to Corg 
(bitumen coefficient) ranged from 3 to 67% averaging 24.5%. 
The highest bitumen contents were characteristic of waters 
from raised acid bogs, and the lowest contents were detected in 
lowland bogs. There is a rather distinct correlation between the 
bitumen content as well as bitumen coefficient and water pH. 



 Goldschmidt2014 Abstracts  

 

1777 

1777 

The Neoarchaean Skjoldungen 
orogeny - a continent-continent 

collision orogeny? 
TOMAS NÆRAA1, THOMAS F. KOKFELT2, LEON BAGAS3 

AND KRISTINE THRANE2. 
1Lund University, Lund, Sweden, tomas.naeraa@geol.lu.se 
2Geological Department of Denmark and Greenland, 

Copenhagen, Denmark 
3University of Western Australia, Perth, Australia 
 

The Skjoldungen region in South-East Greenland is 
dominated by granites and granitic gneisses with abundant 
inclusions of mafic and ultramafic composition. Isolated 
narrow ‘supracrustal belts’ of mafic to ultramafic composition 
and rare paragneisses are considered relicts of an older 
basement (Kolb et al. 2013). The Skjoldungen Alkaline 
Province (SAP) constitutes a number of post-to syn-tectonic 
mafic, ultramafic to more differentiated alkaline intrusions 
aligned in a WNW-ESE oriented belt (Blichert-Toft et al. 
1995). 

We present combined U/Pb, Hf and O isotope data 
together with a larger regional chronological and geochemical 
dataset. The geochronological data indicates that large parts of 
the basement formed in a period between 2700 and 2750 Ma. 
This period includes the intrusion of the granite and gneiss 
protoliths of the agmatitic basement, and alkaline intrusions of 
the SAP. Some of the reworked basement granites, often 
leuco-granites with positive Eu anomalies, have elevated δ18O 
values suggesting sedimentary input. Zircon inheritance 
suggest a division of the region into a southern Eo- to 
Mesoarchaean and a northern mainly Mesoarchaean terrane. 
The boundary between the postulated terranes seems 
delineated by the belt of SAP intrusions, which might reflect 
subduction related mantle derived melts. Overall the geological 
setting resembles a continent-continent orogeny. 

 
[1] Blichert-Toft et al (1995). J.Pet. 36, 515–561. [2] Kolb et 
al (2013). Gondwana Res. 23, 471-492. 
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Iron isotopes (δ57Fe) fractionate during high-temperature 

processes through Fe exchange in different valence states and 
bear witness to the redox history of early solar system bodies. 
Although δ57Fe differences between terrestrial and Martian 
(SNC meteorites) basalts have been proposed [1], recent 
analytical advances and a re-refined δ57Fe value for Earth’s 
mantle [2] call for a re-assessment of this difference. Here, we 
report Fe isotope analyses of 17 Martian whole rocks and 5 
mineral separates obtained in Canberra and Toulouse using a 
high-precision technique.  

While there are no differences detected between the 
depleted, intermediate and enriched shergottites, all Martian 
meteorites correlate with indices of magmatic differentiation. 
Nakhlites and evolved shergottites have δ57Fe ≈ 0.05±0.03‰, 
while the MgO-rich rocks are lighter (δ57Fe ≈ -0.01±0.02‰), 
Lighter δ57Fe of pyroxenes than whole-rock nakhlites causes a 
co-variation  of δ57Fe with fO2, where both increase in the melt 
in a manner analogous to evolving terrestrial magmas.  

If SNCs are representative of Martian magmatism, Martian 
basalts are distinctly lighter than MORB. Extrapolation of the 
whole rock δ57Fe SNC trend to a putative Martian mantle 
yields a value lighter than all estimates for its terrestrial 
counterpart, but close to chondrites. If the Earth and Mars 
accreted from similar material, and considering the constancy 
of δ57Fe in chondrites, this disparity arose post-accretion. As 
MORB are more oxidised (~FMQ) than Martian shergottites 
(FMQ -2 to -3), a process that increased the fO2 and δ57Fe of 
the bulk silicate Earth is required.  

Possible mechanisms include evaporation of light isotopes 
during a Moon-forming giant impact [1], addition of an 
oxidised 57Fe-enriched impactor, or disproportionation and 
extraction of Fe0 in equilibrium with perovskite with large 
∆57Femantle-core [3,4], but not on the smaller body Mars [5]. 

 
[1] Poitrasson et al 2004, EPSL, 223, 253-266 [2] Craddock 
and Dauphas, 2013, EPSL,  365, 63-76 [3] Polyakov, 2009, 
Science, 323, 912-914 [4] Williams et al 2012, EPSL 321-322, 
54-63 [5] Poitrasson et al 2009, EPSL, 278, 376-385 
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Iron is a major element in arc lavas and occurs in two 
valence states in natural igneous systems (Fe3+ and Fe2+, 
commonly expressed as Fe3+/ΣFe). It is clear that fractionation 
in mafic igneous system preferentially removes minerals with 
Fe2+, i.e., in olivine and pyroxene, inevitably forcing a shift of 
residual liquids towards a higher Fe3+/ΣFe. This change in total 
Fe valence state is coupled to an increase in calculated oxygen 
fugacity, up to several Δlog(FMQ) units (fayalite-magnetite-
quartz buffer). Studies of a closed magmatic system [1] has 
shown that removal of Fe2+ will shift liquids towards heavier 
Fe isotope compostions (δ57Fe), whereas Fe3+ scavenging has 
the opposite effect, e.g., upon magnetite saturation. In 
principle, a similar effect can be postulated for arc lavas. 
However, series of arc rocks usually represent open systems, 
with variable water content, source heteregeneity and possible 
A-F-C processes. To study these effects and assess their impact 
on δ57Fe systematics in convergent margin rocks, we have 
measured stable Fe isotopes in series of arc rocks from 
different geo-tectonic settings. Eastern Manus Basin lavas, 
renowned for their magnetite crisis [2], exhibit a reversal in 
δ57Fe from heavy towards light values at magnetite saturation, 
similar to what is expected from trace elements (V). The δ57Fe 
in Banda arc rocks is unaffected by the up to 10% subducted 
sediment melt contribution in their sources [3]. Late-stage arc 
melts with MgO < 1 wt.% experience a strong increase in 
δ57Fe, possibly related to accumulation of magnetite. Lau back-
arc basin basalts exhibit differences in δ57Fe that correlate with 
indices of magmatic differentiation with a possible relation 
between δ57Fe and precious element abundances, such as Au. 
In summary, we find that igneous differentiation is the 
controlling factor for differences in Fe isotopes in evolving arc 
lavas. Magma recharge, source heterogeneity and A-F-C 
processes, however, may cause δ57Fe to deviate strongly from 
a theoretical fractionation trend. If these processes are closely 
monitored, Fe isotopes have the potential as a 
redox/fractionation proxy in arc lavas.  
 
[1] Sossi et al CMP, 2012 [2] Jenner et al G³, 2012 [3] Vroon 
et al GCA, 1995 
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Over the last decades, increasing efforts have been made 
regarding wetlands. However, engaging actions to restore and 
preserve wetlands requires an in-depth knowledge of the water 
cycle in the system. We used chemical and multi-isotopic (Li, 
Sr, O, H) effectiveness approaches, combined with 
hydrological tools, for tracing the water and dissolved-element 
fluxes in a peatland in Central France. The main results are that 
at least three strong groundwater fluxes with distinct chemical 
and isotopic signatures supply water to the peatland (Sr) and 
water volume flowing out is almost negligible. Li contents 
fluctuate significantly and δ7Li (‰) are extremely variable 
reaching values up to +1226‰, value being explained by an 
external input due to Ca-amendment, used in local agriculture. 

In the present study, we applied B isotopes. The δ11B (‰) 
shows values increasing from river draining basalts (around 
0‰) up to springs bordering the peatland (> 25‰). Peatland 
groundwaters have intermediate δ11B values from 7.8 to 
19.4‰. This range is accompanied by an increase in the Ca 
contents between the river draining basalts (around 100-
200µmol/l Ca) and water in the peatland (300-1150µmol/l Ca). 
Regarding the δ11B vs. the Cl contents, the isotope ratio 
decrease with no variation in the Cl content from rain water to 
river draining basalts (as indicator of water rock interaction), 
then increase with slight increase in the Cl content in the 
groundwater in the peatland and end with large increase in 
δ11B and Cl contents (as indicators of fertilizer inputs). 
Reported as δ11B vs. 1/B contents, the data highlight the role of 
water rock interaction and present day fertilizer inputs (as Sr 
isotopes). However, if cross interpretation of δ11B and δ7Li 
confirms the role of water rock interaction and present day 
fertilizer inputs in the river draining basalts and in the springs 
bordering the peatland, the extremely enriched 7Li signature of 
the groundwaters in the peatland cannot be explained by an 
input due to present day Ca-amendment, used in local 
agriculture and thus this study opened a new field for B-Li 
isotope investigations in hydro-systems and their potential 
utility as tracers of present-day-past activities. 
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This study focuses on the groundwater in large Eocene 
aquifers sedimentary system (SW France) with the main goals 
of investigating the influence of rock weathering and 
quantifying the inputs from each of several end-members (i.e 
silicate, carbonate, evaporite) by using an inverse method 
approach of budget equations. The Eocene aquifer, composed 
of sandy Tertiary sediments alternating with carbonate 
deposits, is a multi-layer aquifer being artesian to the west of 
the district and confined with piezometric levels around 250 m 
depth to the east of the district. The Eocene aquifer system is 
made up of at least five aquifers: Paleocene (P), Eocene Infra-
Molassic Sands (IMS), Early Eocene (EI), Middle Eocene 
(EM), Late Eocene (ES). 

The Total Dissolved Solids (TDS, the total mineralization 
of water calculated by summing cations and anions) have large 
variations between 74 and 2513 mg/l. Variations within the 
same aquifer are also significant, from 74 up to 1253 mg/l in 
the Paleocene aquifer; from 255 up to 1033 mg/l in the middle 
Eocene aquifer and from 230 up to 2513 mg/l in the Eocene 
infra-molassic sand. The highest mineralization is generally 
encountered in water draining evaporite formations (gypsum 
and/or halite) as evidenced in the southern part of the aquifer. 
The spatial distribution of the TDS values indicates several 
places having salinities > 1000 mg/l.  

A mixing model for the major ions was formalized, and 
constrains added on the source reservoirs that correspond to 
the identified end members in the groundwater. We test this 
model using an inversion scheme that allowed to calculate the 
proportions of major ions (Na, Ca, Mg…) derived from rain 
and from silicate, carbonate and evaporite weathering. From 
the mass balance point of view, the global contribution of each 
end-member was obtained by summing the individual 
contribution of each element.Carbonate inputs dominate the 
groundwater chemistry, evaporite often plays the second major 
role, rainwater inputs are always negligible and silicate inputs 
may be important in some parts of the system. 
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Metapelites with Mg-rich chloritoid occur associated with 

eclogites and metagabbronorites in the Bughea Complex of the 
Leaota Massif (South Carpathians), a complex interpreted to 
represent a subduction mélange [1]. These metapelites are 
composed of garnet porphyroblasts embedded in a matrix of 
chlorite, phengite, paragonite, epidote, ilmenite, rutile, and 
quartz. Garnet contains inclusions of chloritoid, phengite, 
paragonite, chlorite, quartz, epidote, and rare amphibole and 
kyanite. The internal structure of the porphyroblasts is outlined 
by their chemical zoning, the array of mineral inclusions and 
the chemical variation of included chloritoid. Compositional 
maps of garnets and core-to-rim chemical profiles document a 
prograde zoning characterized by a continuous decrease of Mn 
and Ca and an increase of Mg towards the rims. The array of 
mineral inclusions portrays three zones which are well 
correlated with the chemical composition: (1) high-Mn core 
rich in chloritoid and small epidote inclusions, (2) inner mantle 
also rich in chloritoid inclusions, and (3) high-Mg rims, free of 
chloritoid but containing Mg-chlorite along with kyanite 
appearing for the first time in the assemblage. The chemical 
composition of chloritoid is characterized by gradual Mg 
increase from the inclusions located in garnet cores 
(XMg=0.26–0.28) towards those placed near rims (XMg=0.38–
0.42). 

A calculated pseudosection for the P-T range 400-700°C, 
4-24 kbar in the system KNCFMMnASTH predicts the 
occurrence of chloritoid at temperatures of 400-590°C and 
P>12 kbar. The XMg isopleths of chloritoid and garnet, and Si 
isopleths of phengite constrain a prograde path in the range 
520-570°C and 16-18 kbar. The rare kyanite inclusions in 
garnet are in equilibrium with garnet rims at 600-620°C and 
P>21 kbar, beyond the predicted P-T field of chloritoid. 

The occurrence of chloritoid, gradual change in the Mg-Fe 
partition with the surrounding phases in response to changing 
PT-conditions, and finally its thermal breakdown represent a 
valuable tool in constraining the prograde path of subducted 
pelitic sediments, leading to a better understanding of the 
dynamics of subduction channels. 
 
[1] Negulescu et al (2009) J. Petrol. 50, 103-125. 
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Iron(III) (hydr)oxides are important in the geochemical 

cycling of contaminants in aquatic systems. Iron(III) 
(hydr)oxides can form during the oxidative dissolution of 
Iron(II) minerals, e.g., pyrite, in acidic environmental systems, 
such as acid mine drainage. Initial precipitates can be 
amorphous and poorly crystalline, and thus have a high 
specific surface area. This property makes them powerful 
sorbents for water-borne trace metal and metalloid 
contaminants and organic pollutants. This ability of iron(III) 
(hydr)oxides to immobilize contaminants is related to whether 
the precipitates are formed heterogeneously, on mineral 
surfaces, or homogeneously, in solution.  

To evaluate the interactions between newly forming iron 
(III) (hydr)oxides and environmentally imporant anions, such 
as  arsenate and phosphate, we studied in situ heterogeneous 
iron(III) (hydr)oxide nucleation and growth on quartz in the 
presence of these anions. We utilized synchrotron-based 
grazing incidence small angle X-ray scattering (GISAXS) with 
other complementary techniques. In a system containing 10-5 M 
arsenate, nanoparticles’ radii of gyration (Rg) grew to about 
three times bigger compared to an iron(III) only system, 
reaching to 6.1 ± 0.5 nm within 1 hr.  For a system containing 
10-5 M phosphate, Rg reached to 4.0 ± 0.2 nm, which is twice 
as big as an iron (III) only system. Interestingly, while systems 
containing these oxyanions had more growth, a system 
containing only iron(III) had the most nucleation on substrates. 
Ex situ thermal gravimetric analysis and high resolution X-ray 
diffraction of nanoparticles indicated that precipitates in the 
arsenate system had the highest water content and that 
oxyanions may bridge iron(III) hydroxide polymeric embryos 
to form a structure similar to ferric arsenate or ferric phosphate.  

Differences in nucleation and growth rates and particle 
sizes which induced by the presence of anions will impact the 
number of available reactive sites, affecting the reactivity of 
newly-formed particles toward aqueous contaminants. The 
water content in newly formed nanoparticles can affect their 
phase transformation and reactive sites. 
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Long-standing problems in understanding the origin of 

lunar Highlands lithologies revolve around plagioclase. These 
include the presence of both ferroan anorthosites (with 
intermediate Mg’) and Mg-suite rocktypes with high Mg’ that 
contain similar highly anorthitic plagioclase and the 
observation that in the latter lithologies, plagioclase evolves in 
the normal way but, in the ferroan anorthosites, the An content 
of plagioclase is nearly invariant. Furthermore, recent age 
redeterminations of some anorthosites [1] suggest that Mg-
suite rocktypes may not have formed by post-magma ocean 
processes and reopen the need for a model that explains the 
origin of both rocktypes.  

The differences in plagioclase evolution and yet its 
compositional similarity in these lithology types could be 
explained by the presence of an azeotrope in the projected 
plagioclase system at depth and its absence at low pressure, as 
seen in the simple plagioclase system [2]. In this case, 
plagioclase could form at depth earlier and from a more sodic 
lunar magma ocean than currently accepted, and be even 
bytownitic in composition. As long as the LMO composition 
lay in projection to the An side of the azeotrope, this 
plagioclase would evolve to higher An content with dropping 
Mg’. At shallower levels, the same composition would start 
with anorthitic plagioclase at higher Mg’, but plagioclase 
would become more albitic with dropping temperature and 
Mg’.   

In order for this model to be viable, the azeotrope must 
occur at lower pressure than in the simple system, but not 
extend completely to low pressure. Dynamic cooling 
experiments were conducted to investigate the effect of olivine 
melt components on anorthite destabilization by spinel 
formation at low pressure. These experiments definitively 
indicated that although spinel is stable at low pressure, there is 
no azeotrope at 1 bar, and open up the possibility of a 
significantly more sodic and feldspathic LMO.  
 
[1] Borg et al (2011) Nature 477, 70–72. [2] Lindsley (1968) 
Mem. 18 NY State Mus. Sci. Serv., 39-46. 
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Fe-oxidizing bacteria (FeOB) form bacteriogenic iron 

oxides (BIOS) as a result of iron oxidation.  These minerals 
occur as nanoparticles or mineral coatings, and have highly 
reactive surfaces, which may affect contaminant fate and 
transport through adsorption reactions. Although the 
mechanisms governing the formation of BIOS particles are 
widely studied, there is little consensus on the mechanism(s) 
and kinetics controlling bacterial iron oxidation in general.  
Adsorption of ferrous iron cations onto bacterial cell walls may 
represent the rate-controlling step for biotically induced 
ferrous oxidation, but there are no studies that quantify either 
the extent of Fe+2 adsorption onto bacterial cells or the 
thermodynamic stabilities of the important Fe(II)-bacterial 
complexes.   

In this study, we took a two pronged approach: 1) 
experiments were conducted to measure Fe adsorption onto a 
sheathless variant of FeOB Leptothrix cholodnii SP-6SL cells 
directly, and 2) adsorption experiments were performed using 
a range of metals onto both L. cholodnii and B. subtilis in order 
to determine if both bacterial surfaces interact with metals 
similarly.  Linear free-energy relationships using stability 
constant values for aqueous metal-anion complexes were first 
proposed in an effort to supplement thermodynamic data.  We 
apply a linear free-energy approach to estimate Fe+2 binding 
constants with sites on L. cholodnii and B. subtilis cells, 
deriving a relationship between metal binding constants 
involving the cell surface and those involving acetate.  In order 
to calibrate this relationship, we measured Sr+2, Zn+2, Cd+2, 
Ni+2, Cu+2, Fe+2, and Pb+2 adsorption onto both bacterial 
species.  The experiments for both species were performed 
aerobically for all metals except Fe, which was conducted 
under a nitrogen/hydrogen atmosphere; ionic strength was held 
constant with 0.1 M NaClO4; experiments were conducted as a 
function of pH over the range of 2 to 11, and biomass and 
metal concentrations were held at 10 g/L and 2 ppm, 
respectively.  Non-adsorbed Sr, Zn, Cd, Ni, Cu, and Pb 
concentrations were analyzed using ICP-OES, with non-
adsorbed Fe concentrations determined via GFAA. 

We observed enhanced removal of all metals under all pH 
conditions relative to abiotic controls. The adsorption 
measurements conducted as a function of pH constrain which 
cell envelope functional groups are involved in metal binding, 
and we used the adsorption measurements to determine 
equilibrium constants for the important adsorption reactions.  
The thermodynamic parameters determined here not only 
improve quantitative models of Fe(II) distribution and 
speciation in geologic systems, but they also can be used to 
construct quantitative models of Fe(II) bioavailability in 
bacteria-bearing systems as well, allowing the effects of 
competing cations and complexing ligands to be accounted for 
in each model. 
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Tropical hydroclimate records from the pre-industrial era 

are important for understanding the mechanisms of global 
climate change.  Yet continuous records with centennial 
resolution are rare, and available rainfall proxies are largely 
qualitative.  We use hydrogen isotope measurements of 
taraxerol from Rhizophora mangroves, dinosterol from 
dinoflagellate phytoplankton, and nC24 alkanol derived from 
cyanobacteria glycolipids to develop a 2,000-year quantitative 
reconstruction of lake water δD values and salinity from Poza 
del Diablo, a brackish coastal lake on Isabela Island in the 
Galápagos.  Additional δD values of dinosterol and taraxerol 
from two nearby saline lakes are used to confirm that the 
observed changes were driven by regional hydroclimate 
variations and not local lake-specific or geomorphological 
changes.  The combined changes in lake water δD values and 
salinity help to differentiate between changes in the El Niño-
Southern Oscillation (ENSO) from those caused by changes in 
the position of the intertropical convergence zone (ITCZ).  
Together the data suggest that ENSO drove hydrologic 
changes from approximately 0 – 1200 AD, after which a 
southward migration of the ITCZ brought increased 
precipitation and some of the wettest conditions of the past 2 
kyr.  The Isabela Island lake records offer an improved insight 
on tropical Pacific climate changes from a low elevation site in 
a region of key climatic importance and illustrate the potential 
for quantitative paleohydrologic reconstructions using multiple 
biomarker hydrogen isotope records. 
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Nanopores (<100 nm diameter pores) contribute 

significantly to the total specific surface area of rocks and 
soils, and synthetic nanoporous substrates have been proposed 
as a useful material for environmental remediation. Within 
these nanopores, the physiochemical processes of sorption and 
transport differ from those within macropores. Despite the 
ubiquity of confined spaces in natural and industrial porous 
media, we lack an understanding of how the effects of 
nanopore confinement vary with pore size, and the molecular-
scale mechanisms controlling nano-confinement phenomena in 
environmentally relevant systems (i.e., mineral surfaces in 
aqueous solutions). 

We studied the simplified Zn-silica-H2O model system to 
probe sorption reactions on nanopore surfaces that commonly 
influence the fate of contaminants in complex geologic 
contexts. Batch reactors containing aqueous Zn and 
macroporous, nanoporous, or macro-particulate silica 
substrates at variable pH (6-8) were equilibrated for 48 hours 
on a shaker table. The pore size distributions and surface areas 
of the silica substrates were quantified with BET and non-local 
density functional theory analysis of the adsorption branch of 
N2 isotherms. Adsorption of Zn onto macro-particulate and 
macro- and nanoporous silica, normalized to surface area, is 
greatly enhanced in silica with 300 nm and smaller pores 
relative to macro-particulate silica. Shell-by-shell fitting of the 
EXAFS spectra reveals that Zn adsorbed at a surface coverage 
of ~0.2 µmol m-2 in silica nanopores exhibits tetrahedral 
coordination as opposed to octahedral coordination in silica 
macropores and on silica macro-particles. This difference in 
Zn coordination may be the result of complexation at different 
surface sites and/or alteration of the hydration shell of Zn 
under nano-confinement. Confinement effects within 
nanopores represent an emerging frontier in geochemistry, and 
pursuit of molecular-scale understanding will contribute to 
more accurate modeling of reactive transport in natural porous 
media and to the use of nanoporous materials to sequester 
contaminants. 
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Abyssal peridotites and obducted ophiolites each provide 

unique insights into the depleted upper mantle. Studies from 
both abyssal peridotites [1, 2] and ophiolites [3] demonstrate 
that the mantle can retain small, distinct melt-depleted 
domains, which result in a geochemically and isotopically 
heterogeneous mantle. Much of our geochemical and isotopic 
understanding of the upper mantle comes from 
suprasubduction zone ophiolites or abyssal peridotites exposed 
during midocean ridge extension. These distinct tectonic 
settings potentially leave different geochemical tracers in both 
the mantle and crustal rocks formed in these settings. Backarc 
basin extension may also leave distinct geochemical 
“fingerprints” on the upper mantle. New Os isotopic and HSE 
data from abyssal peridotite exposed in the Parece Vela 
backarc basin (Philippine Sea) demonstrate that the backarc 
mantle also records heterogenous zones of variable melt 
depletion and melt-rock interaction. The 187Os/188Os ratios 
range from unradiogenic to highly radiogenic (0.1174-0.1704). 
However, unlike peridotite preserved in ophiolite sequences, 
the abyssal peridotites with radiogenic Os isotopic signatures 
are lherzolites and harzburgites rather than dunites [3, 4]. 
There is no correlation between indicators of melt-rock 
interaction and 187Os/188Os ratios, which means the radiogenic 
signature cannot come from interaction with ascending melts. 
The high Os abundance (2-4.5 ppb) precludes significant 
overprinting by seawater. We suggest that the isotopic 
signature of the Parece Vela Basin upper mantle may reflect 
subduction zone modifications imparted before the opening of 
the backarc basin.  

 
[1] Brandon et al 2000. EPSL 177, 319-335. [2] Liu et al 2008. 
Science 452, 311-316. [3] O’Driscoll et al 2012. EPSL 333-
334, 226-237. [4] Hanghoj et al 2010. J Pet 51, 201-227. 
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Ar-Ar dating of K-sulphates (polyhalite, langbeinite) 
allows the recognition of a wide variety of geological 
processes within sulphate-bearing evaporite bodies. Under 
laboratory conditions, polyhalite can be synthesized by a 
reaction of gypsum with appropriate solutions in the ternary 
system K2SO4–MgSO4–H2O at temperatures above 70 °C and 
starts to dehydrate at 255 °C. Langbeinite likely forms by 
decomposition of polyhalite to langbeinite + anhydrite during 
prograde metamorphism. We successfully dated geological 
processes in the Permian evaporites of Eastern Alps. Of 
particular interest is the growth of polyhalite with a variety of 
fabrics in several stages between 235 and 208 Myrs. These 
ages reflect likely elevated heat and fluid flow during 
formation of the Austroalpine passive continental margin 
facing towards Meliata oceanic tract. Some fabrics are 
overprinted during Early Cretaceous mylonitization (ca. 113 
Ma) and partial Ar loss during Eocene recrystallization (ca. 45 
Ma).  

Fine-grained polyhalite from Zechstein (Morsleben) gave 
an age of 28.68 ± 0.11 Ma, which may represent the age of 
crystal growth from a brine. Deformed langbeinite from a 
mylonite zone from Neuhof gave a slightly scattered age 
pattern at ca. 150 Ma, implying a major step of ductile flow 
and crystallization of langbeinite. From analytical point of 
view, langbeinite is very stable and allows diffusion 
experiments over a wide range of energies. 
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Here time-dependent interactions of solid, liquid, and 

gaseous phases with respect to olivine hydrolysis in a 20 mM 
HCO3solution at 30, 50 and 70°C for 315 days is investigated 
experimentally [1]. Within the first two months, amorphous 
talc-like and carbonate phases precipitated; however, no 
inhibition of olivine dissolution is observed at any temperature 
based on surface chemistry analyses. High-resolution surface 
analyses confirm that the precipitates grew as spheroids or 
vertically to form topographic highs allowing further 
dissolution of the free olivine surfaces and exposing potential 
catalysts. Despite no magnetite (Fe3O4) detected, H2 increased 
with time in the 70°C experiments, indicating an alternative 
coupled route for Fe oxidation and H2 production. 
Spectrophotometry analyses show that aqueous Fe(II) is 
largely converted to Fe(III) potentially integrating into other 
phases such as serpentine and talc thus, providing a viable 
pathway for H2 production, according to rxn.1.  

 
6(Fe,Mg)2SiO4 + 8H2O + 3SiO2  → 2(Mg,Fe)3Si4O10 + 

2(Mg, Fe)3Si2O5(OH)4 +4H2      (rxn.1) 
 
No increase in H2 production was observed in the 30 and 

50oC experiments supporting observations that incorporation 
of Fe(II) into carbonates occurred faster than the intertwined 
processes of olivine hydrolysis and Fe(III) oxidation. Overall, 
carbonate formation is confirmed to be a major influence 
related to H2 production in low-temperature serpentinization 
systems. 

 
[1] Neubeck, A., et al accepted. Planet. Sp. Sci. 
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Monazite-type ceramics are considered as an alternative 

matrix for high level nuclear waste. Besides an extensive 
chemical flexibility, long-term stability, and durability natural 
monazites can accommodate considerable amounts of Th and 
U[1,2]. Using the monazite-types LaPO4 and SmPO4 as 
endmembers, solid solutions were prepared, replacing 2 Sm3+ 
by Ca2+ and Ce4+, and 2 La3+ by Sr2+ and Ce4+. Ca2+/Sr2+ have 
similar radii like Sm/La and hence were considered as suitable 
earth alkaline replacements for these Lanthanoides, focussing 
on Ce4+ as non-radioactive surrogate for actinoides. The 
samples were characterised by XRD, SEM/EDS, and IR. 

The solid solutions of Sm1-x(Ca,Ce)xPO4 were synthesised 
at 1000 °C. With increasing (Ca,Ce)-amount, Ca2P2O7 was 
observed. This result was in good accordance with the work by 
Pepin and Vance [3] using trivalent Nd/Gd. On heating 
Sm0.85(Ca,Ce)0.15PO4, at 1200 °C for 24 h we observed the 
formation of Ca3(PO4)2. At 1400 °C, Ca3(PO4)2 was not stable 
and in addition to monazite the eulytite-type Ca3(Sm,Ce)(PO4)3 
was formed. 

Considering solid solutions La1-y(Sr,Ce)yPO4 (y=0-0.3), 
prepared at 1400 °C, the Sr(La,Ce)-eulytite-type was observed 
for y=0.05 to 0.3. Solid solution series which were prepared at 
1000 °C with 10 and 20 wt% NH4H2PO4 excess showed that 
LnP3O9 or Sr3P4O13 were formed. The solid solutions with 10 
wt% excess phosphate were only pure for y=0.10 and 0.15. 
These findings could be relevant for adjusting parameters for 
future experiments with Sm,(Ca,Th) and for sintering suitable 
waste forms.  

We gratefully acknowledge the DFG (RO 2055/7-1) and 
BMBF (02 NUK 021E) for financial support. 

 
[1] N. Clavier, R. Podor, N. Dacheux, Journal of the European 
Ceramic Society 31, pp. 941–976, 2011, [2] R. Ewing, L. 
Wang, Phosphates as nuclear waste forms in Reviews in 
Mineralogy and Geochemistry, 2002, [3] J. Pepin, E. Vance, 
Mat. Res. Bull., Vol. 16, pp. 627-633, 1981 
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Viscosity is a key parameter controlling the transport of 

silicate melts in a variety of processes relevant not only to 
igneous petrology and volcanology, but also to glassmaking 
and waste immobilisation. Zinc oxide is an important 
constituent of some industrial glasses but its influence on their 
physical properties is known poorly.  

As a first step toward understanding this influence, we 
have measured the viscosity of a series of Zn-bearing silicate 
and borosilicate compositions above the liquidus and near the 
glass transition range. To complement available data, we have 
also determined the partial molar heat capacity of ZnO in melts 
through drop-calorimetry experiments on a few compositions. 
From these results, the configurational entropy of the melts 
could also been determined. Configurational entropy is an 
image of the glass structure and can be link at Q species 
determined from Raman spectrometry [1]. 

A salient feature of the results is the deep viscosity 
minimum observed near the glass transition when zinc is 
substituted for calcium. This minimum becomes less 
pronounced when the temperature increases, as previously 
observed when for Ca/Mg cations exchanged [2]. The 
thermodynamic and structural significance of these and other 
results will be discussed. 
 
[1] Neuville D.R. and Mysen B.O  (1996). Geochimica 
Cosmochimica Acta., 60, 1727-1737. [2] Neuville D.R. and 
Richet P. (1991) Geochim. Cosmochim. Acta., 55, 1011-1021. 
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Compound-specific δ2H values of terrrestrial plant n-

alkanes have emerged as a potentially powerful 
paleohydrological proxy. Research suggests n-alkanes are 
strongly correlated with meteoric waters, and may provide 
information on temperature, relative humidty, evaporation, and 
precipitation. However, these findings are based upon several 
assummptions, one of which is biosynthetic fractionation (εbio) 
is constant within a single species. Here we present a whole-
growth season study of the n-alkanes of field-grown Salix. 
Using a multi-isotope and conceptual model approach, with 
measurements of bulk foliar δ13C, n-alkane δ2H, leaf water 
δ18O and δ2H, and xylem water δ2H, we test the consistency of 
n-alkane δ2H values, and εbio, over the course of a whole 
growth season.  

 The results suggests Salix n-alkanes are “locked in” 
after 13-weeks,  exhibiting a ~40 ‰ 2H-depletion from the 
start of flush to the “locked in” phase in July. Empricially 
derived, and model-estimated εbio significantly varies with 
time. With derived εbio showing significantly less fractionation 
during leaf flush (-116 ‰ in April, vs. -156 ‰ in the locked in 
phase). The enriched δ18O and δ2H leaf water values suggest 
the stomata are functioning normally during leaf flush. While 
stable and 13C-enriched bulk foliar δ13C values during the same 
period suggest the leaves are not metablically mature enough 
to produce organic matter from current photsynthates. These 
results challenge the assumption that εbio is constant for a given 
species, and suggest 2H-enriched stored assimilates are an 
important hydrogen source for n-alkane biosynthesis during 
leaf flush. These findings have implications for the 
interpretation of sedimentary n-alkanes and call for a carefull 
design of calibration studies using contemporary samples. 
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During the last few minutes to hours of a volcanic 
eruption, olivine-hosted melt inclusions (MIs) cool and 
crystallize olivine on their walls, producing olivine-depleted 
boundary layers in the melt adjacent to their olivine hosts. 
Competition between diffusive relaxation of these boundary 
layers into the centers of the MIs and replenishment of the 
boundary layers by continued olivine crystallization produces 
concentration profiles that are preserved in glassy MIs. 

Characterization of boundary layers in MIs from pillow 
rims from the Siqueiros transform fault (26 MIs), a hornito on 
Santiago Island (8 MIs), and a subaqueous lava flow on 
Fernandina Island (2 MIs) revealed chemical zonation in all 
MIs studied. The widths of the boundary layers vary from 
element to element. The zonation of fast-diffusing elements 
(e.g., Ca) can extend across the entire diameter of MIs (radii up 
to ~150 µm). An implication of this chemical zonation is that 
analyses of zoned MIs, even if made near their centers, can be 
diffusively fractionated relative to a simple olivine extraction 
path. Certain elements have similar concentration gradients in 
the MIs despite large differences in experimentally determined 
diffusivities (e.g., Al, Si, and Na; and also H2O and F) 
suggesting strong coupling of these components in the melt. 
Uphill diffusion is observed in Ca and Fe profiles. 

We have developed a model that uses measured MgO 
concentration profiles across compositionally zoned, naturally 
glassy, olivine-hosted MIs to constrain their thermal histories 
in the last few minutes to hours of an eruption. Most MIs 
require two-stage, linear cooling histories from liquidus 
temperatures to ~1000°C with a slower-cooling first stage 
followed by a faster-cooling second stage, over a time period 
of a few minutes to just over 1 hour.  
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The Cordillera Blanca is a ~200 km long NNW trending 
mountain range hosting peaks 5-6.7 km in elevation. This 
range is located in a currently amagmatic reach of the Andes 
above a flat-slab segment of the subducting Nazca Plate. The 
last period of magmatic activity was the Miocene (~8 Ma) 
emplacement of the Cordillera Blanca batholith, which forms 
the core of the mountain range. Bounding the entire western 
edge of the range is a NNW trending and WSW dipping 
normal fault (Cordillera Blanca detachment), recording a 
progression of top to the west ductile shear to brittle faulting 
since ~5 Ma [1].  

Hot springs ranging in temperature from 20–79°C are 
found along the trace of this detachment fault and steeply 
dipping normal faults cutting the hanging wall. These are CO2-
rich, near-neutral, alkaline-chloride to alkaline-carbonate 
waters, with elevate trace metal contents including arsenic (≤ 
11 ppm). Water δ18O and δD, trends in elemental chemistry, 
and cation geothermometry indicate mixing of hot (200–
260°C) geothermal brine with cold meteoric recharge along the 
fault zone. Helium isotope ratios (3He/4He) for dissolved gases 
in the hot springs range from 0.6 to 2.0 Rc/RA, indicating the 
presence of up to 25% mantle–derived helium. CO2/3He ratios 
and δ13C of CO2 provide evidence of degassing during fluid 
ascent and record mixing between mantle-derived and crustal 
volatiles. Mantle volatiles may originate at or near the 
subducting slab-continental lithosphere interface, given the 
long duration since active magmatism in the region.  

 
[1] Giovanni, M., Horton, B., Garzione, C., McNulty, B., 
Grove (2010), Tectonics 29, TC6007. 
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Defining the activity of aluminosilicate glasses has, for a 
long time, challenged the cement research community. This 
has become an increasingly important property to assess as the 
cement industry seeks to reduce its CO2 emissions by diluting 
the Portland cement fraction of concrete binders with 
Supplementary Cementitious Materials (SCMs), which are 
mostly aluminosilicate based. These substrates, such as fly ash, 
are activated by alkaline solutions and the rate of this 
activation is the basis for the rate of reaction product formation 
and binder strength development so understanding hydration 
rate offers an important materials selection tool. 

To quantify the reactivity of SCMs during early hydration, 
the initial dissolution profiles in a range of activating solutions 
have been analysed. Using a closed system reactor, the sample 
was exposed to a continuously stirred activating solution, 
under nitrogen atmosphere, for a period up to 3 hours.  

Solution analysis and apparent dissolution rate constant 
calculations appear to agree with previous works performed on 
similar materials [1-3]. In all dissolution profiles, however, Ca 
shows an initial maximum in the first 30 minutes of exposure 
to the activating solution, while Al and Si show a behavior that 
is characteristic of steady state dissolution. Enhanced early Ca 
release from glasses has been shown before in other systems. 
Surface compositional profiles measured on a soda-lime-silica 
glass [4] are consistent with the release and re-absorption 
profiles obtained from solution analyses.  

The trends observed for the aluminosilicate glasses fall 
within a period that is too short to be compared with previous 
literature reports of aluminosilicate dissolution studies as the 
main interest has been the long term dissolution profiles. This 
fast initial Ca release and subsequent re-adsorption on the 
aluminosilicate surface may be significant in the early 
hydration reactions of a blended cement system. This 
presentation discusses its influence on the later and thus 
overall reaction kinetics of dissolution. 
 
[1] Hamilton, J.P. et al (2001). Geochimica et Cosmochimica 
Acta, 65, 3683-3702. [2] Hellmann, R. (1995). Geochimica et 
Cosmochimica Acta, 59, 1669-1697. [3] Oelkers, E.H. et al 
(2009). Reviews in Mineralogy & geochemistry, 70, 87-124. 
[4] Hench, L.L. et al (1978). Journal of Non-Crystalline solids, 
28, 83-105. 
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Microbial metabolism can alter the solubility of priority 

radionuclides including uranium. Here, we explore the 
potential for biostimulation to accomplish the long-term 
removal of U(VI) from groundwater by: adding an electron 
donor to stimulate U(VI) reduction by the natural microbial 
community present in different sediments obtained from a 
nuclear licensed site; investigating the role played by residual 
electron donor in buffering oxidative remobilisation of U(IV); 
and by stimulating an environmental isolate of Serratia to 
reduce U(VI) and/or precipitate uranium-phosphate minerals 
under anaerobic conditions. 

The natural microbial community in a variety of different 
soils was able to remove 0.05 mM U(VI) from solution when 
supplied with acetate and lactate as electron donors, including 
at 10°C, representative of UK groundwater temperatures.  

Microbially-reduced U(IV) was fully remobilised after 
exposure to oxygen in batch experiments, while around 60% 
was remobilised by exposure to nitrate. The presence of 
residual electron donor controlled U(IV) remobilisation 
kinetics. X-ray absorption spectroscopy results suggested that 
microbially-reduced U(IV) did not become more crystalline 
(and therefore recalcitrant) after 4 months of ageing.  

Finally, a Serratia species was used in pure culture 
experiments to explore the range of end-member biominerals 
that could be precipitated via biostimulation processes. Cells in 
an anaerobic minimal medium supplemented with glycerol 
phosphate removed 1 mM U(VI) from solution, precipitated  as 
uranyl phosphate (autunite) minerals. A black nanocrystalline 
mineral, likely uraninite, was precipitated by washed cell 
suspensions containing 0.5 mM U(VI) as the sole electron 
acceptor and glycerol as an electron donor. The stability of 
these biomineral phases is now being studied. 

Collectively, this work demonstrates the potential for 
biostimulation to control aqueous uranium solubility in 
groundwater / sediment systems from a nuclear site, and 
highlights the complex interplay between uranium solubility 
and electron donor and phosphate concentrations. 
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Sulfate plays a key role in Earth’s carbon cycle where it 

acts as the most important oxidant for organic carbon after 
oxygen. Mass extinction intervals are commonly linked to 
carbon cycle instability by rapid carbon isotope fluctuations. 
Part of this volatility could be linked to lower oceanic sulfate 
concentrations and the resulting changes in carbon cycle 
operation.  

The rate of change of seawater-sulfate isotopic 
composition gives an indication of sulfate concentration. 
Carbonate-associated sulfate (CAS) across the Permo-Triassic 
and early Toarcian mass extinction intervals displays rapid 
rates of isotopic change (5-14‰ Ma-1 and 60-350‰ Ma-1 
respectively) consistent with low marine sulfate concentrations 
[1,2]. New bivalve shell CAS records from a high latitude 
Cretaceous-Palaeogene section also record similar high rates of 
variability (2-16‰ Ma-1) establishing a tentative link between 
low sulfate, mass extinction and large igneous province 
eruption.  

Estimates of sulfate concentration from CAS isotopic 
change sit uneasily with records of sulfate concentration 
derived from halite fluid inclusions, particularly for the late 
Permian, but also for the other intervals. If the CAS data 
represent a good estimate of sulfate concentration, they 
establish low sulfate as a potential contributing factor for 
volcanic climate change driven mass extinction. In this case 
the discrepancy with fluid inclusion data constrain the 
magnitude of sulfate drawdown of intervening evaporite 
deposition episodes. Alternatively, there may be a systematic 
difference in the way each proxy derives sulfate 
concentrations. 

  
[1] Bottrell, & Newton, Earth-Sci. Rev., 2006. 75: p. 59-83. [2] 
Newton, et al Geology, 2011. 39: p. 7-10. 
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The Williston Basin has produced oil and gas from 
permeable sedimentary rocks for more than 60 a. Horizontal 
drilling and hydraulic fracturing of the 359-Ma tight Bakken 
Shale have resulted in recent increases in production of oil 
with an estimated several billion barrels of recoverable 
reserves (Gaswirth & Marra, 2014).  Oil production on such a 
massive scale raises the risk of an accidental release of 
coproduced formation water (brine) into the environment and 
requires the use of tracers that can distinguish between the 
brine sources.  Radiogenic 87Sr/86Sr is widely used in 
hydrological studies to determine potential sources of 
groundwater contamination. Traditionally, the stable Sr 
isotopic ratio (88Sr/86Sr) has been used only to correct for 
isotopic fractionation during laboratory analyses.  New 
analytical advances have detected natural mass-dependent Sr 
isotope fractionation.  We used a double spike TIMS method 
(Neymark et al., 2014) for analysis of paired 87Sr/86Sr and δ88Sr 
(defined as the permil deviation from 88Sr/86Sr in SRM-987 
NIST standard) in surface water, shallow groundwater, and 
brines from the Bakken Formation (tight black shale/siltstone) 
and Missi-ssippian Charles Formation (permeable dolomitic 
limestone).  

The Charles Formation brines show lower 87Sr/86Sr (0.7079 
to 0.7089) and δ88Sr (0.04 to 0.19 ‰, n=6) values than Bakken 
brines (0.7098 to 0.7111 and 0.54 to 1.44 ‰, respectively; 
n=10). Fields of the Sr isotopic data do not overlap, thus 
allowing identification of brine sources and of potential 
formation water cross flow between the stratigraphic units. 

87Sr/86Sr and δ88Sr data for water samples from Goose Lake 
oil field in Williston Basin confirmed previous results by 
Peterman et al. (2012) that traditional 87Sr/86Sr can detect small 
amounts of Charles Formation brine contamination. However, 
the combination of radiogenic and stable Sr isotopic data, both 
insensitive to surface water evaporation, shows a more 
straightforward binary mixing relationship compared to 
87Sr/86Sr vs. 1/[Sr] systematics. Our data demonstrate the 
potential of δ88Sr as a new sensitive isotopic tracer in brine-
groundwater systems. 

[1] Gaswirth & Marra, 2014, Oil & Gas J., Jan. 6, 48-53. [2] 
Neymark et al 2014, JAAS, 29, 69-75. [3] Peterman et al 2012, 
Appl. Geoch 27, 2403–2408. 
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The extent to which human activities affect secondary 
organic aerosol (SOA) formation and evolution is highly 
uncertain and poorly understood. The SE US is characterized 
by high emissions of both biogenic and anthropogenic sources, 
ambient measurements in such areas can provide invaluable 
insights into the interaction of biogenic and anthropogenic 
emissions and aerosol formation. In this work, a High 
Resolution Time-of-Flight Aerosol Mass Spectrometer was 
deployed at multiple sites in the greater Atlanata area and 
Centerville Alabama for SCAPE (Southeastern Center for Air 
Pollution and Epidimiology) and SOAS (Southerm Oxidant 
and Aerosol Study), respectively. For SCAPE, we deployed 
the HR-ToF-AMS at at four different sites in the Atlanta area 
from 2012-2013, including: Jefferson Street (urban), Yorkville 
(rural), a roadside site (near Highway 75/85), and a near 
roadside site (Georgia Tech campus). During SOAS (June-July 
2013), the HR-ToF-AMS was coupled to a Particle-Into-
Liquid-Sampler and Cloud Condensation Nuclei Spectrometer 
to investigate the chemical composition of water soluble 
organic aerosols. We performed factor analysis of all the AMS 
datasets to understand the sources of organic aerosols in the SE 
and their processing in the atmosphere. The OA source 
apportionment at each site will be reported. In general, the OA 
in the SE is dominated by oygenated organic aerosols (OOA). 
The prevalent factors are LV-OOA, SV-OOA, and isoprene-
OA. Comparison of datasets at different seasons in the year 
indicates that while LV-OOA and SV-OOA are prevalent 
throughout the year, isoprene-OA is only observed in warmer 
seasons. Our results show that all of the dominate OA factors 
are correlated with an anthropogenic component, higlightening 
the significant influence of anthropogenic pollution on SOA 
formation in the SE US.  
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Well understanding of the landuse control of groundwater 

pollution is needed to better manage groundwater quality. In 
this study, we assessed the spatio-temporal variations of 
groundwater quality in a basaltic aquifer as an unique source of 
drinking water supply in the Pyosun watershed, Jeju volcanic 
island, Korea. A total of 368 groundwater samples were 
collected from 32 groundwater wells on a monthly basis for 
one year between November 2010 and November 2011. Basis 
parameters such as pH, Eh and EC, and the concentrations of 
major ions of water were assessed using the principal 
component analysis (PCA) to examine the processes 
controlling the water chemistry. PCA results showed that two 
factors explain 70.69% of the total variance of dataset: 1) the 
first factor (F1) had the positive loadings with EC, Ca2+, Mg2+, 
Na+, Cl-, and NO3

-, indicating the impact of agricultural 
pollution, and 2) the second factor (F2) had the positive 
loadings with pH, HCO3

-, and K+, which was explained by 
natural process (i.e., water-rock interaction). Based on the 
factor scores, we classified the wells (and waters) in the study 
area into four types (pristine, polluted, recharge water, and 
transitional). The results of classification showed a good 
spatial control of water quality in relation to the topography 
and land use within the watershed. In addition, a small number 
of groundwater wells representing the pristine versus polluted 
waters were chosen to be proposed for an optimized 
monitoring network with cost efficiency. 
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Researched results on geochemistry of major, trace and 
isotopic elements from igneous formations in NE Vietnam area 
have established a Sodium alkaline igneous Province (Chi 
Nguyen et al 2004), which consist of a chain of alkaline 
igneous formations: ijolite- melteigite- jacupirangite- 
nepheline syenite rocks from Pia Ma massif (Tuyen Quang) 
toward SE distance ~200km via Bang Phuc massif (Bac Kan), 
and then to Ngoi Biec one (Yen Bai) towards SW~ 250km, 
they created a assemblage of alkaline ultramafic-mafic and 
nepheline syenite rocks at Viet Bac Craton, that is a part of 
South China Platform margin. The research on petrogenesis of 
the above mentioned alkaline rocks show that :  

1. Alkaline ultramafic – mafic rocks and nepheline syenite 
has a very high content of (Na2O+K2O) from (1.94-8.4%) to 
(9.62-16.7%), high Al2O3 from (6.88-16.93%) to (17.2 - 
24.32%) belong to both alkaline ultramafic- mafic groups and 
nepheline syenite rock. The P2O5 content of those 2 groups is 
very high (0.7- 1.10%). Agpait Index (AI) of nepheline syenite  
rocks < 1, but Na > K and Ca,Mg contents is high, showing 
nepheline syenite is the miaskitic type. The total content of 
(REE+Y) varies from164÷432ppm with 
Ce/Y=2.83÷6.64,(La/Sm)N=4.12,(Ce/Sm)N=2.64, (Yb/Lu)N = 
1.27, Eu/Eu*= 0.1-0.28.  However, the range isotope content 
of Sr and Nd in whole rocks of Pia Ma and that of Cho Don are 
different, in Pia Ma: 0.705846 ÷ 0.706419 and 0.511831 ÷ 
0.511975 with value of εNd = - 2.35 ÷ +0.12 belong to EM1- 
type and aged in 519 ± 40Ma (Early Cambrian); in Cho Don: 
0.709893 ÷ 0.718356 and 0.511854 ÷ 0.512010 with value of 
εNd = - 9.79 to - 2.9 belong to EM2-type and  aged  in 231 ± 23 
Ma (Late Triassic ). 

2. The geochemical characteristics of trace elements and 
isotope from above rocks indicated that, have fractional 
crystallization of a mixed magma liquid with composition of 
nephelinite derived from partial melting of depleted mantle 
source. This magma source may intruded into crust at Pia Ma 
in Early Paleozoic (Paleohotspot trace) and then at Cho Don 
and Ngoi Biec in Late Triassic (Mesohotspot traces) as they 
pass over "hotspot" in mantle. Possibly, this hotspot 
reactivated in Eocen and by the way to open the East Sea. The 
movenment speed of South China Plate towards North is about 
0.7-2,2 mm/year. 
 

Keywords: Sodium alkaline Igneous, Ijolite-Melteigite-
Jacupirangite; nepheline syenite, Hotspot Traces  
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To understand the solidification processes of natural 

magma, we have carried out in situ observation of the 
crystallization of a basaltic melt cooling from ~1240°C in a 
moissanite cell.  Olivine or clinopyroxene (cpx) appeared as 
the liquidus phase before the formation of plagioclase.  During 
cooling at 100°C/hr, the morphology of olivine and cpx 
transited from tabular to hopper habit, and crystal grow rate (of 
the order of 1×10-8 m/s) is roughly proportional to crystal size.  
In one experiment dominated by olivine crystallization, the 
good image quality (Figure 1) allows the analysis of texture 
evolution.  Nucleation of olivine occurred only in a narrow 
temperature and time interval below the liquidus.  Two-
dimensional length- and area-based crystal size distributions 
(CSDs) show counterclockwise rotation around axes of 8 µm 
and 100 µm2, which is attributed to the proportionate crystal 
growth.  CSDs also indicate the dissolution of small crystals 
(Ostwald ripening).  These data show that conventional 
analyses of crystal size distributions of igneous rocks may be 
in error – the slope of the CSD cannot be interpreted in terms 
of a uniform growth rate and the intercept with the vertical axis 
does not correspond to a nucleation density. 

 

 
Figure 1: Real-time photomicrograph of olivine crystals in a 
basaltic melt cooling at 100°C/hr. 
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Phosphorus (P) is an essential element and is thought to 

control marine productivity over both geological and shorter 
time scales. Although the sediment is the major sink of 
allothogenic and authigenic P in the open ocean, the 
sequestered P in the sediments could be released into the 
overlying water column. Therefore, knowledge of abundance 
and phase/chemical speciation of P in open ocean sediments 
and its potential to be returned to water column is important to 
better understanding of biogeochemical cycling of P in the 
ocean.  

Surface sediment samples were collected from the central 
Pacific Ocean (4.5-15°N, 154-143°W) by box-corer during 
Dy29 cruise of R/V HAIYANGLIUHAO in 2013. In addition 
to total P (TP), five sedimentary P species operationally 
defined by sequential extraction techniques (SEDEX) were 
quantified to examine the partitioning of P among different P 
phases. TP concentrations ranged from 13.2 to 119 μmol-P/g.  
Total inorganic P (TIP) concentrations varied from 11.1 to 121 
μmol-P/g, while TOP concentrations changed from undeteable 
to 4.8 μmol-P/g. Overall, inorganic P was generally the 
predominant form in the surface sediments, comprising on 
average up to 93% of the sedimentary P in the study area. 
Within the sedimentary P pool, the authigenic or CaCO3 
bound P and detrital P were the two predominant P species 
(43.4% and 45.7% of TP, respectively), followed by the 
refractory organic P, representing about 6.7% of TP. Fe-bound 
P accounted for about 3.3% of TP, and the readily 
exchangeable adsorbed P was only 0.9% of TP. These results 
suggest that most of the labile P had been regenerated or 
remineralized into the water column during its setting from 
surface to the seafloor. The high proportion of authigenic P in 
the deep-sea sediments suggests that open ocean could be an 
important sink for reactive P in the ocean. 
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As an important source of world’s Cu, Ni and PGE, 

magmatic sulfide deposits form by the oversaturation and 
separation of sulfide liquid from the host mafic/ultramafic 
magma. The sulfide drops sink in the magma chamber, 
scavenging chalcophile elements from surrounding 
silicate melts

[1]
. During this process, the ability 

of sulfide liquid to scavenge ore elements such as 
Cu is largely controlled by the diffusivity of Cu. 
However, no copper diffusion data are available at all in the 
literature. In this study, diffusion experiments have been 
carried out to study copper diffusion in basaltic melts. 

Diffusion couple experiments were carried out at 1 GPa 
and 0.5 GPa through a temperature range from 1300°C to 
1500°C in a piston-cylinder apparatus. The couple contained 
two dry glass cylinders juxtaposed together, one with ~100 
ppm Cu and the other with ~1100 ppm Cu, both synthesized 
and having similar major element composition as the Etna 
basalt. Diffusion profiles in the quenched products were 
analyzed using an electron microprobe, with a 15 kV, 40 nA 
point beam, and a counting time of 240 s by three 
spectrometers at the same time. 

 Our preliminary results show that Cu diffusivity in 
basaltic melt is very high with small activation energy, similar 
to Na diffusivity in basaltic melt, 5-10 times that of Co[2] in 1-
bar basaltic melt, and 10-40 times that of S in the similar Etna 
melt[3]. The rapid diffusion of Cu implies that incorporation of 
Cu in sulfide droplets is not kinetically limited. The large 
difference between diffusivities of Cu and other heavy metal 
elements may indicate a potential way to kinetically fractionate 
Cu from other metal elements (such as Au, Ni, PGE etc.). 
 
[1] Naldrett, A. J. (2004). Springer. [2] Zhang, Y., Ni, H., & 
Chen, Y. (2010). Reviews in Mineralogy and Geochemistry, 72 
(1), 311-408.  [3] Freda, C., Baker, D. R., & Scarlato, P. 
(2005). Geochimica et cosmochimica acta, 69 (21), 5061-
5069. 
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Western Minnesota, USA, is a regional locus of drinking-

water-wells yielding high arsenic (As) groundwater 
(As>10ugL-1). The arsenic appears to have a geogenic source 
or sources derived from Des Moines Lobe glacial tills.  The As 
concentrations vary widely in neighbouring wells with 
otherwise similar water chemistry [1,2].  Moderate As 
concentrations in the aquifer sediments (3-10 mg kg-1) and 
heterogeneous distribution of wells yielding high As 
groundwater indicate that speciation of As in the solid phase is 
an important factor in the liberation of As to groundwater.  

The goal of the present research is to identify stratigraphic 
units and hydrogeological parameters that create high As risk 
in groundwater and well water.  Our working hypothesis is that 
the aquitard-aquifer contact is a geochemically active zone in 
which reduced As species are liberated to the aquifer from the 
glacial tills through oxidation processes.  To test this 
hypothesis, a micro-X-ray absorption spectroscopy (µXAS) 
speciation mapping method was developed to quantify As 
species in glacial sediments that exhibit high inter-particle 
heterogeneity at the micron-scale [3].  

We applied the speciation mapping approach to aquitard- 
contact zones at three locations in western Minnesota.  When 
paired with point-XAS measurements of iron (Fe) and As 
speciation, the data reveal that As is in a reduced chemical 
state within the aquitard, and is correlated spatially with Fe 
sulfide minerals at the micron scale.  Solid-phase As in aquifer 
sediments are largely oxidized As(V).  At the aquifer-aquitard 
contact, As is observed in a mixture of reduced and oxidized 
forms indicating redox processes in this zone. 

 
This work was supported by LBNL-ALS, ANL-APS, 

USGS-MNWRRIP, MGS, and CURA.   
 
[1] Berndt & Soule (1999) Minnesota Arsenic Research Study: 
Report on Geochemistry.  [2] Erickson & Barnes (2005) Water 
Research 39 4029-4039.  [3] Toner et al (accepted) Env. 
Chem. 
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The Mansah diapir, located ~25 km from the fossilized 

spreading axis of the Oman ophiolite, offers a unique 
opportunity to study the petrologic consequences of off-axis 
melt delivery. Field mapping, combined with geochemical and 
Sr and Nd isotopic analyses of samples from the Moho 
Transition Zone (MTZ), reveals that the magmatic processes 
occurring in this setting differ greatly from those which take 
place during axial melting. The MTZ of the Mansah diapir 
crosscuts the foliation of the surrounding harzburgitic 
lithosphere. It is composed of massive pyroxenites and dunites 
and is devoid of plagioclase, and thus contrasts markedly with 
the MTZ of axial diapirs, which consist of gabbro and dunite. 
Though gabbro is absent within the Mansah diapir, gabbroic 
and microgabbroic amphibole-bearing sills and lenses intrude 
into the surrounding mantle and overlying crust.  Such 
intrusions have not been reported from elsewhere in the Oman 
ophiolite.  Clinopyroxenes from the Mansah MTZ pyroxenties 
have very low concentrations of incompatible trace elements, 
and show more marked LREE depletion than clinopyroxenes 
from gabbros of the axial MTZ.  Surprisingly, the very 
depleted incompatible element signatures of the Mansah 
pyroxenites are coupled with relatively enriched Sr and Nd 
isotopic signatures (higher 87Sr/86Sr and lower 143Nd/144Nd). 

We will show that the exceptional features of the Mansah 
diapir can be explained by the preferential melting of 
pyroxenite veins in the underlying mantle.  The derived melts 
are expected to have more enriched isotopic compositions than 
melts of peridotites. As the diapir rises, the pyroxenite melts 
interact with the depleted, hydrated off-axis lithosphere, 
forming clinopyroxene as a reaction product. Interaction with 
depleted harzburgite would have essentially no effect on the Sr 
and Nd isotopic compositions, but could explain the highly 
depleted incompatible trace element abundances. 
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Marine bivalve mollusks are valued as climate change 

recorders due to predictable growth rates and the recording of 
the ambient seawater environment into their shells (e.g., 
temperature, DIC). Bivalves that endure extreme 
environmental perturbations also exhibit alteration of the shell 
microstructure in response to the stress. Numerous studies 
demonstrate correlations between shell isotopic values and 
environmental parameters, such as δ18O and temperature, but 
the possibility of confounding isotopic signatures between 
shell layers and microstructures in a single organism, induced 
by environmental stress factors, has not been sufficiently 
studied.  

Three bivalve species (Trachycardium procerum, 
Argopecten purpuratus, Chione subrugosa) collected from the 
Peruvian coast after the 1982-1983 ENSO exhibit 
microstructural alterations in the shell in correlation with the 
sea surface temperature (SST) anomaly during the event. 
Common biomineral alterations include changes in the relative 
thickness of certain microstructural types and the loss of 
intercrystalline organic matrix components.  

δ18Oshell and  δ13Cshell data show no significant changes in 
correlation with the El Niño growth scar in any shell layers of 
T. procerum or A. purpuratus. C. subrugosa, an intertidal 
species, shows δ13Cshell and δ18Oshell depletion in the affected 
area. These data indicate that biomineralization changes are 
not synchronized with isotopic signatures. Furthermore, 
bivalve biogeochemical proxies may not be sufficiently 
sensitive to detect rapid fluctuations in SST, but potentially 
useful in detecting other localized El Niño associated events 
such as flooding. 
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Previous in situ measurements of pH, O2 and H2S pore 
water profiles in Tokyo Bay sediment have indicated electric 
currents coupling sulfide oxidation in anoxic layers with 
oxygen reduction at the surface [1]. In follow-up studies at the 
same locations we found populations of filamentous 
Desulfobulbacea closely related to those that have been 
observed to drive electric currents in laboratory incubations of 
defaunated, homogenized sulfidic sediment [2,3]. The 
sediment at the natural locations with these cable bacteria 
differed by harboring bioturbating animals (ophiuroids and 
polychaetes), abundant sulfide oxidizing, filamentous 
Beggiatoales, and a 1-3 cm thick suboxic zone with both ferric 
and ferrous iron minerals. Filament widths of the cable bacteria 
ranged from less than 0.5 µm to more than 5 µm with both 
between-filament variation and some within-filament variation.  
Measurements of electric fields confirmed activity of cable 
bacteria both in situ and in collected intact sediment cores, and 
significant lateral variation was found at both millimeter and 
meter scales. In the laboratory physical stability and enhanced 
oxygen concentrations in the overlying water could stimulate 
the activity several fold. 

In conclusion, sustainable and morphologically variable 
populations of cable bacteria occur naturally in Tokyo Bay 
sediment, where they successfully withstand mechanical stress 
from burrowing animals, limitation of oxygen, and competition 
for sulfide from other filamentous bacteria and reactive iron 
oxides. Cable bacteria and electric currents may thus be much 
more widely distributed in oxygen-sulfide transition zones than 
expected before. 
 
[1] Sayama (2011), Goldschmidt2011, 1804. [2] Pfeffer et al 
(2012), Nature 491, 218-221. [3] Schauer et al (2014), The 
ISME Journal, 1-9  
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Ionic minerals in contact with aqueous solution are 
dynamic environments in which ions continuously attach to 
and detach from surface sites, leading to reorganization of 
surface structure and composition. The relative magnitude of 
ion attachment and detachment fluxes depends on the fluid 
composition at the mineral-aqueous interface, and growth 
occurs when the forward ion flux is greater than the reverse. 
Kinetic isotope fractionation arises from the mass-dependent 
rates of ion attachment to and detachment from active surface 
sites. While fractionation during ion attachment is likely 
governed by the mass-dependence of ion desolvation kinetics, 
fractionation during detachment (i.e. metal-ligand exchange) 
likely depends on the bond energetics of surface sites. Both 
processes are areas of active research. 

We will present the framework and application of a model 
that uses classical crystal growth theory to predict solid-
aqueous kinetic isotope fractionation during mineral growth. 
The isotopic composition of growing minerals depends on (1) 
equilibrium partitioning between constituent aqueous species, 
and (2) isotope enrichment at the surface due to net attachment 
and detachment fluxes. The slow nature of solid-state diffusion 
precludes extensive isotope exchange between phases, so all 
measured isotope fractionation factors reflect to some degree 
the surface conditions during growth. Trends in isotopic 
composition preserved in deep-sea carbonates will be re-
evaluated in light of these new perspectives on the nature of 
the mineral-aqueous interface. 
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There exist many long-standing questions surrounding 
nucleation from solutions due to a lack of experimental 
approaches suitable for probing this seminal event in mineral 
formation. While electron and x-ray based techniques have 
allowed observations at length-scales appropriate for the initial 
stages of nucleation, these techniques have traditionally 
required the sample to be held under vacuum and therefore 
have only provided isolated slices in time of the formation 
process. In situ experimental approaches, while allowing the 
evolution to be followed over time, have either lacked the 
appropriate time resolution (scanned probe microscopy) or 
spatial resolution (optical microscopy and spectroscopy). 

Within the past decade developments in transmission 
electron microscopy (TEM) have produced platforms allowing 
observation of fluid environments. Using fluid cell TEM, we 
observe direct formation of amorphous calcium carbonte 
(ACC). Furthermore, we observe the direct formation of the 
three predominant crystalline phases of calcium carbonate: 
calcite, vaterite, and aragonite. The direct formation of the 
crystalline phases is observed under conditions in which ACC 
readily forms. These observations provide direct evidence that 
multiple phases of calcium carbonate can form directly without 
the intermediate stage of ACC. For all phases measured, we 
find radial/edge growth rates following nucleation are linear 
with respect to time. 

Beyond these direct formation pathways, we additionally 
observe transformation from ACC to aragonite and vaterite, 
but, significantly, not to calcite. In these observations, ACC 
transforms directly to the crystalline phases, rather than 
undergoing a process of dissolution and reprecipitation. These 
formation pathways are confirmed by collecting diffraction 
information of the various phases of calcium carbonate. 

Finally we observe two different dissolution behaviors for 
ACC. Some ACC particles disappear like liquid droplets, while 
others exhibit the pitting and rough edges common for solid 
particles.  This suggests that ACC may be a term that either 
encompasses a few discrete structures, as proposed in some 
literature, or describes a spectrum of structures encompassing 
the amorphous solidifaction from a dense liquid precursor. 
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The petrogenesis of plagioclase ultraphyric lavas (PUB) 

represents one of the oldest open questions in petrology.  The 
central issues relate to a number of their characteristics. 1) 
Plagioclase megacrysts are too anorthitic to be in equilibrium 
with their hosts. 2) The host lavas fall on an olivine/plag liquid 
line of descent. However, the ratio of plagioclase to olivine is 
usually on the order of 10 or more – not the proportions one 
would expect of lavas crystallizing on the olivine–plagioclase 
cotectic. 3) Both plagioclase megacrysts and the melt 
inclusions in them exhibit a wide range of minor and trace 
element and isotopic compositions. 4) PUB lavas occur along 
ridges with slow to intermediate spreading rates or off axis at 
fast spreading ridges – environments that generally have no 
long term axial magma chamber (AMC). 

Based on detailed analysis of a globally distributed set of 
PUB lavas, we present a new model for their petrogensis.  
Based on estimates of the density of the PUB host lavas and 
their crystal cargo, PUB lavas do not originate by crystal 
flotation because in the vast majority of cases, the plagioclase 
megacrysts are more dense than their host.  If plagioclase 
flotation was the primary mechanism for their origin, PUB 
lavas should be found predominantly in areas with AMCs. 

PUB lavas only occur at ridges without an AMC because 
such a body would act as a density filter, preventing the 
megacrysts from being carried upward.  Only with magma 
ascent rates on the order of 1 cm/sec will the upward mobility 
of crystals exceed the rate of settling.  This model also explains 
how crystal sorting might enhance the relative proportion of 
plagioclase in PUB.   

The diverse compositional signal, and modal proportions 
are consistent with a petrogenetic model wherein the PUB 
crystal cargo represents a sampling of megacrysts formed near 
the base of the crust prior to magma homogenization.  The 
relatively homogeneous composition of some elements in 
plagioclase megacrysts (e.g. Sr) is attributable to diffusive re-
equilibration post crystallization but prior to being swept up 
and transported to the surface.   

The geochemical signal represented in the megacrysts 
represents a long term sampling of the range of primitive (as 
indicated by the high An content) compositions present at that 
ridge segment – modified by varying amounts of diffusive 
equilibration. 
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Large uncertainties exist regarding the amount of 

subducted slab material that is discharged into the mantle 
wedge and how these fluxes contribute dynamically and 
chemically to arc volcanism. In particular, it is interesting that 
sediment subduction is almost ubiquitous while many arc 
sections appear to have attenuated or almost absent sediment 
signatures. Other arcs have been inferred to carry strong 
chemical signatures from altered ocean crust, even though 
sediment subduction is clearly taking place. 

The novel stable isotope system of the element thallium 
(Tl) has been proposed as a tracer for contributions of pelagic 
sediments and oceanic crust altered at low temperature from 
the subducting plate to the mantle wedge [1, 2]. The Tl isotope 
system is unique because the mantle is isotopically 
homogenous and depleted in Tl, whereas pelagic sediments 
and altered oceanic crust are enriched in Tl by several orders 
of magnitude and exhibit highly fractionated Tl isotope 
compositions [1, 2]. Thallium isotopes are, therefore, 
potentially suited to determine distinctive slab fluxes 
contributing to arc lavas. 

We have measured Tl isotope compositions and 
concentrations for a suite of mainly basaltic lavas from the 
Aleutian arc [3]. Thallium isotope compositions form a 
positive trend with Sr/Y ratios whereby higher Sr/Y ratios are 
associated with Tl isotope compositions that are heavier than 
upper mantle. High Sr/Y has been interpreted as a signature of 
ocean crust melting [4], whereas heavy Tl isotope 
compositions almost exclusively are associated with 
ferromanganese marine sediments [2]. It is, therefore, unclear 
what the origin of this correlation is.  

The present data set does not include adakites with 
extremely high Sr/Y from Adak Island, the type locality for the 
proposed ocean crust melts [4]. We will present further 
analyses of Tl isotopes for adakites in order to investigate the 
origin of Tl isotope variation in the Aleutians and their relation 
to slab fluxes. 
 
[1] Prytulak et al (2013) Chem. Geol., 345, 139-149. [2] 
Nielsen & Rehkämper (2011) in Handbook of Environmental 
Isotope Geochemistry, M. Baskaran. Springer. p. 247-270. [3] 
Plank (2005), J. Petrology, 46, 921-944. [4] Kay (1978) J. 
Volcanol. Geotherm. Res. 4, 117-132.  
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Mantle sulfides play a key role in constraining fluxes of 

chalcophile elements to the Earth’s surface and strongly 
influence the U/Pb and Re/Os radiogenic isotope tracers during 
mantle melting. The sulfur content of the mantle, however, is 
difficult to determine owing to its scarce abundance and 
difficulty in establishing its behavior during Earth accretion 
and subsequent core formation. Previous studies have therefore 
relied mostly on sulfide and/or chalcophile element 
abundances in exhumed mantle samples or S content of mantle 
melts.  

We present trace element concentration data for 97 mid 
ocean ridge basalt (MORB) glasses that cover all major 
spreading centers. Our data reveal that the ratio between the 
elements thallium (Tl) and cerium (Ce) is nearly constant in 
MORB, providing strong evidence that the depleted MORB 
mantle (DMM) has essentially uniform Ce/Tl. We argue that 
Tl and Ce are controlled by residual sulfide and clinopyroxene, 
respectively, during mantle melting due to their highly 
differrent ionic charges and radii.  

We have performed models of fractional mantle melting, 
which reveal that the tight relationship between Ce and Tl in 
MORB is only reproduced if the ratio between clinopyroxene 
and sulfide in the upper mantle varies by less than 10%. In 
addition, the rate of melting for these two phases must be 
nearly identical as otherwise melt depletion and refertilization 
processes would lead to Ce/Tl fractionation.  

These model results allow us to establish the relationship 
[S]DMM = SCSS × Mcpx ⁄Rcpx, where SCSS is the sulfur 
concentration of a silicate melt at sulfide saturation, Rcpx is the 
melt reaction coefficient that determines the rate at which 
clinopyroxene is removed during melting and Mcpx is the 
modal abundance of clinopyroxene in the DMM. Using this 
equation, we calculate that the average upper mantle sulfur 
concentration is 195 ± 25 μg/g. 
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Over the last decades, concepts involving compound 
specific stable isotope analysis (CSIA) have been developed 
allowing the qualification and quantification of 
biotransformation in situ and evaluation of the related reaction 
mechanisms of microbial biotransformation of  common 
groundwater contaminants such as the chlorinated ethenes but 
also pesticides such as γ-hexachlorocyclohexane (Lindane). 
Brominated subtances are present in the environment as well 
either from natural or anthropogenic sources and have 
applications e.g. as flame retardants or biocides. Compared to 
their chlorinated analogues, however, the biotransformation 
pathways of these brominated substances are largely unknown 
and concepts to assess their fate in situ are absent.  

As several microorganisms were observed capable of 
dehalogenation of both brominated and chlorinated analogues, 
it was assumed similar pathways may be involved in the 
removal of chlorinated and brominated analogues.  Therefore, 
carbon and bromine stable isotope fractionation was tested 
during biotransformation using model microorganisms and 
substances and the extent in observed carbon and chlorine 
stable isotope composition was compared. Main questions 
addressed were: can CSIA be used to monitor the fate of 
brominated organics in the environment? Can the knowledge 
of dechlorination be directly transferred for evaluation of 
debromination processes? Are debromination and 
dechlorination reactions the same, taking place at the same 
enzyme? And, are the same or different microbial communities 
in the in situ dehalogenation of brominated vs. chlorinated 
organics?  
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The Lalezar granitoids crop out within the Urumiyeh-

Dokhtar Volcanic Belt (U-DVB) which is the largest volcanic 
belt in Central Iran. These granitoids intrude Eocene volcano-
sedimentary rocks and range from gabbrodiorites to granites, 
with dominance of diorites and tonalites. The mineral 
composition of the most felsic rocks is characterized by the 
abundance of Na-plagioclase, quartz, alkali feldspar and biotite 
(and hornblende, in granodiorites and tonalites). In dioritic and 
gabbroic rocks, plagioclase (Ca-rich, in the most mafic 
lithologies), hornblende, biotite and clinopyroxene are the 
most common minerals, sometimes accompanied by 
orthopyroxene. Two kind of enclaves have been identified 
within the intrusive rocks: some display the same features of 
the andesitic country volcanic rocks, and therefore, are 
interpreted as xenoliths; others have mineral assemblages 
similar to those of the enclosing granitoid but with larger 
proportions of mafic minerals, which suggests that they can 
represent disrupted portions of sectors of the magma chamber 
where preferential settling of heavy minerals took place. Major 
element geochemical data show that the Lazelar granitoids are 
mostly metaluminous, although the most felsic members 
(granites) attain slightly peraluminous compositions, with 
A/CNK varying from 0.85 to 1.03. Harker diagrams show, in 
general, good linear correlations that agree with a genetic 
relationship between the different granitoids, through 
fractional crystallization of plagioclase, pyroxene, amphibole, 
oxide minerals and apatite. In primitive mantle-normalized 
trace element spiderdiagrams, the analysed samples display 
strong enrichment in LILE compared to HFSE (15.78≤	  RbN/YN 
≤ 81.96), accompanied by negative anomalies of Nb, Ta and 
Ti. REE chondrite-normalized plots show moderate LREE 
enrichment (3.32 ≤ LaN/LuN ≤ 6.36) and slight to strong 
negative Eu anomalies (0.46 ≤ Eu/Eu* ≤ 0.92). In conclusion, 
the petrographical and geochemical features show that the 
Lalezar intrusives fit into I-type granitoids, belong to the calc-
alkaline series and probably have been generated in a 
continental arc setting, which agrees with models previously 
presented to the U-DVB. 

Funding: Shahid Bahonar University of Kerman (Iran); 
FCT (Portugal), through project Geobiotec (PEst-
OE/CTE/UI4035/2014). 
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Sampling of groundwaters at depth in crystalline bedrock 
requires access to boreholes and, therefore, involves special 
difficulties. The natural groundwater conditions are easily 
disturbed especially by the drilling, but also by almost every 
subsequent activity performed in the borehole. The challenge 
of obtaining high quality hydrochemical data that accurately 
represent in situ conditions has been tackled in the framework 
of the programme for the deep geological disposal of spent 
nuclear fuel performed in Sweden by SKB (Swedish Nuclear 
Fuel and Waste Management Co.). The objective has been to 
describe the chemistry and distribution of groundwaters as well 
as their origin and the hydrogeochemical processes involved in 
their evolution. Finally, based on that, one of the main 
purposes is to predict the future evolution of the groundwater 
chemistry and also to support the hydrogeological models. 
Points and measures of importance in order to obtain the best 
possible sample quality and to resolve this issue are: 

Hydrochemical demands have to be considered at an early 
stage when planning for the drilling (i.e. the choice of drilling 
technique, drilling fluid and tracer). 

Flow logging and borehole imaging logging as well as a 
close cooperation with the hydrogeologists should preceed the 
choice of borehole sections and sampling procedure. 

On-line in situ measurements of Eh and pH are most 
important to avoid problems due to pressure changes and 
effects on the carbonate and on the redox systems and it is the 
only way to obtain values suitable for geochemical modelling, 
and redox modelling, in particular. 

Crucial, in order to ensure hydrochemical stability, is the 
collection of time series of samples. 

Evaluation of the quality of samples considering 
representativity and analytical performance is needed to 
produce a dataset suitable for the hydrochemical site 
description. 

However, no single method or procedure is universally 
applicable to all types of groundwater sampling programs; 
therefore, the selection of appropriate sampling mechanisms 
and materials is vital to the success of any ground-water 
investigation. 
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Short-lived isotopic systems such as 182Hf-182W, 146Sm-
142Nd and  129I-129Xe record early differentiation events in the 
Earth [1-3]. Archean rocks in many cases provide evidence for 
progressive mixing and dilution of these ancient isotopic [4-6] 
and elemental [7] heterogeneities. Initial growth of isotopic 
anomalies depends on the partition coefficients, the 
differentiation time and the decay constants; the measured 
present-day heterogeneity also depends on the mixing 
timescale and the sampling lengthscale [8-9]. Several systems 
imply survival of heterogeneities for > 1 Gyr [1,5,6,10], 
suggesting a mixing timescale comparable to that inferred for 
the present-day mantle [9,11].    

Accretion of the Earth involved multiple giant impacts, 
likely resulting in several generations of magma oceans [12] 
and an initially highly heterogeneous mantle. For siderophile 
elements, a potential additional source of heterogeneity is late 
addition of material following the end of core formation [2,7]. 
Although Hadean mantle convection is often assumed to be 
more vigorous than the present day [11], the long-term survival 
of heterogeneities argues against this. The Early Earth may 
have removed most of its heat via advection of melt [13] rather 
than convection; density stratification may have inhibited 
mixing [14]; and dehydration [15] or reduced mantle stresses 
[6] may have resulted in more sluggish plate tectonics at early 
times.  

Mantle mixing timescales that do not vary greatly over 3.5 
Gyr are compatible with petrological esimates of the rate of 
mantle cooling; whether such sluggish heat transfer can also be 
reconciled with the existence an ancient geodynamo (which 
requires rapid cooling) remains to be seen. Geoneutrino 
quantification of the Earth’s radiogenic element abundance and 
spatial distribution will ultimately help resolve these issues. 

 
[1] Rizo et al Nature 2012 [2] Willbold et al Nature 2011 [3] 
Mukhopadhyay, Nature, 2012  [4] Bennett et al Science 2002 
[5] Touboul et al Science 2012  [6] Debaille et al EPSL 2013 
[7] Maier et al Nature 2009 [8] Caro et al GCA 2006 [9] 
Kellogg et al EPSL 2002 [10] Cabral et al Nature 2013 [11] 
Blichert-Toft and Albarede Science 1994 [12] Tucker and 
Mukhopadhyay LPSC 2013 [13] Moore and Webb Nature 
2013 [14] Labrosse et al Nature 2007 [15] Korenaga GRL 
2003  
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The oceanic lithosphere begins to form at ocean ridges, 
thickens with age, reaches its full thickness of ~ 90 km at the 
age of ~ 70 Ma, and maintains the same thickness independent 
of its further aging beneath much of the world ocean floor. The 
relationship, L ∝ t0.5, between the thickness (L) and age (t) of 
the lithosphere and the seafloor heat flow data are consistent 
with conductive heat loss being the primary control. However, 
conductive heat loss continues, yet the lithosphere does not 
grow any thicker when t > 70 Ma. Many models have been 
proposed to explain this puzzle, among which small scale 
convection at the lithosphere-asthenosphere boundary (LAB) is 
most popular because such convection is thought to supply 
heat to prevent the lithosphere from thickening. We consider 
this apparent puzzle may actually be a petrological problem. 
Petrologists consider the LAB as a solidus, whereas 
geophysical models treat the LAB as an isotherm (~ 1100°C). 
For both isotherm (~1100°C) and solidus to “coincide” and to 
explain L ∝ t0.5 for t < 70 Ma and L ≈ 90 km for t > 70 Ma, the 
solidus must have a slope dT/dP ≈ 0 at depths < 90 km, and 
dP/dT ≈ 0 at a constant depth of ~ 90 km.  All these are wholly 
consistent with the oceanic lithosphere being defined by the 
stability of pargasite (amphibole): P ≤ 3 GPa (~ 90 km) and T 
≤ 1100°C.  That is, the LAB is a pargasite dehydration solidus 
of volatile-bearing mantle peridotite. 
 
[1] Green, D.H. & R. C. Liebermann, Tectonophysics 32, 61-
92, 1976 [2] Green, D.H., W.O. Hibberson, I. Kovacs & A. 
Rosenthal, Nature 467, 448-451, 2010; [3] Niu, Y. & M.J. 
O'Hara, Journal of Geophysical Research 108, 2209, 
doi:10.1029/2002JB002048, 2003; [4] Niu, Y. & M.J. O’Hara, 
Lithos 112, 1-17, 2009 [5] Niu, Y., M. Wilson, E.R. 
Humphreys & M.J. O’Hara, Journal of Petrology 52, 1443-
1468, 2011. 
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Plate tectonics and mantle plumes are different modes of 
thermal evolution of the Earth. Plate tectonics is driven by the 
top, cold thermal boundary layer (lithosphere/plates) and cools 
the mantle, whereas mantle plumes are driven by the basal hot 
thermal boundary layer (CMB) and cools the core. Both are 
independent and genetically unrelated, but when mantle 
plumes rise to reach the lithospheric plates, interaction 
between the two becomes inevitable. Because the lithosphere 
is the thinnest at ocean ridges, such interaction is best 
expressed as plume-ridge interactions with both thermal (ridge 
topography and morphology) and compositional (basalt 
chemistry) manifestations. The latter is an important subject to 
study [1]. However, plume-influenced ridges are not ideal   
locations for studying ridge processes of plate tectonics origin. 
Hence, to genuinely understand the working of global ocean 
ridges, we must avoid plume-influenced ridges (e.g., in the 
vicinity of Iceland) and remove/average out data from such 
ridges. As a result, a straightforward picture emerges, i.e., the 
correlated variations of global MORB chemistry (e.g., major 
element oxides corrected for fractionation effect to Mg# =0.72 
to be in equilibrium with mantle olivine: Ti72, Al72, Fe72, Mg72, 
Ca72, Na72, Ca72/Al72) with ridge axial depth. This observation 
is best interpreted as resulting from fertile mantle 
compositional controls by means of (a) source compositional 
inheritance; and (b) physical properties (mineralogy, density, 
buoyancy, ridge axial depth, amplitude of decompression 
melting etc.) [2]. The most recent global MORB dataset made 
available by Gale et al. (2013) [3] confirms both observations 
and interpretations by [2]. Importantly, the new dataset also 
shows spreading rate control on the extent of melting, 
particularly at slow-spreading ridges as shown previously [4]. 
 
[1] Niu, Y. & R. Hekinian, in Oceanic Hotspots, 2004 [2] Niu, 
Y. & M.J. O’Hara, J. Petrol. 2008 [3] Gale, A. et al Geochem. 
Geophys. Geosyst., 2013 [4] Niu, Y. & R. Hekinian, Nature, 
1997.  
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The fate and transport of lead in subsurface systems is 

partially dependent on adsorption to mobile colloid particles.  
It is well established that the presence of organic acids will 
alter the surface reactivity of such particles impacting the 
conditions under which lead will adsorb to the particle surface.   
Using batch adsorption experiments, combined with X-ray 
spectroscopy, we examined the effect that several organic 
acids have on the adsorption of lead to the hematite surface 
and explored the potential structures of the lead-acid surface 
complex. 

The lead-acid surface structure was studied on both 
hematite particle surfaces and single crystal surfaces.  Organic 
acids enhanced the adsorption of lead at lower pH values 
though the surface structures they form vary with acid.  Lead is 
seen adsorbed directly to the hematite surface in both the 
particle and specific surface experiments.  In addition to this 
surface structure, in the presence of citric acid and fulvic acid, 
lead is present in a film at all distances away from the (001) 
surface.  The addition of phthalic or humic acid does not result 
in the formation of the same film.  Data will also be presented 
on the (110) and (012) surfaces.  The combination of single 
crystal and particle experiments provides a more complete 
picture of lead adsorption at the iron oxide – water interface. 
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National Institute for Enviomental Studies is operating 

ocean surface pCO2 observation using volunteer observation 
ship in the Pacific. Thanks to collaboration of shipping 
companies, we have successfully continued Japan-North 
America route since 1995 and Japan-Oceania route since 2006. 
On board personnel are taking seawater samples for discrete 
measurement of nutrients. The program is joint study with 
Pacific-rim partners, Institute of Ocean Sciences (IOS, 
Canada), National Institute of Water and Atmspheric Research 
(New Zealand) and Commonwelth Scientific and Industrial 
Research Organization (Australia).  

Nitrate, nitrite, ammonium, phosphate, and silicate in 
frozen samples are colorimetrically measured at on shore 
laboratory, and more than 8000 surface samples have already 
been analyzed. The data were combined with those by ship-of-
opportunity program of IOS and with surface nutirent data 
included in PACIFICA (Paific Ocean Interior Carbon dataset). 
This study produced 120 monthly maps of sea surface nutrient 
(NO3

-+NO2
-, PO4

3- and Si) concentrations for the North Pacific 
from 2001 to 2010 using a neural network method with self-
organizing map of temperature, salinity, chlorophyll-a and 
mixed layer depth. Spatial resolution is 1 by 1 degree for 
longitude and latitude. Correlation coefficients between the 
estimation and the observation were greater than 0.8, and root-
mean-square differences were 1.8 μmol kg–1 for NO3

-+NO2
-, 

0.14 μmol kg–1 for PO4
3- and 3.6 μmol kg–1 for Si. Seasonal 

decrease of nutrient reflects surface productivity and has strong 
difference in western and eastern subarctic Pacific. The maps 
also showed spatial difference in the stoichiometric ratio of 
seasonal decreases for nutrients. The ratio of Si to NO3

-+NO2
- 

was larger in western subarctic Pacific and the Bering Sea than 
in eastern subarctic Pacific, suggesting different prevalence of 
diatoms. Impact of Pacific Decadal Oscillation on 
concentration of each nutrient was observed similar to 
dissolved inorganic carbon [1]. 

 
[1] Yasunaka et al (2014) GRL 41, in press. 
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Uranium (U) has been identified as a natural contaminant 

exceeding the US EPA MCL (30 μg l-1) in groundwater 
throughout the US.  This contamination is particularly notable 
in the High Plains and Central Valley Aquifers, two of the 
largest aquifers in the US.  Alkalinity increases have been 
traditionally attributed to mobilization of naturally occurring 
U.  However, alkalinity alone cannot explain mobilization of U 
buried as a reduced U(IV) mineral.  As such, oxidation of 
reduced U(IV) to U(VI) would be required.  In addition to 
molecular oxygen (O2) one such anthropogenic contaminant, 
nitrate, is a common oxidant.  Nitrate can serve as an abiotic 
oxidant or as an electron acceptor for microbial oxidation of 
reduced metals such as U(IV) or Fe(II).  Here we use 
multivariate spatial interpolation of 415,000 groundwater-
sampling activities at 138,000 testing locations within High 
Plains and Central Valley Aquifers to predict nitrate and U 
contamination.  Spatial correlation analysis demonstrated that 
nitrate is significantly correlated to U exceeding the MCL 
(p<0.0001) in both aquifers.  Sediment collected from a 
shallow aquifer within the High Plains revealed that virtually 
all U in the sediments existed as U(IV).  Although sediments 
were reducing, oxidized species, nitrate and U(VI), were 
present in groundwater (>30 mg/L and >30 mg/L). These data 
suggest potential for U biogeochemical cycling including 
nitrate driven U(IV) oxidation. Members of bacterial genera 
capable of anaerobic U(IV) oxidation, Pseudomonas and 
Acidovorax, and U(VI) reduction, Geobacter, were identified.  
Together these data suggest active U biogeochemical cycling.  
As such nitrate may drive mobilization of naturally occurring 
U resulting in contamination of groundwater increasing the 
risk to drinking and irrigation water. 
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Senjedeh gold deposit is one of the nine gold deposits in 

Muteh area, in the central part of the Sanandaj-Sirjan zone. 
Gold mineralization occurs in brittle shear zones and is 
comparable with orogenic gold deposits. Pyrite is the dominant 
opaque mineral and is the major phase associated with gold. 
Chalcopyrite, marcasite, galenobismutite, bismuth, galena, 
sphalerite, and pyrrhotite are subsidiary to rare phases[1]. In 
this research, the morphology of Pyrite crystals is used for 
determination of the thermal range of mineralization. The 
formation of Pyrite crystals in a mineralization zone shows the 
state of thermal range during mineralization. The needle 
crystals are formed in temperatures below or equal to 250˚C, 
with increasing temperature to 450˚C the cubic crystals with 
abundant grooves and a few octahedral surfaces are formed[2]. 
Investigation of collected Pyrite crystal from mineralization 
zones show that the cubic types with abundant pyritohedron 
are common and crystal with high density with groove surface 
are seen with smooth surfaces crystals. Therefore it is 
interpreted that pyrite have formed in the thermal range 
between 250 to 450˚C and the result of fluid inclusion studies 
also show range between 170- 410˚C.  
 
[1] Moritz R., Ghazban F., and Singer B.S., (2006), Eocene 
gold ore formation at Muteh, Sanandaj-Sirjan tectonic zone, 
Western Iran: A result of late-stage extension and exhumation 
of metamorphic basement rocks within the Zagros Orogen. 
Econ. Geol. 101 1497-1524. [2] Murowchick J. B., Barenes H. 
L., (1987), Effects of temperature and degree of 
supersaturation on pyrite morphology, American Mineralogist 
72 1241-1250.  
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Very limited information exists about the source, 
distribution, occurrence, and human-health effects of arsenic-
contaminated surface waters and groundwaters in Iran. Yet the 
geological conditions would suggest a strong probability of 
human health risks from As because of several orogenic Au 
deposits from the Sanandaj-Sirjan Zone of the Zagros 
Mountains and the strong relationship of arsenic with Au 
mineralization in particular tectonic settings. Arsenic 
poisoning is prevalent in Kurdistan Province, identified in 
1986 when a woman in Bijar, lost her legs from gangrene 
following intense skin. A positive correlation exists between 
As in hair and As dosage in drinking water for residents of 
Bijar. Reported As concentrations in drinking water for several 
villages in this area are in the tens to hundreds of μg/L and the 
highest concentration greater than 1 mg/L. About 530 drinking 
water sources in Bijar and Qorveh were sampled and As 
concentrations ranged from 42 to 1500 μg/L.  

At least five Au ore deposit types from have been 
identified: orogenic, epithermal, Carlin-type, intrusion-related, 
and volcanic massive sulphide. The most common mineral 
sources of arsenic are arsenopyrite and arsenian pyrite in these 
deposits. The Zarshuran Au mine in NW Iran contains 
abundant orpiment and realgar. Hot and cold springs also occur 
with high concentrations of As (0.2-1 mg/L) and travertines 
precipitated from these springs contain high As concentration. 
Takab-Qorveh groundwaters have As concentrations of 
0.0004-0.689 mg/L, primarily as arsenate.  

Tying the water quality conditions to the geologic 
framework is essential for understanding the sources and 
extent of As contamination in water bodies and to guide 
investigators to other high risk areas.  
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Although not strictly minerals, silicate glasses found in the 

lunar regolith carry unique information about the timing of 
impact events and volcanic eruptions on the Moon, and the 
compositions of crustal and mantle source regions, including 
volatile-enriched regions in the lunar mantle. Developments in 
sample handling and a variety of analytical approaches have 
made it possible to obtain major element, trace element, and a 
range of isotopic data from individual glass particles from the 
lunar regolith. 

The typically small size of lunar regolith glasses (≤0.1 
mm) makes determination of their formation ages a 
challenging task, especially if major and trace element 
compositions are also desired in order to distinguish volcanic 
from impact glasses or assess compositional groupings. For 
example, does compositional clustering of impact glasses 
indicate formation of multiple particles in a single event or 
numerous impacts into a common crustal source that is 
sampled repeatedly through time? Distinguishing between 
these scenarios could have significant implications for 
interpretations of lunar impact history. How large were the 
impact events that formed the regolith glasses, and how do 
they relate to the crystalline lunar impact melt breccias and 
questions about the late heavy bombardment, collisional 
evolution of the asteroid belt, and biological and geodynamic 
events on the Earth? How do volcanic glasses differ in their 
compositions and ages from crystalline mare basalts, and what 
does this say about lunar mantle source regions? 

A relatively small number of studies so far have presented 
both geochemical and age data for individual lunar regolith 
glasses, with the ages constrained by either 40Ar-39Ar or U-Pb 
isotopic data. Compositional regionality and a predominance 
of relatively young (≤1 Ga) ages suggest that most of the 
impact glasses formed by small events (<1-10 km diameter 
craters?), and therefore provide a different view of lunar 
impact history than the crystalline melt breccias which are 
mainly products of the late heavy bombardment at ~3.9 Ga. 
There does not appear to be a strong correlation between age 
and composition of these impact glasses, suggesting 
production in multiple events. The abundance of young ages 
may imply a period of enhanced impact flux, although more 
information about lunar regolith dynamics is needed.  
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A close interdependence of the countries of the Central 
Asia in questions of use of water resources is caused by that 
the majority region waterways are transboundary. Almost 80 
% of water resources of pool of Aral Sea Basin are formed in 
upstream of the rivers in territory of Kyrgyzstan and 
Tajikistan, and their prevailing part is used for needs of 
irrigation in downstream countries - in Kazakhstan, 
Turkmenistan and Uzbekistan where it is concentrated more 
than 83 % of the irrigated lands of region. 

Water relations between Central Asia republics during the 
Soviet Union time were regulated by “Complex Use and 
Protection of Water Resources Schemes” in Amudarya and 
Syrdarya basins. However, in “Schemes” many important 
aspects of ecologic acquirements and sanitarian clears thrown 
into rivers and channels were not considered. Overusing basin 
water in irrigational lands planned as maximum use by 
“Scheme” resulted in exhausting water resources and 
appearing new problems: deterioration of ecological condition, 
sometimes leading to ecological disaster in river lowlands of 
Aral basin; great pollution of river water with pesticides, 
herbicides, other harmful elements and increasing of water 
mineralization. 

Recently the problem of quality of water of the 
Transboundary Rivers of the Central Asia existing for many 
years with new coloring and sharpness rises from downstream 
countries. A problem mainly focused to the Zeravshan 
Transboundary River in basin which is Anzob Mountain-
Concentrating Combine (AMCC) Anzob Mountain-
Concentrating Combine (AMCC) - the mining enterprise for 
extraction and enrichment of complex mercury-antimony ores 
of the Dzhizhikrut deposit. 

For definition influence of the Anzob mountain-
metallurgical industrial complex on quality of the river 
Zeravshan River waters we were made sampling of water from 
the river in two points - on Fondarya and Pete is located 
accordingly before and after waste water dams of Mountain-
Concentrating Combine. Comparison of results chemical 
analyses have shown about absence of the factor of pollution 
of the river Zeravshan by waste waters of industrial complex. 
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Several recent studies have attempted to use records of the 

radiocarbon bomb peak in speleothems to understand the age 
spectrum of soil organic material (SOM) above caves to infer 
the relationship between SOM decomposition and climate in 
the past [1].  These studies assume that the degree of 
attenuation of bomb peak in speleothems is controlled by the 
mean age of soil gas at the time of speleothem formation and 
employ a simple soil carbon model to model the soil above the 
cave as three SOM pools with three distinct tunover times.  
This approach results in predictions of pre-bomb mean ages of 
soil gas above some caves on the order of decades to centuries, 
with the majority of soil gas derived from SOM pools with 
turnover times on the order of centuries to millenium.  
However these predictions are at odds with observations of soil 
gas ages, which are typically on the order of years. [2] 

The discrepency between observed the soil gas ages 
typically observed and the mean age of soil gas required by the 
shape of the bomb peak in speleothems suggest 1) that SOM in 
karst settings may have a very different age distribution than 
sites that have been studied previously and/or 2) that soil gas is 
not the predominate pathway through which modern and 
slightly aged carbon is incorporated in drip water DIC.  To 
resolve this cause of this discrepency, we have developed an 
improved model for estimating the age of soil gas above caves, 
and investigated the soil carbon dynamics at Heshang Cave, 
China.  Our work suggests that soil gas in karst sites may 
indeed be much older than soil gas in sites studied previously, 
and highlights gaps in our understanding of the pathways of 
carbon incorporation in speleothems. 
 
[1] e.g. Rudzka-Phillips et al (2013) GCA 112, 32-51. [2] 
Trumbore (2000) Ecological Applications, 10 (2), 399-411. 
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Introduction 
The Bayazeh ophiolite with Paleozoic age is a sheared, 

deformed and metamorphosed ophiolitic tectonic mélange in 
the Central–East Iranian Microcontinent [1]. The mantle 
peridotites of the Bayazeh ophiolite are strongly serpentinized 
and the serpentinite is the most abundant rock unit of this 
ophiolite. Relicts of unaltered chromian spinels in the 
serpentinites can be used as a reliable key mineral for the 
primary mantle lithology. 
Discussion 

Chromian spinels in the studied rocks are large euhedral to 
subhedral crystals and exhibit fresh cores and altered along the 
fractures and rims into ferritchromite. Based on the mineral 
chemistry, the chromian spinel cores are enriched in Cr2O3 
(49.24 to 52.75 wt%; Cr#=0.606-0.676), MgO (11.06 to 14.61 
wt%; Mg#=0.459-0.591) and Al2O3 (16.93 to 21.41 wt%) and 
depleted in Fe3+ (<0.574) contents indicating their magmatic 
nature. Compared to the cores, the low Al2O3 (<1.25 wt%) 
and MgO (<0.10 wt%) and the high Fe3+ (4.990 to 5.436) 
values of the chromian spinel rims support their metamorphic 
origin (ferritchromite).  

The chromian spinel core compositions show that the 
protolith should be a depleted mantle harzburgite which 
belongs to a supra-subduction zone [2]. Also, high amount of 
bastite in petrographic studies of the serpentinite supports that 
harzburgite was the predominant rock unit of the mantle 
peridotite. The estimated degree of partial melting for the 
Bayazeh mantle peridotite was 18% to 20% [2]. 

The chemical composition of the investigated chromian 
spinels suggest that they are metamorphosed under upper 
greenschist to lower amphibolite facies P-T conditions. Study 
of metalistwaenite, metagabbro and metapicrites of the 
Bayazeh ophiolite confirm this grade of metamorphism [1].  
 
[1] Nosouhian et al (2014) N. Jb. Geol. Paläont. Abh. 271 (1), 
1-19. [2] Nosouhian (2012) MSc.Thesis, University of Isfahan, 
Iran, 192 p.  
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Introduction 
The Bayazeh ophiolite is one of the deformed and 

metamorphosed ophiolitic tectonic mélange of Paleozoic age 
in the Central Iran [1]. The unique petrological characteristic 
of this ophiolite is regional metamorphism of listwaenites 
produced from carbonation of serpentinites.  
Discussion 

In the field study, the Bayazeh metalistwaenites are 
commonly found along the shear and/or fault zones within the 
serpentinite. Rock-forming minerals of the metalistwaenites 
are amphibole (tremolite and actinolite), carbonate minerals 
(dolomite and calcite), quartz, serpentine (antigorite), talc, 
chromian spinel, ferritchromite and chlorite. Mineral chemistry 
of amphiboles presents the low contents of TiO2 (<0.09 wt%) 
and Al2O3 (<1.02 wt%), and high value of Mg# (0.818-0.979), 
indicating their metamorphic nature. Chromian spinels show 
fresh cores and altered rims into ferritchromite. The presence 
of antigorite, talc, chromian spinel and ferritchromite in the 
metalistwaenites and the transitional change of these rocks and 
their host serpentinites indicate that their protolith should be a 
serpentinized mantle peridotite and serpentinite. 

Petrographic studies and mineral chemistry of the 
metalistwaenites reveal that the metamorphic mineral 
assemblage is tremolite + actinolite + antigorite + talc + 
ferritchromite + chlorite. This metamorphic mineral 
assemblage is typical of rocks which underwent a prograde 
metamorphism under upper greenschist to lower amphibolite 
facies P-T conditions [2]. This grade of metamorphism is 
supported by other rock units of the Bayazeh ophiolite such as 
metagabbro and metapicrite [3].  
 
[1] Nosouhian et al (2014) N. Jb. Geol. Paläont. Abh. 271 (1), 
1-19. [2] Bucher & Frey (1994) Berlin & Heidelberg 318p. [3] 
Nosouhian (2012) MSc.Thesis, University of Isfahan, Iran, 
192p. 
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Biomarkers of Organic Matter and 
Oil from Sedimentary and Crystalline 
Rocks and New Geochemical Criteria 

of the Restoration of Conditions of 
Shale Strata Formation (on example 

of the Volga-Ural region, the East 
European platform) 

FIDANIA F. NOSOVA1, SERGEY B. OSTROUKHOV2,  
IRINA N. PLOTNIKOVA1 AND NIKITA V. PRONIN1 

1Kazan Federal University, Kazan, Russia, 
2LUKOIL Engineering branch, VolgogradNIPImorneft, 

Volgograd, Russia 
 

The composition of oils and bitumens from different strata 
of the Paleozoic sedimentary cover and Precambrian 
crystalline rocks were studied. It is widely known that 
chemofossils (biological indicators) carry the information 
about the original syngenetic organic matter (OM) and are 
often used as correlation parameters for the detection of the 
conditions of sedimentation, identifying the diagenetic 
environments, the degree of catagenetic transformation and the 
maturity of dispersed syngenetic OM. The main feature of 
these hydrocarbon compounds is the ability to change the 
spatial position of certain atoms when the conditions of the 
dia- and catagenesis process are changing. The study of 
biomarkers was carried out with the help of chromato-mass 
spectrometry in the Laboratory of Geochemistry of Fossil 
Fuels, Kazan Federal University. GC/MS method was used in 
oil to investigate the individual composition of naphthenic 
hydrocarbons, primarily steranes and terpanes and another new   
biological markers. In this study we used several informative 
parameters characterizing the depositional environment, the 
type of source OM and its maturity. In the evaluation of the 
facial conditions of sedimentation and the degree of 
catagenetic conversion of the OM, the quantitative 
characteristics based not only on the distribution of steranes 
and terpanes, which are related to the lithology and maturity of 
the OM. New biomarkers parameters (carotenoids) were used 
to study the conditions of formation of shale strata. Based on 
these new data, a new model of geological and environmental 
conditions for the formation of shale strata saturated 
bituminous matter (organic matter). 

New patterns of changes in these biomarkers were found: 
up the section of the sedimentary cover - from the crystalline 
basement to the Permian sediments of the East European 
platform. The report will be presented criteria for the 
application of biomarkers of organic matter to solve geological 
problems of oil prospecting and exploration. 
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Stable isotopes in stressed ecosystems 
M. NOVAK1*, M. STEPANOVA1, F. BUZEK1, J. FARKAS1, 

V. CHRASTNY1, I. JACKOVA1, D. FOTTOVA1  
AND E. PRECHOVA1 

1Czech Geological Survey, Geologicka 6, Prague 5, Czech 
Republic (*correspondence: martin.novak@geology.cz) 

 
The paper provides an overview of successful applications 

of traditional and not-so-traditional isotopes in forest and 
wetland ecosystems of Central Europe over the past 25 years. 
Most of the studies took advantage of a sharp north-south 
pollution gradient in the Czech Repubic, others included sites 
along present-day climatic gradients. S, N, C, O, Cr, Ca, Mg, 
Pb and Zn isotope ratios were used as diagnostic tools in 
biogeochemical studies, and as tracers of dispersion pathways 
of pollutants. S isotope ratios were compared in input/output 
fluxes and the soils of 13 small forest catchments. Polluted 
catchments exported old industrial S, which was isotopically 
lighter than S deposited from the atmosphere. Unpolluted 
catchments accumulated S, which was isotopically heavier 
than the deposited S. Sulfur isotope ratios in runoff were 
strongly positively correlated with those in soil, and were 
unrelated to S isotope composition of bedrock. The within-
catchment sources/sinks of S were a result of biological S 
cycling, not sulfate adsorption/desorption. Only biological 
cycling involves S isotope fractionations. In soils, both in 
upland and wetland locations, degradation of organic matter 
was associated with preferential release of the lighter isotopes 
of S, N and C. The soil profiles exhibited isotopically heavier 
residual S, N and C with an increasing depth. In wetland soils, 
we found a significantly larger downcore positive isotope shift 
in seven different organic C forms in the temperate climatic 
zone than in boreal peat, sampled near the polar circle. We 
interpret isotopically heavier C downcore as a result of more 
dynamic peat degradation at the warmer site. Comparative 
studies along present-day pollution and climatic gradients 
provided insights into how wetlands may respond to global 
change in the next century. Peat thinning and higher biogenic 
emissions of greenhouse gases may accelerate climatic 
warming. If all wetland C was released, the CO2 concentration 
in the atmosphere would increase by 50 %. Chromium may 
serve as an example of non-traditional isotope systems 
currently studied in the Czech Republic. We found that 
dissolved geogenic Cr in serpentinite terranes, and Cr in 
industrially contaminated groundwaters are both subject of 
spontaneous self-attenuation. Residual toxic Cr(VI) becomes 
isotopically heavier than the precipitated Cr(III). 
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N cycling in two contrasting peat bogs 
M. NOVAK1*, M. STEPANOVA1, J. CURIK1, 

F. VESELOVSKY1, E. PRECHOVA1, I. JACKOVA1  
AND F. BUZEK1  

1Czech Geological Survey, Geologicka 6, Prague 5, Czech 
Republic (*correspondence: martin.novak@geology.cz) 

 
Freshwater wetlands are unique natural habitats. They also 

help to regulate the contents of greenhouse gases in the 
atmosphere. Wetlands cover mere 4 % of the Earth's land 
surface, yet they store an equivalent of half of the carbon that 
is present in the atmosphere as CO2. They also store 15 % of 
the world's soil nitrogen. At present, peatlands have a cooling 
effect on the atmosphere. There are fears that climatic warming 
may lead to peat degradation, due to higher peat decomposition 
rates. Peat thinning will be accompanied by higher emissions 
of greenhouse gases (CH4, CO2, N2O), and the cooling effect of 
peatlands may be reversed. Higher emissions of greenhouse 
gases may lead to accelerated warming. High atmospheric 
inputs of pollutant N may have a detrimental effect on the 
peatland C and N store, just like climatic warming. In rain-fed 
Sphagnum bogs, pollutant N may penetrate into deeper layers 
and cause an invasion of vascular plants, substrate aeration and 
peat degradation. Here we present data on N cycling in a 
highly polluted peat bog in the northern Czech Republic, and a 
less polluted peat bog in the southern Czech Republic. A 
biogeochemical comparative study along a pollution gradient 
may provide a quantitative insight into the response of peat 
bogs to increasing N pollution in the future. The southern site 
was characterized by faster peat accretion. The average N 
concentration in peat cores was 1.2 wt. % in the north and 0.8 
wt. % in the south. There was a trend toward lower N 
concentrations with an increasing peat depth. At both sites, a 
typical vertical δ15N profile started at the peat surface close to -
6 per mil, and first increased with an increasing depth. Across 
the sites, 5 out of 6 vertical δ15N profiles ended with 
decreasing values downcore. 
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What can fault-related opals tell us 
about brittle fault behavior? 

PERACH NURIEL1*, DAVID M. MILLER2, 
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1Department of Geological and Environmental Sciences, 
Stanford University, CA 94305, US  
(*correspondence: perach@stanford.edu, 
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The preservation of fault-filling material allows for the 

reconstruction of the deformational history of a specific 
structure. We examined fault-related opals from three different 
fault zones within the Eastern California Shear Zone: Camp 
Rock, Cady, and the Cave Mountain fault systems. Fault-core 
samples are taken from different fault splays within a wide 
damage zone (~500 m). We combine microstructural, 
geochemical and geochronological methodologies to study the 
absolute and relative timing and the formation mechanisms of 
fault-related opals in order to provide a unique record of long-
term fault activity.  

We distinguish between two main types of fault-filling 
material: (1) post-tectonic material, occurring as undisturbed 
massive or reworked material, mainly of opal mineralogy, but 
also containing various proportions of clay, carbonate soil, and 
other detrital components; and (2) syn-tectonic authigenic opal, 
occurring as cementation of sheared sigmoidal or breccia 
structures and as filling of injection or syn-deformational 
veins. For opal samples with high U concentrations (>50 ppm), 
multiple SHRIMP-RG (Sensitive High Resolution Ion 
Microprobe – Reverse Geometry) spot analyses allow the 
construction of Tera-Wasserburg concordia age. The combined 
microstructural, geochemical and geochronological results 
indicate that post-tectonic material accumulated in the fault 
zone by prolonged fluid infiltration and evaporation processes, 
as evident by the high U + REE concentrations and the very 
slow growth rates (0.5 mm/Myr). In contrast, syn-tectonic 
opals precipitated relatively fast (10 mm/Myr) by localization 
of pressure solution on fault surfaces and/or associated with 
high fluid-pressure. Crosscutting relationships and relative 
ages indicate multiple deformation phases within a single 
sample. The deformation history established in this study 
supports the interpretation of highly localized slip zones (< 5 
cm wide), characterized by 2 to 3 distinct events reoccurring 
within a specific structure. The longevity of the seismic zone 
can be estimated by the range of ages for a specific structure; 
thus far, longevity varies from 2.5 to 8.8 Myr.  
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The mixing of strongly absorbing soot particles with other 

organic and inorganic species can potentially have large effects 
on their optical and hygroscopic properties. To quantify these 
effects, a better understanding of soot particles should be 
gained by field and laboratory studies focused on studying the 
source and processing characteristics of soot. We present the 
chemical composition and morphology obtained from samples 
taken during the field based carbonaceous aerosols and 
radiative effects study (CARES) and the laboratory based soot 
aerosol aging study (SAAS). Soot particles were analyzed 
using scanning electron microscopy coupled with energy 
dispersive X-ray spectroscopy (SEM/EDX) and scanning 
transmission X-ray microscopy coupled with near edge X-ray 
absorption fine structure spectroscopy (STXM/NEXAFS). 
Results from CARES suggest that there is little morphological 
change in the soot inclusions between the urban and rural site. 
However, the degree of coating between the CARES urban and 
rural sites was significantly different. Initial results from the 
application of these spectromicroscopic measurements to the 
aerosols collected during SAAS will be presented.  
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Constraints on Mixing State 
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Individual aerosol particles are often mixtures of several 

different components such as inorganic salts, soot or elemental 
carbon, and organic molecules. The amounts of the different 
components in each particle and the particle morphologies will 
impact the CCN activity and the radiative properties of the 
aerosol population. A recent parameterization of the mixing 
state provides a clear transition between ambient 
measurements of aerosol components and particle mixing 
states used in climate models. Single particle spectro-
microscopy techniques including scanning transmission x-ray 
microscopy/near-edge x-ray absorption fine structure 
spectroscopy (STXM/NEXAFS) and computer controlled 
scanning electron microscopy/energy dispersive x-ray 
spectroscopy (CCSEM/EDX) have been used to measure the 
composition of aerosol particles from the CARES campaign. 
Here we present results from the application of the per particle 
composition to a parameterization of the mixing state and 
provide constraints on the mixing state of ambient aerosol 
particles. 
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Microtextural and geochemical 
evolution of zircon during long-lived 

metamorphism 
T. O’BRIEN1* AND E. L. MILLER1 

1Geological and Environmental Sciences, Stanford University 
*timothy3@stanford.edu 

 
Zircon plays a pivotal role in our understanding of deep 

crustal rocks, as they are often the only remaining ‘witnesses’ 
to ancient events. Variation in zircon microtextures in 
conjunction with trace and isotopic analyses has the potential 
to reveal information about the age, environment and processes 
related to sub-solidus recrystallization and/or growth from an 
anatectic melt.  

We present zircon U-Pb, Lu-Hf and REE trace element 
data from a suite of quartzo-feldspathic gneisses dredged from 
the Chukchi Borderland, a bathymetric high in the Arctic 
Ocean north of Alaska. U-Pb results exhibit a wide 
distribution, with metamorphic ages between 560-475 Ma with 
a main peak ~500-520 Ma. Within this age bracket, REE 
patterns and microtextures systematically transform with 
decreasing age: from slightly modified grains with steep 
(igneous) HREE patterns to newly formed metamorphic 
zircons with flat to negative HREE patterns. Ti-in-zircon 
thermometry suggests minimum metamorphic temperatures of 
750-850 °C for zircon recrystallization and growth. 176Hf/177Hf 
results show an evolution of zircon geochemistry with time. 
Zircons >530 Ma exhibit a narrow range of ratios between 
0.282066-0.282341 and younger zircons (530-475 Ma) have 
highly scattered ratios between 0.281698-0.282531.  

REE and Lu-Hf analyses together with microtextural 
observations suggest that early increasing temperatures and 
partial melting caused zircon modification and radiometric 
resetting by sub-solidus recrystallization and 
dissolution/reprecipitation of existing zircons with garnet 
forming later on. Textures and geochemical signatures of 
younger zircons advocate that they grew during peak to post-
peak metamorphism. REE and Lu-Hf results suggest that new 
zircons crystallized from an externally derived, Zr-bearing 
melt in the presence of garnet. As the rocks continued to cool, 
residual melts crystallized late homogenous rims on pre-
existing metamorphic zircons. 
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Lateral Sulfur Isotope Variability in 
Carbonate Strata on the Micron to 

Meter Scale 
TORIN S. O’BRIEN1*, DAVID A. FIKE1, 

AND CATHERINE ROSE1 

1Washington University, St. Louis, Missouri 63130, USA 
(*correspondance: tsobrien@levee.wustl.edu) 

 
Sulfur isotopes from carbonate-associated sulfate (CAS) 

and pyrite in ancient sediments are used to reconstruct marine 
sulfur cycling. Sulfur isotope data sets are most often obtained 
from vertical stratigraphic sections, with one data point 
equating to one laterally continuous bed. Each bed is assumed 
to be isotopically homogenous laterally and thus the resulting 
isotopic trend is read as a time-series record of ancient sulfur 
cycling. Yet as the record of ancient oceanic conditions 
becomes better resolved, it is increasingly apparent that sulfur 
isotopic records have more stratigraphic variability than 
expected and their mean values differ with location. 

Here we present sulfur isotope data collected from early 
Ordovician strata in the Franklin Mountains and surrounding 
ranges near El Paso, Texas. We sampled both beds 
characterized by laterally homogenous facies (e.g., mudstone 
or grainstone) and laterally heterogeneous facies (e.g., 
bioturbated mudstone or thrombolite/grainstone-fill 
complexes). Individual carbonate hand samples were collected 
at a horizontal spacing of 0.5-1.0 meters through single, 
laterally continuous beds. We present the observed variability 
expressed in the sulfur isotopes of both CAS and pyrite sulfur, 
as a function of facies composition, lateral 
homogeneity/heterogeneity, and lateral distribution. These data 
sets are complemented by ongoing stratigraphic and bulk 
isotope analyses. 

In addition, select samples from similar data sets were 
analyzed for micron-scale variance of sulfur isotopes. These 
samples can be characterized for sulfur abundance and 
speciation using synchrotron-based X-ray spectromicroscopy 
and for their sulfur isotopic compositions by secondary ion 
mass spectrometer (SIMS). These paired data sets can be used 
to inform future studies on the viability of assuming that sulfur 
isotopes are homogenous throughout single beds, ultimately 
improving our ability to extract environmental information 
from chemostratigraphic records and our understanding of the 
evolution of the global sulphur cycle over Earth’s history.  
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In this study, sediment cores were collected in the 

oxygenated epilimnion and the anoxic hypolimnion of Lake 
227 located in the Experimental Lake Areas (ELA) in northern 
Ontario, Canada. Lake 227 is a unique natural laboratory to 
study phosphorus (P) cycling, as it has been artificially 
fertilized with P without interruption since 1969. The onset of 
fertilization caused the lake to undergo a rapid transition from 
oligotrophic to eutrophic conditions. The cores contain a 
historical record of the associated changes in sediment P 
retention. Sediment chronology was established through 210Pb 
dating; speciation of P, iron (Fe) and sulfur (S) was analysed 
using chemical extractions complemented by 31P NMR 
spectroscopy and enzymatic hydrolysis assays. The results 
show that, following fertilization, the absolute and relative 
abundances of humic-metal-phosphate complexes and 
organically-bound P increased significantly in the sediments of 
both the epilimnion and hypolimnion. In particular, the 
formation of humic-metal-phosphate complexes appears to be 
one of the key mechanisms explaining the high retention of 
reactive P in the sediments and, consequently, the limited 
internal P loading of the lake. Enzymatic assays and 31P NMR 
further reveal the accumulation of potentially labile organic P 
under eutrophic conditions. Sediment P dynamics in Lake 227 
thus deviate markedly from the classic model of P recycling 
linked to early diagenetic redox transformations of Fe.  
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Estimates of the relative motion between the Hawaiian and 
Louisville hotspots have consequences for understanding the 
role and character of deep Pacific-mantle return flow. The 
relative motion between these primary hotspots can be inferred 
by comparing the age records for their seamount trails. Our 
new 40Ar/39Ar ages for 18 lavas from 10 seamounts along the 
Hawaiian-Emperor Seamount Chain (HESC) show that 
volcanism started in the sharp portion of the Hawaiian-
Emperor Bend (HEB) at ≥47.5 Ma and continued for ≥5 Myr 
[1]. The slope of the along-track distance from the currently 
active Hawaiian hotspot plotted versus age is remarkably linear 
between ~57 and 25 Ma in the central ~1900 km of the 
seamount chain, including the HEB. This model predicts an 
age for the oldest Emperor Seamounts that matches published 
ages, implying that a linear age-distance relationship might 
extend back to at least 82 Ma. In contrast, Hawaiian age 
progression was much faster since at least ~15 Ma and 
possibly as early as ~27 Ma. Linear age-distance relations for 
the Hawaii-Emperor and Louisville seamount chains predict 
~300 km overall hotspot relative motion between 80 and 47.5 
Ma, in broad agreement with numerical models of plumes in a 
convecting mantle, and paleomagnetic data. We show that a 
change in hotspot relative motion may also have occurred 
between ~55 Ma and ~50 Ma. We interpret this changing in 
hotspot motion as evidence that the HEB reflects a 
combination of hotspot and plate motion changes driven by the 
same plate/mantle reorganization. 
 

[1] O’Connor et al (2013), Geochem. Geophys. Geosyst. 14, 
4564–4584 
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Physical and chemical weathering of arsenic-enriched 

mine wastes can lead to the mobilization of potentially harmful 
sediments into residential areas. Specifically, seasonal 
weathering events such as rain or wind are likely to lead to 
arsenic mobilization patterns that can be utilized to estimate 
the risk of chronic arsenic exposure for residents living near 
mine areas. It is hypothesized that the concentration and 
bioaccessibility of arsenic within sediments mobilized via the 
rainwater runoff pathway are directly related to the total 
volume of precipitation, thus leading to a higher degree of 
exposure during the rainy seasons.  

To test this, mine runoff sediment from the Red Hill mine 
in Tustin, California, was collected monthly and following rain 
events over the course of 13 months and analysed for initial 
arsenic concentration (range: 113-213 ppm). All samples were 
then subjected to simulated gastric fluid extractions to 
determine the potential bioaccessibility of arsenic in the 
sediments via the ingestion exposure pathway. 

Results suggest a moderate inverse correlation (R2=0.64)39 
) between arsenic bioaccessibility and average volume of 
rainfall and a moderate direct correlation (R2=0.45) little to no 
correlation(R2=0.20) between initial concentration and average 
volume of rainfall in the preceding 30 days volume of 
preceding rainfall . These findings suggest that during the rainy 
season, more sediment is mobilized from the tailings piles 
resulting in higher concentrations of arsenic in sample 
collections. However, due to the increased precipitation more 
soluble species may be removed during transport, leaving less 
bioaccessible arsenic behind. Additionally, effluorescence or 
formation of secondary arsenic-bearing phases may take place, 
resulting in the formation of more soluble species and 
correspondingly higher arsenic bioaccessibility during the drier 
months.  
 
Applications and New Challenges in 
Molecular-Scale Characterization of 

Inorganic Contaminants  
PEGGY A. O'DAY1 

1School of Natural Sciences, University of California, Merced, 
CA, USA  
(*correspondence: poday@ucmerced.edu) 

 
Over the last few decades, advances in spectroscopic 

techniques have offered an unprecedented ability to study the 
chemistry of contaminants in natural and model systems at the 
molecular- to micro-scale. Molecular-scale data have provided 
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definitive information about speciation, structure, and bonding 
of environmentally important elements and interfacial 
reactions in numerous studies. Methods such as X-ray 
absorption spectroscopy are particularly useful for identifying 
the speciation of trace elements that undergo changes in 
oxidation state in surface environments and thus determine 
their reactivity, transport, toxicity and bioavailability. Removal 
of inorganic contaminants from surface and ground waters 
often relies on adsorption, precipitation, or co-precipitation 
processes, but molecular-scale mechanisms are typically not 
identified or optimized in most studies. Field and laboratory 
studies of arsenic (As), mercury (Hg), and uranium (U) 
illustrate how bulk and spatially resolved spectroscopic 
methods are used to determine element speciation and inform 
remediation strategies such as natural attenuation, amendment 
stabilization, or bioremediation. When coupled with 
spectroscopic constraints, computational approaches such as 
DFT calculations, thermodynamic-kinetic speciation, and 
reaction transport models that simulate chemical speciation, 
sorption, microbial catalysis and transport processes are 
valuable tools for assessing potential risks from contaminants 
and the effectiveness of remediation methods. Going forward, 
molecular-scale characterizations of contaminants can help 
place constraints on kinetic reactions, particularly those 
catalyzed by microorganisms that contribute to system 
buffering of oxidation potential. 
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Reworking >1.5 billion-year-old crust 
to build Archean cratons 
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Archean cratons are dominated by felsic Tonalite-
Trondhjemite-Granodiorite (TTG) rocks. These felsic rocks 
however, cannot be directly produced by melting of the mantle 
but must instead be derived from the melting of an older mafic 
precursor. There are only a few occurrences of zircons older 
than 4.0 Ga and only after ~3.8 Ga does the zircon record 
become more prominent. This raises questions about the nature 
of the primordial crust and how, or if, it was involved in the 
formation of stable Archean cratons. The Nuvvuagittuq 
greenstone belt (NGB) provides a glimpse of what may have 
been Earth’s primitive crust. The igneous protoliths of the 
NGB mafic rocks follow a chemical stratigraphy reminiscent 
of a modern convergent margin, yet the 142Nd/144Nd vs. Sm/Nd 
correlation they exhibit suggests an igneous age of ~4.3 Ga. 
These Hadean NGB rocks are surrounded and intruded by 
multiple generations of Eoarchean TTG produced at 3.76 Ga, 
3.66 Ga, 3.51 Ga and 3.35 Ga. This Eoarchean / Hadean 
terrane is included in the Hudson Bay terrane, a terrane mainly 
composed of 2.88 to 2.69 Ga TTG. Deficits in 142Nd compared 
to the terrestrial Nd standard have been measured in a number 
of Eoarchean and Neoarchean TTG surrounding the NGB area. 
The 142Nd/144Nd of these TTG however do not correlate with 
their Sm/Nd ratios, and all TTG analyses fall to the low Sm/Nd 
side of the NGB mafic rock isochron consistent with their 
derivation by partial melting of Hadean mafic crust. This is 
also supported by the εHf-zircon vs. time trend for the NGB 
TTG. Most analyzed Neoarchean TTG are within ~35 km of 
the NGB. One TTG sample that displays a deficit in 142Nd 
however is located ~150 km from the NGB, suggesting that the 
Hadean crustal precursor was much more widespread than the 
surviving NGB remnant. Deficits in 142Nd in the Eoarchean 
and Neoarchean TTG imply that the crustal reworking process 
occurred for at least a billion years, from 3.8 Ga to 2.7 Ga 
within the Northeastern Superior Province. The isotopic data 
also suggests a long quiescence period of over half a billion 
years (from ~4.3 to 3.8 Ga) before the mafic primitive crust 
began to be extensively reworked to produce widespread TTG 
magmatism. 
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Complexly zoned zircon grains from high grade 
metamorphic rocks may preserve multiple stages of the mag-
matic/metamorphic evolution of their host rocks. However, 
linking the zircon growth or recrystallization zones to P-T 
conditions can pose a challenge. We present in situ, texturally 
controlled zircon U-Pb ages from UHT granulites in an attempt 
to link zircon growth zones with metamorphic reactions and 
thus P-T conditions. 

The Gruf Complex of the European Central Alps contains 
scarce charnockites and sapphirine-bearing granulites that 
record UHT conditions. Two U-Pb zircon studies on these 
UHT rocks reported complexely-zoned zircon grains with 
Permian cores and Oligocene overgrowths and recrystallized 
zones [1,2]. The authors concluded that UHT conditions 
occurred either during Permian rifting [1] or Alpine orogenesis 
[2]. Themodynamic modeling of whole rock samples and 
microdomains reveals that UHT conditions were reached 
during decompression, as garnet broke down to sapphirine ± 
orthopyroxene ± cordierite ± spinel [3]. Monazite grains 
included in UHT minerals and within garnet-breakdown 
textures have U-Pb ages of 30.05 ± 0.5 Ma [4].  

Zircons from a variety of granulite types have similar 
internal textures. The grains commonly have weakly to 
strongly oscillatory-zoned and/or patchy cores with at least one 
thin unzoned or sector-zoned overgrowth. Many grains also 
show evidence for recrystallization of cores and rims along 
fractures. Based on these observations, we infer that the 
Permian-aged cores [1,2] formed during crystallization of the 
igneous protoliths. The Alpine-aged overgrowths and 
recrystallized zones [1,2] likely formed during the later UHT 
event under dry conditions. Combining in situ U-Pb dating 
with trace element fingerprinting and thermometry will further 
constrain the P-T conditions of metamorphic zircon growth 
and recrystallization. 
 
[1] Galli et al (2012) CMP 163, 353-378 [2] Liati & Gebauer 
(2003) SMPM 83, 159-172 [3] Oalmann et al (2013) GSA 
Annual Meeting Abstract [4] Möller et al (2012) IGC Abstract. 
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Temporal changes in the amounts of labile trace metals (Pb 

and Zn) and their positive correlations (r = 0.5 to 0.8, p < 0.01, 
n = 30) with temporal changes in charcoal fluxes in age-dated 
sediments collected from Lake Thompson in Patagonia, Chile 
attest to the substantial mobilization of trace elements that 
occurred in that region in the mid-1900s. This remobilization 
corresponds with the extensive historic slash and burn 
practices employed in the development of Patagonia during the 
last century. But the relatively low enrichment factors of Pb 
and Zn, normalized to Fe, in the sediments indicate that they 
were predominantly derived from natural, rather than 
industrial, sources. Those natural origins were further 
evidenced by the Pb isotopic ratios (208Pb/207Pb: 206Pb/207Pb) of 
the sediments, which remained consistent over the past century 
and are comparable to previously reported natural values in 
central and southern Chile. However, the remobilization of Pb 
and other contaminants is expected to increase in much of the 
world, including southern Chile, with the projected increase in 
the number and intensity of wildfires associated with climate 
change. 
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Water samples from twenty one boreholes were collected 
within University of Lagos and analyzed for physical 
properties, trace elements and cations using inductively 
coupled plasma optical emission spectrometry (ICP-OES). 
Physical analysis of the samples shows slight acidity and 
alkalinity with 78% of the samples exceeded recommended 
standards. They can be classified as fresh water based on TDS 
and EC. Chloride concentrations fall within water standards in 
most samples while Al, Na, Pb and Br exceeded recommended 
standards in most samples. Gibbs plot, relationship between 
total cations, Na+K, Ca+Mg and Cl showed that all the 
groundwater samples fall in the water–rock interaction field 
which suggests that the weathering of rocks and influence of 
sea water primarily controls the major chemistry of 
groundwater in the area. Sodium Absorption Ratio (SAR) for 
all the water samples was less than 10 and excellent for 
irrigation purpose. Only 33% of water samples were suitable 
for irrigation based on Soluble Sodium Percentage (SSP) and 
Magnesium Adsorption Ratio (MAR), whereas based on 
Kellys Ratios (KR) all the water samples were not good for 
irrigation purpose having KR greater than 1. Fifty percent of 
the water samples showed pollution index (PI) above 1 with 
highest contribution (37.8%) from lead (Pb). Mn, Al, Ni, Fe 
and As contributed 29.3%, 19.13%, 8.66%, 4.25% and 0.82% 
respectively. 
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Much of the initial motivation for research in carbon 
capture and storage was fear. The fear of global warming 
motivated the public. The fear of a carbon tax motivated 
industry. The fear of missed grant funding motivated the 
academic community. Much of this initial fear has been 
mitgated by a combination of negative publicity, the fear of 
carbon storage risks, and the fear of the costs of carbon capture 
and storage. This has resulted in the shutting of industrial 
carbon capture and storage pilot plants, and a growing public 
opinion against carbon dioxide injection beneath the surface of 
the continents. Most remaining carbon storage efforts are part 
of enhanced oil recovery (EOR) programs run by major 
petroleum companies, who ‘sell’ such efforts to the public to 
gain favorable publicity and to attract government research 
funds.  

As such, most current industrial carbon storage efforts are 
part of EOR programs injecting more or less pure CO2 into 
sedimentary rocks. Research shows that CO2 injected into such 
sites remains as a separate phase for thousands of years or 
more, and much of this CO2 will never transform into stable 
carbonate minerals. Towards a more permanent carbon storage 
solution, many geochemists have advocated developing 
enhanced global weathering rate technologies, by finding 
methods to accelerate the dissolution rates of Mg-silicates such 
as olivine. Is such a pathway realistic considering the fact that 
the global anthroprogenic carbon flux to our atmosphere is ~10 
Gt/year, but the annual carbon drawdown by global chemical 
weathering is just 0.1 Gt/year. Can we possibly accelerate the 
continental chemical weathering by two orders of magnide 
worldwide? It seems more likely that the way forward is to 
look for different processes. Is it possible to inject greenhouse 
gases into the mid-ocean ridge basalts for mineral carbonation? 
Is it time to revisit enhanced ocean fertlisation leading to 
increase photosynethesis and burial? Perhaps the way forward 
is not by continuing on the paths emphasised during the recent 
past. 
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The rate at which Si-bearing solids are being formed from 

dissolved silica governs the associated Si stable isotope 
fractionation. This we show in a series of Si isotope 
fractionation experiments, where we accelerate the exchange 
rates by means of cyclic freezing and thawing that lead to 
repeated changes from super- to undersaturated conditions. We 
conducted several experiments under acidic and neutral pH 
(pH 4.5, 5 and 7), with solutions initially containing [Si]aq = 
1.6 mmol/l and with additions of 0.1 mmol/l and 1 mmol/l of 
dissolved Al, and in the absence of Al. We observe a decrease 
in Si concentration and a formation of an Si containing solid in 
all experiments. No Si isotope fractionation occurs during 
formation of almost pure Si solids in experiments with no or 
low addition of Al. This absence of Si isotope fractionation 
suggests that the fractionation factor Δsolid-solution associated with 
polymerization of silicic acid and the formation of pure Si 
containing solids is 0‰. In contrast experiments with high Al 
concentrations show during the first 20 days attachment of Si 
onto solids that is 2.4 ‰ lighter than Si in the solution and then 
reverts to almost starting values of 0‰ after 130 days. We 
suggest that in the initial phase the formation of an Al-O-OH 
phase and subsequent adsorption of Si and/or coprecipitation 
of Si and Al occurs. In this phase the fractionation regime is 
dominated by unidirectional kinetic isotope fractionation. With 
ongoing runtime these solids re-dissolve. When steady-state is 
attained the 30Si/28Si ratio of the solid is almost identical to the 
solution (Δsolid-solution≈0). 

For the interpretation of Si stable isotopes in weathering or 
ocean environments or in the geologic record these results 
imply that the enrichment of light Si isotopes is caused 
exclusively by an unidirectional kinetic isotope effect during 
fast precipitation of solids, aided by co-precipitation with Al- 
or other carrier phases. In contrast during slow precipitation 
under equilibrium conditions, no Si isotope fractionation is 
expected and Si isotopes will retain the signature of the Si 
source. 
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Mercury impacted sediments of fresh water systems 
provide a pathway for chronic exposure in higher trophic 
levels. Bulk sediment sampling has commonly been used as a 
line of evidence for this contamination; however, risk is better 
assessed by understanding the bioavailability of mercuy 
species, specifically the rate of monomethylmercury formation. 
Monomethylmercury is governed by mercury availability in 
porewater, speciation of mercury sulfides, and redox 
conditions. It is hypothesized that passive sampling of mercury 
in porewater with diffusive gradient in thin films (DGT) and an 
understanding of the redox profile through the use of 
voltammetry will more accurately indicate the rate of 
monomethylmercury formation and bioaccumulation in 
benthic organisms. It is also hypothesized that these benthic 
organisms, through the active processing and bioturbation of 
sediment, will alter the biogeochemical conditions near the 
sediment-water interface and will thus impact 
monomethylmercury formation in the upper sediment layer. 

These hypotheses were tested in laboratory flow-through 
mesocosms which were loaded with sediment from the South 
River (VA, USA) and populated with a tubificid oligochaete, 
Tubifex tuifex. The mesocosms allowed for realistic reducing 
profiles to be established in order to simulate the mercury 
speciation and methylation rate. Voltammetry was employed 
throughout the mesocosms to observe the redox profiles over 
time, and DGTs were utilized with bulk sediment sampling in 
order to determine mercury and monomethylmercury 
concentrations at each depth. Further biogeochemical analysis 
included evaluation of acid voltalized sulfides, solid ferrous 
iron, and total organic carbon. The results are expected to 
determine the biological relevance of DGTs as a passive 
sampling tool for mercury and to further evaluate the impact of 
bioturbation on mercury speciation and availability.  
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The North Fiji Basins (NFB) is a mature back arc basin 

having several segmented active spreading centers. In here, we 
present major, trace element and Sr-Nd-Pb isotopic data of 
basaltic glasses sampled along the Central Spreading Ridge 
(CSR) of the NFB to decipher the source heterogeneity and its 
spatial distribution. 

The "MORB-like" basaltic samples of the CSR can be 
divided into calc-alkaline series in the northern segments and 
low-K tholeiite series in the southern segments by major 
element composition. Combined trace and isotopic data 
suggest these two distinct magmatic series cannot be produced 
only by magma differentiation or partial melting, indicating 
source heterogeneity beneath the NFB. The basaltic samples in 
the northern spreading ridge, characterized by enrichment in 
incompatible elements, show E-MORB composition possibly 
affected by mantle plume (i.e. Samoan plume). Conversely, 
samples from the southern segments show depleted N-MORB 
composition with arc signature (i.e. negative Nb anomaly). 
Both enriched and depleted magmas erupted bimodally at the 
16°50' triple junction located between the northern and 
southern segments. 

Previous studies suggested that the Indian-MORB Mantle 
(IMM) is dominant in whole CSR and the occurrence of the 
Pacific-MORB Mantle (PMM) is restricted to the Vanuatu Arc 
within the NFB (i.e. [1]). However, basalt samples form the 
southernmost segment, separated by an offset of ~80 km, show 
isotopic composition of the PMM signature, which suggests an 
extension of PMM domain to further north than in previous 
work. Therefore the offset can be a possible boundary between 
the PMM and IMM domains. 

 
[1] Pearce et al (2007) Earth and Planetary Science Letters, 
260, 98-114 
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Since the accident at Fukushima nuclear power plant, 

Japan, the problem of radiocesium has been become serious. 
To solve the problem rapidly is required socially. As a series of 
studies on elucidation of the specific sorption site of cesium 
(Cs) in soil and development of the removal method of Cs 
from the polluted water, in this paper, we investigated the 
chemical state of Cs concentrated in truscottite 
(Ca14(Si24O58)(OH)8·2H2O) by 133Cs MAS NMR and XAFS. 

We found by chance a truscottite, in which Cs is highly 
concentrated, in the Hishikari epithermal gold deposit, Japan. 
This truscottite was precipitated from geothermal water due to 
geothermal activity before about 0.5 million years. The 
chemical composition of the truscottite is shown in Table 1. 
The Cs content is high to be 0.20 %. In the 133Cs MAS NMR 
spectrum, only a peak appeared at the similar chemical shift 
position as Cs adsorbed onto mordenite. The Cs L3-edge and 
K-edge XANES spectra for Cs in the truscottite were different 
from that of Cs adsorbed onto mordenite. 

 
SiO2 CaO MgO Al2O3 Na2O  
59.37 32.46 0.01 1.12 1.04  

      
K2O Rb2O Cs2O MnO H2O Total 
0.69 0.0081 0.2 0.18 5.84 100.09 

 
Table 1 Chemical composition of truscottite (weight %) 
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Limnic eruption 

In 1984, an abrupt discharge of CO2 gas (=limnic eruption) 
happened at Lake Monoun, Cameroon. Due to the asphyxia, 36 
people were killed at the discharge. A similar limnic eruption 
took place at Lake Nyos in 1986. For the prevention of disaster 
by limnic eruption, degassing pipes were constructed at Lake 
Monoun to reduce the dissolved CO2 gas since 2003. During 
the expedition in March 2013, we measured the concentration 
of dissolved CO2 gas to inspect the amount of CO2 left after the 
degassing. 
Observation and the result 

According to the bathymetirc map produced by M. 
Halbwachs, there are three basins (the east, the central and the 
west) in Lake Monoun. The depth of the eastern, central and 
western basin is 99, 57 and 44m, respectively. At the three 
basins, we obtained the depth profiles of temperature, 
conductivity and pH by use of a CTD. The dissolved CO2 gas 
was fixed as carbonate with 5M KOH solution in situ at 
specific depths. The concentration of carbonate was 
determined by acid titration. The obtained value was compared 
with the CO2 concentration estimated based on the 
conductivity. Applying the Henley’s constant, the partial 
pressure of CO2 gas (PCO2) was estimated. 

The PCO2 at the bottom of eastern, central and western 
basin was 2.1, 0.27 and 0.28 bar, respectively, which is 20, 5, 
6 % of the each ambient hydraulic pressure. Although the PCO2 
was much less than the ambient pressure, a considerable PCO2 
was found in the eastern basin. The monitoring of PCO2 is still 
necessary to watch the buildup of PCO2. 
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The Cretaceous–Paleogene (K–Pg) mass extinction event 

at 65.5 Ma triggered by a meteorite impact is one of the most 
drastic events in the history of life on the Earth. Many 
hypotheses have been proposed as killing mechanisms induced 
by the impact, including global darkness due to high 
concentrations of atmospheric silicate dust particles, global 
wildfires, greenhouse warming due to CO2 release, and global 
acid rain. However, the actual mechanism of extinction 
remains highly controversial. One of the most important clues 
for understanding the extinction mechanism is the marine 
plankton record, which indicates that plankton foraminifera, 
living in the near-surface ocean, suffered very severe 
extinction in contrast to the high survival ratio of benthic 
foraminifera. No proposed extinction mechanism can account 
for this globally observed marine extinction pattern. Here, we 
show that SO3-rich impact vapor was released in the K-Pg 
impact and resulted in the occurrence of global acid rain and 
sudden severe ocean acidification at the end of the Cretaceous, 
based on the new results of impact experiments at velocities 
much higher than previous works (> 10 km/s) and theoretical 
calculations on aerosol coagulation processes. Sudden severe 
ocean acidification can account for many of the features of 
various geologic records at the K–Pg boundary, including 
severe extinction of plankton foraminifera.  
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After accident of Fukushima Daiichi Nuclear Power Plant, 

the fall-out radiocesium was deposited on the ground. 
Filamentous fungi are known to accumulate radiocesium in 
environment, even though many minerals are involved in soil. 
However, accumulation mechanism of radiocesium by 
filamentous fungi is not understood. In the present study, 
accumulation and chemical states change of Cs by filamentous 
fungi, which highly accumulate radiocesium, have been 
studied to elucidate the role of filamentous fungi collected in 
forest in the migration of radiocesium in the environment. 
Accumulation experiments of radiocesium by the hyphae of 
the filamentous fingi from the agar medium containing 137Cs 
and a mineral of zeolite, vermiculite, smectite, mica, or illite. 
The accumulation experiments using agar medium containing 
stable Cs to examine the chemical states change of Cs.  

Without mineral in the medium, the hyphae of the 
filamentous fungi accumulated 1.5x103 - 5.2 x103 Bq/g from 
the medium containing 137Cs of 2.6x102 Bq/g. When mineral 
was added in the medium, concentration of 137Cs in the hyphae 
decreased. The concentration of 137Cs in the hyphae from the 
medium containing different minerals were in the following 
order; 

Illite > smectite, mica > vermiculite > zeolite, being nearly 
the same as the inverse of distribution coefficient of mineral 
for 137Cs in the medium solution. SEM-EDS analyses of the 
hyphae showed distinct peak of Cs, and higher intensity of Cs 
than K, when Cs concentration in the medium was 10 mM. 
These results indicate that filamentous fungi accumulate 
radiocesium in the hyphae by competing with minerals. 
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Structural changes in magmas influence physical 

properties of magmas such as density and viscosity. The 
volatiles also provide significant impact on physical properties 
of magmas. Density measurements of basaltic and peridotite 
magmas have been carried out using using X-ray absorption 
method that enables us to determine liquid density in-situ. 
Furthermore, we applied in-situ falling-sphere viscometry and 
in-situ X-ray diffraction to measure viscosity and structure of 
magmas, respectively. We can now present the complete 
dataset of the basaltic magma which allows us to examine the 
pressure-dependent changes of density, viscosity and structure. 
We also clarified the effect of volatiles on magma density. 

X-ray absorption measurements were performed up to 4.5 
GPa and 2000 K. The density of basaltic magmas increases 
rapidly at pressures of ~4 GPa. We also observed a viscosity 
minimum at pressure around 4-5 GPa. Our high-pressure 
experiments revealed that basaltic magma undergoes rapid 
densification and exhibits a minimum in viscosity near 4-5 
GPa. Structural analysis of the basaltic magma confirmed an 
increase in Al-coordination number in the melt at this pressure 
range. We also measured density of peridotite magmas with 
and without volatiles, H2O and CO2 at high pressures using the 
X-ray absorption method. We did not observe any rapid 
densification of the peridotite magma density with pressure. 
Our measurements revealed that a rapid decrease of the partial 
molar volumes of H2O and CO2 in magma with increasing 
pressure. Based on these observations, we argue the effects of 
pressure, temperature, and volatiles on the magma density, and 
discuss the separation of magmas in the upper mantle. 
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In Toyama Prefecture, northern Central Japan, the 

averaged air temperature is 0 ℃ in winter and extends to 35 ℃ 
in summer. The water temperature of groundwater in Toyama 
is constant to be 12 to 15 ℃ throughout year and can be used 
for heat source of air conditioning of houses and industry by 
using the temperature difference between air and groundwater. 
There are three big groundwater aquifers, Kurobe River, 
Toyama City and Sho River alluvium fans from eastern to 
western parts in Toyama. To examine the water quality of local 
precipitation and the degree of the contribution to groundwater 
aquifers in these fans, chemical and isotopic (D, 18O) 
compositions of precipitations and groundwaters at 8 
observation sites in Toyama have been analyzed The δD and 
δ18O values are -60.0 to -55.0 and -9.7 to -8.7 ‰, respectively. 
The degree of the contribution of local precipitation can be 
estimated to be 13 to 95 %, 0 to 97 % and 5 to 96 % for 
Kurobe River, Toyama City and Sho River fans, respectively.  

The pH of the precipitations are lower than 6. The Na and 
Cl concentrations show high values at the winter time due to 
sea spry from the Japan Sea. The total dissolved ions (TDS) in 
the precipitation are less than 120 mg/L. In contrast, 
groundwaters in the three fans are of a Ca-HCO3 type with 54 
to 323 mg/L TDS. This means that local precipitation 
infiltrates into the fan deposits and is enriched in Ca and HCO3 
by dissolving carbonate rocks in the underlying formations.  
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The present focus on deep-sea mining and the consequent 
production of waste material has led to an increased interest in 
sub-marine tailings and their possible environmental impacts. 
During the last centuries tailings from several mines in 
Norway were deposited in fjords. However, little is known 
about the stability of toxic elements in these tailing and the 
environmental impact they may have. 

This study aims to document whether different tailing 
compositions affect the submarine biogeochemical processes 
and the mobility of heavy metals in the deposits. Two different 
submarine tailings and one background site in Ballangsfjorden 
(Mid-Norway) were sampled by piston coring. One deposit 
(Fornesodden) consist of olivine rich material from the 
Bruvann nickel mine (1989 – 2002) and the other deposit 
(Ballangsleira) of sulphide and quartz- rich material from the 
older Bjørkåsen mine (1909 – 1964).  

The results revealed that the tailings at Fornesodden are 
rich in Ni and Cr, while the tailings at Ballangsleira are high in 
Zn and Cu compared to the background sediment. However, 
the top layer of the background sediment is highly enriched in 
Zn, Cu and Fe, indicating migration of mine tailings. Extracted 
pore-water was enriched in Fe and Mn for both tailings, and 
the pH was lower (Ballangsleira) and higher (Fornesodden) 
than in the background sediment and surface seawater. At 
Ballangsleira the pore-water was enriched in Zn, Ni, and to 
some degree also in Co, Cu, Cd and Pb, particularly in the 
upper 30 cm of the core. At Fornesodden the pore-water had 
elevated concentrations of Ni and to some degree in Co in the 
upper part of the core, but also contained some Ni and Co in 
deeper parts. The background sediment also showed 
enrichment of Fe and to a lesser degree also of Zn in pore-
water from the upper 25 cm, corresponding to the high metal 
concentration of the solid sediment. The results clearly 
demonstrate that the pore-water is affected by the tailing 
composition, and that heavy metals are locally mobilized. 
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The Greater Caucasus is Phanerozoic collisional orogen, 

formed along the southern margin of the Eurasian continent 
and extends for more than 1200 km between the Black and 
Caspian Seas. The Sakeni diorite-quartz diorite-adamellite 
intrusive (77 km2) is located in the Southern part of of the Pre-
Alpine basement complex, in the Svaneti region. It is a 
metaluminious mantle-crust I-type body, which was emplaced 
ca. 315±5 Ma (Rb-Sr age) [1]. Along the Alibek thrust (SW-
NW, <50-600) the Middle-Upper Paleozoic granite-migmatite 
complex (HT-LP) is thrust onto the Sakeni intrusive.  

 As a result of our work in the region a new gold district 
was discovered along the Alibeg thrust zone, which we have 
named the Sakeni goldfield [2]. Presently, four gold-bearing 
occurrences are located in the Sakeni goldfield: Kakrinachkuri, 
Hokrila, Memuli, and Achapara. They are localized along the 
northern margin of the Sakeni intrusion and controlled by the 
Alibeg thrust fault. The mineralized zones are formed in the 
brecciated and greizenized rocks of of the thrust zone 
(thickness 400-600 m) and include veins, pods, and 
stockworks. Gold occurs with quartz-scheelite, quartz-pyrite-
arsenopyrite, and quartz-stibnite assemblages. The highest gold 
concentrations (15-20 g/t) are with the pyrite - arsenopyrite 
association and lowest - in the quartz-stibinite (0.5-1.2 g/t). On 
a tentative estimation Sakeni goldfield should contain 60-65 
tons of gold [2].  

A simplified genetic model of the Sakeni goldfield is as 
follows: syn-orogenic thermal events activated a fluid system 
that mobilized metals from the Sakeni intrusive. Fluid was 
focused along the Alibeg thrust zone, and mineralization was 
localized along structural barriers within the thrust itself. We 
assume that goldfield represents a post-magmatic, gold-quartz-
low sulfide hydrothermal event, which is characteristic of 
many orogenic gold systems [3]. 
 
[1] Okrostsvaridze, 2007. Intellect, Tbilisi, 223 p. [2] 
Okrostsvaridze, Bluashvili 2009. Bul. Georg. Acad. Sc.,v.1. pp. 
127-131 [3] Goldfarb at al 2005. Economic Geology, 100th 
Anniversary Volume, p. 407-450 
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Insoluble organic matter (IOM) is the main component of 

organic materials in carbonaceous chondrites and has isotopic 
heterogeneity [1, 2]. In order to reveal the chemical structure 
and isotopic distribution of IOM, we performed pyrolytic study 
for IOM from 2 different types of chondrites, Murchison 
(CM2) meteorite as pristine IOM, and Allende (CV3) 
meteorite as decomposed IOM [3, 4]. Stepwise (isothermal) 
and gradual (non-isothermal) pyrolyses [5] up to 800ºC were 
performed for the IOMs. Pyrolysates were analysed by GC-MS 
and residues were analysed by IRMS and EA. 

Murchison IOMproduced various pyrolysates such as 
aliphatic hydrocarbons, aromatic hydrocarbons, N-S-O-bearing 
compounds and heterocyclic hydrocarbons, and light gases. 
Some aliphatics, aromatics and S- and O-bearing compounds 
were released at comparatively lower temperature and N-
bearing compounds were released at higher temperature. The 
former compounds were derived fromlabile part of the IOM 
and latter and the residue were from refractory part. The labile 
part has higher δD, δ13C, and δ15N values than the refractory 
part. 

Allende IOMshowed almost the same variety of 
pyrolysates as the Murchison IOM, excluding the absence of 
some N-S-O-bearing compounds such asHCN. However, the 
amount of pyrolysates was less than the Murchison IOM. The 
labile part of the Allende IOM has higher δ15N value than the 
refractory part, but did not show substantial heterogeneity of D 
and 13C.  

 
[1] Robert and Epstein (1982) Geochim. Cosmochim. Acta 46, 
81-95 [2] Remusat et al (2010) Astrophys. J. 713, 1048-1058 
[3] Alexander et al (2007) Geochim. Cosmochim. Acta 71, 
4380-4403 [4] Kebukawa et al (2011) Geochim. Cosmochim. 
Acta 75, 3530-3541 [5] Okumura and Mimura (2011) Geochim. 
Cosmochim. Acta 75, 7063-7080 
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Explosive volcanic eruptions can eject vast amounts of 

volcanic ashes, gases and aerosols into the atmosphere that are 
transported and deposited over areas of hundreds of kilometers 
in the oceanic environments (Fig.1). Volcanic particles itself 
and their surface contain soluble and metal rich components 
such as the salt-coatings in the form of sulphates and halides, 
which can be swıiftly released during interaction with 
seawater. Upon deposition of volcanic ash in the ocean, 
elements most of those having environmental significance such 
as flouride, chloride, sulphate, nutrients like nitrate, phosphate, 
silica and a variety of key trace metals like iron, zinc, copper 
can be released into the seawater. A number of recent 
experimental, in situ, remote sensing and modelling studies 
evidenced that volcanic eruptions can signficantly impact the 
seawater geochemistry and the phytoplankton growth and 
eventually the higher tropic levels in the marine environment 
(e.g. zooplankton, fish). However, several questions still 
remians under represented, which are involved in the new 
SOLAS reseach strategies, including the bioavailibility and 
atmospheric processing of volcanic nutrients, deposition in the 
water coloumn and the long-term climatic effects of volcanic 
fertilization. 

Figure 1: Areas of higher likelihood of volcanic fallout 
regions (indicated as yellow regions) in the global ocean, based 
on Olgun et al. [1]. Also shown is the distribution of active 
subaerial volcaneos on Earth. 

 
[1] Olgun et al (2011) Glob. Biogeochem. Cyc., 25, GB4001 
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Alkaline (soda) lakes are distributed world-wide and found 
nearly exclusively in volcanic regions and therefore, affected 
frequently by volcanic eruptions. However, the way in which 
the water chemistry and the primary productivity of alkaline 
lakes are affected by the volcanic eruptions still remains 
unknown. Lake Van in eastern Turkey is the largest of the 
alkaline lakes on Earth and had been exposed to various 
volcanic ash fallouts from the historical eruptions of Nemrut, 
Süphan and Tendürek volcanoes. Lake Van is a low-nutrient 
low-chlorophyll region, which makes the phytoplankton 
production sensitive to external nutrient input from the 
atmosphere. In this study, ten selected volcanic ash fallout 
deposits from Lake Van sediments (dating back to 82 ka) were 
used to determine the possible biogeochemical impacts of 
volcanic ash fallouts on alkaline lakes. Twenty sediment layers 
underlying and overlying the corresponding ten ash fallout 
deposits were used compare the sediment biomarker levels 
(pigments, alkenons, organic and inorganic carbon contents). 
In addition, microscopic observations of the microfossils 
(diatoms) in the sediments were done. Our new findings 
showed that volcanic eruptions can significantly impact the 
primary productivity either positive (fertilizing) or negative 
ways (toxic), while some of the eruptions caused negligible 
changes in the sediment biomarker contents. These different 
biogeochemical responses to volcanic eruptions could have 
arisen from the differences in the type and magnitude of the 
eruptions and also the initial paleoenvironmental and 
paleoclimatic conditions that controls the biogeochemical 
conditions of Lake Van during the time of volcanic eruptions. 
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Isotope hydrology and isotope hydrogeology over the last 

decades evolved mainly through the environmental isotopes 
that included principally the naturally occurring isotopes of 
elements found in abundance in the earth environment (e.g. H, 
C, N, O and S). Large developments of isotope hydrogeology 
were done and well-established techniques mainly applying 
stable isotopes of the water molecule (hydrogen and oxygen) 
are now used largely to trace water provenance but also 
recharge processes. New methods allow routine analysis of 
additional isotopes (multi collector ICP-MS, compound-
specific stable isotope analysis CSIA…) to trace pollutant 
plumes in groundwater, but classical ones can also be used, 
like stable isotope of the water molecule. 

In this study, we present data on stable isotopes O and H in 
an European region where electrochemistry plants occur. For 
confidentiality purposes, the sites remain anonymous. 
Actually, the industrial activities directly impact the 
groundwater over the site and migration of the contaminant 
plume out of the site is supposed. Our study intends first to 
characterise the recharge of aquifer that is mainly done by 
direct infiltration of rainwater, surface water or by subsurface 
inflow, and thus primary originates from precipitation. High 
and low altitude recharge can be demonstrated. Secondly, we 
used the stable isotope of the water molecule to trace over the 
site the impact of the Cl-rich liquor manufacturing process 
through large deuterium enrichment evidenced in the 
groundwater. These high values are related to a direct 
contamination of the groundwater through loss of Cl-rich 
liquor with δD values up to 400‰. Temporal variation of 
stable isotopes evidenced the remediation of the contamination 
as values in groundwater are now along the global meteoric 
water line in the wells previously reflecting the contaminant 
plume. No evidence of δD enrichment can be shown actually 
over the site. Therefore our study shows that the stable 
isotopes of the water molecule can also be successfully used in 
a way to trace pollutant plumes in groundwater. 
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Serpentine, an ultramafic mineral that can form both as a 
direct nebular condensate and from hydrothermal aqueous 
alteration of Fe and Mg-bearing parent, has been observed in 
multiple locations in the solar system, including Earth, Mars, 
and Europa. Serpentine minerals are of particular interest in 
planetary exploration because they are habitable environments 
for microorganisms on Earth. Serpentinites are also rich in 
multiple trace elements, including Ni, Cr, Ti, Co, and Cu. 
When rocks or soils interact with aqueous solutions, changes in 
chemistry and mineralogy can occur. Such changes can 
preserve characteristics of the interactions with liquid water, 
including factors such as pH, duration, and chemical 
composition of the water, and can therefore act as signatures of 
those altering conditions.  

We have completed a series of experiments examing the 
effects of organic acids and bacteria on both serpentine mineral 
(lizardite) and whole serpentine rock (serpentine + augite) 
dissolution. Oxalic acid accelerated the rate of lizardite 
dissolution by less than an order of magnitude in batch reactors 
over the pH range of 3 to 6. The presence of Acidithiobacillus 
ferrooxidans, a species common in acid mine drainage 
increased dissolution rates of lizardite in the first 8 hours of 
experiments in batch reactors at initial pH values ranging from 
1.5 to 4.0.  

Additionally, we completed whole rock serpentinite 
dissolution experiements to test the hypothesis that aqueous 
alteration with and without organic compounds will result in 
chemical signatures of alteration distinct from unaltered 
serpentine. Dissolution experiments were completed using 
solutions containing a) inorganic acids; b) organic compounds 
commonly resulting from abiotic processes (“abiotic organic 
compounds”); and c) organic compounds commonly resulting 
from biological processes (“biotic organic compounds”). 
Results from these experiments will allow interpretation of 
potential chemical and mineralogical signatures of aqueous 
alteration, which are useful because they may persist in the 
intense radiation at the surface of some planets including Mars.  
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Cutin biopolymer and its common building blocks 

9(10),16 dihydroxy palmitic acid (diHPA) are commonly 
found in soil organic matter and in particular in humin fraction. 
However, little information is available on the reactions of 
cutin monomers and fatty acids with clays.  

Adsorption and reconstitution of cutin monomers were 
measured with Na+-, Ca2+- and Fe3+-Wyoming montmorillonite 
(SWy1, CaWy1 and FeWy1) and on nontronite (NAu2). The 
isotherms of adsorption of cutin monomers on smectites were 
fitted by a dual mode model of sorption, which combines site 
specific adsorption mechanism (Langmuir –type part) and 
linear part related to smectite interlayer penetration and 
multilayer adsorption of cutin monomers on clay surfaces. The 
diHPA specific adsorption affinity was 5-10 times higher for 
the iron-enriched smectites (FeWy1 and NAu2) as compared 
with CaWy1 and SWy1. Based on FTIR data we suggest that 
diHPA forms inner-sphere complexes with FeWy1 and NAu2 
surfaces but not with SWy1 and CaWy1. XRD measurements 
showed expansion of the interlayer spacing of smectites by up 
to 0.45 nm with increase in diHPA loading. This indicates the 
diHPA penetration into smectite interlayers. All 
montmorillonite samples induced esterification and 
oligomerization of the monomers. Esterification was more 
pronounced for the iron-enriched smectites (FeWy1 and 
NAu2). Atomic Force Microscopy (AFM) analysis of 
monomer-smectite complexes demonstrated the coverage of 
smectite surfaces with monomers, and increased 
hydrophobicity of organo-clay complexes as compared with 
cutin monomers. 

Esterification and polymerization of monomers of cutin on 
surfaces of smectites results in the formation of natural soil 
organo-mineral complexes, in particular, humin. 
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The Atacama Desert in northern Chile is one of the driest 
regions on Earth, receiving less than 12 mm of precipitation 
per year [1]. As a result, the Atacama Desert ranks among the 
most important geographic locations for investigating the 
hydrological responses to extreme climate variability in 
hyperarid environments [2]. Water availability in the Atacama 
Desert of northern Chile is primarily driven by recharge and 
runoff from high elevation regions in the Andean Altiplano [3]. 
Oxygen isotope analysis on Prosopis tamarugo tree ring α-
cellulose over multiple time-series spanning the Holocene 
provide sub-annually resolved records and display regional 
variations in climate and hydrogeology in the Atacama.  

Ancient (9.1 to 4.5 ka) P. tamarugo samples from the 
Pampa del Tamarugal region of the Atacama Desert record 
δ18O values that range from 32.8 to 33.8‰ with relatively low 
seasonal (intra-ring) variability (avg. 1.1‰, 2σ=0.6‰). 
Samples from Ramaditas, an archaeological site in the region, 
date from 2.0 to 2.5 ka and have a significantly larger range of 
δ18O values (22.8 to 39.4‰) and greater seasonal variability 
(avg. 3.3‰, 2σ=2.4‰). Modern samples have δ18O values that 
are similar to the ancient samples (range = 33.5 to 34.6‰) with 
low seasonal variability (1.1‰, 2σ=0.8‰). Seasonal variations 
in the δ18O values of P. tamarugo record periods of unstable 
conditions and/or increased runoff from 2.0 to 2.5 ka, possibly 
as a result of changes in monsoonal precipitation in the 
Altiplano recharge regions. Low seasonal variability in δ18O 
values in ancient and modern P. tamarugo trees record a stable 
moisture source that is most likely groundwater controlled. 
These sub-annually resolved records demonstrate that over the 
past 9ka water availability in the Atacama Desert has been 
driven by significant regional-scale variations in climate and 
hydrogeology in the Altiplano. 
 
[1] Clarke (2006), Geomorph. 73, 101–114 [2] Gayo et al 
(2012), E-SR 113, 120–140 [3] Houston (2002), Hydro. Proc. 
16, 3019-3035 
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Despite hints of surface ocean oxygenation as early as ~3 

Ga, the ocean remained broadly anoxic throughout the 
Precambrian. Similarly, the oceanic SO4

2- reservoir, which is 
the largest reservoir of oxidizing power in the modern ocean, 
was substantially smaller in deep time. Such scarcity of 
respiratory electron acceptors potentially allows for an 
expanded role for methanogenic remineralization pathways—
and, possibly, large CH4 fluxes that could have had important 
implications for Proterozoic climate stability if biogenic CH4 
evaded oxidation in an oxidant-lean ocean.  

We use GENIE, an earth system model of intermediate 
complexity, to explore the protracted evolution of marine 
oxidant budgets and the potential links to marine CH4 fluxes. 
Our modeling efforts involve several improvements to the CH4 
cycle in GENIE, which previously neglected key anaerobic 
proceses. Most notably, we have added representations of 
methanogenesis and anaerobic oxidation of methane coupled 
to sulfate reduction to the existing biogeochemical module. To 
assess oxidant controls on marine CH4 fluxes, we vary the total 
oceanic oxidizing capcity over several orders of magnitude via 
adjustments to atmospheric pO2 and the total oceanic S 
inventory. We also investigate the steady-state sensitivity of 
marine CH4 fluxes to the spatial distribution of oxidants 
through adjustments to remineralization length scales 
(effectively, the vertical distribution of respiratory oxidant 
demand) and ocean circulation parameters affecting the lateral 
and vertical transport of oxidants. 

This work yields exciting insight into the dynamics of CH4 
cycling under the oxidant-deficient conditions that 
characterized the majority of Earth history and supports further 
speculation regarding the triggering of Neoproterozoic 
Snowball Earth events. Although our modeling is cast in the 
context of the evolution of Proterozoic redox and climate, our 
GENIE updates may also allow improved exploration of 
Phanerozoic intervals of reduced oxidant availability that are 
coincident with proposed perturbations to the CH4 cycle. 
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Ice-core measurements have revealed a highly asymmetric 

cycle in Antarctic temperature and atmospheric CO2 
concentration during the last 800 kyr. Both CO2 and 
temperature decrease over 100 kyr going into a glacial period, 
then steeply increase over less than 10 kyr at the end of a 
glacial. There does not yet exist wide agreement about the 
causes of this cycle or about the origin of its shape. Here, we 
explore the possibility that an ecologically driven oscillator 
plays a role in the dynamics of the cycle. A conceptual model 
describing the interaction between calcifying phytoplankton 
and ocean alkalinity shows interesting features: (i) it generates 
an oscillation in atmospheric carbon dioxide with the 
characteristic asymmetric shape observed in the ice-core 
record, (ii) the system is able to transform a sinusoidal 
Milankovitch forcing into a sawtooth-shaped output, and (iii) 
there are spikes of enhanced calcifier productivity at the 
glacial-interglacial transitions, consistent with several 
sedimentary records. This suggests that ecological processes 
might play an active role in the observed glacial-interglacial 
cycles. Thus, our study [1] potentially provides a fundamental 
shift in our understanding of how and why carbon is released 
from the oceans to the atmosphere during deglaciations. 

 
[1] Omta et al (2013) Glob. Biogeochem. Cyc. 27, 692-704 
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Around 1 Ma, a major transition in the paleoclimate 

dynamics took place, as the dominant periodicity of the 
glacial-interglacial cycles shifted from 40 to 100 kyr. We argue 
that this Mid-Pleistocene Transition may be the result of a 
spontaneous change that systems exhibiting sawtooth cycles 
can experience when periodically forced. This is illustrated 
with a simple model describing the dynamical interaction 
between calcifying organisms and ocean alkalinity. The model 
generates sawtooth cycles in alkalinity, corresponding with 
observed reverse sawtooth cycles in atmospheric CO2, as well 
as sharp spikes in calcite production at the glacial-interglacial 
transitions. When applying a sinusoidal forcing with a fixed 
period, there emerges a rich variety of sawtooth cycles with 
different periodicities, each being a multiple of the forcing 
periodicity. It is shown that the dominant periodicity of the 
resulting cycles can change, while the forcing amplitude and 
periodicity remain fixed, due to internal dynamics or noise. 
Whenever such a change occurs, the amplitude of the sawtooth 
cycle changes by about the same factor as the periodicity 
which is consistent with observations. Furthermore, the 
magnitude of the calcite spikes increases when the periodicity 
and amplitude of the sawtooth increase: a prediction that could 
be tested against new high-resolution marine sediment records. 
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Studies on the weathering of ophiolitic rocks can serve as a 

natural analogue for the sequestration of metals released 
through geogenic and/or anthropogenic processes. During the 
formation of Ni laterites, physical and chemical breakdown of 
primary minerals in ophiolites alter into secondary phases that 
sorb, precipitate, chelate, or complex metallic ions. To 
determine the bioavailability and mobility of these metals, 
XRD methods and selective sequential extraction were 
designed to analyse 12 laterite aliquots from a core profile in 
Mindoro, Philippines. We investigated a complete laterite 
deposit consisting of limonite, intermediate, and saprolite 
layers overlying a peridotite bedrock. We developed a 
selective sequental extraction scheme that targets metals found 
in the adsorbed, exchangeable, and carbonates (step 1); 
amorphous Fe and Mn oxides (step 2); crystalline Fe 
oxides/hydroxides (step 3); and residuals and silicates (step 4). 
The elements including Mg, Ca, Al, Fe, Cr, Ni, Co, and Mn 
were quantified in the supernatant using ICP-AES. To validate 
the effectiveness of the extraction and phase dissolution, we 
analyzed the residue in each step. The XRD profile of the 
residue after step 3 suggests the dissolution of dominant 
crystalline Fe phase (i.e. goethite). This is shown by the 
increase in the peak intensities of the dominant residual silicate 
(i.e. lizardite), and a substantial decrease in those of goethite. 
The elements Ni, Mn, Cr, and Co were highly enriched in the 
limonite and intermediate zones, while Mg and Ca are mainly 
bounded in the saprolite and bedrock zones. Crystalline Fe-
oxides/hydroxides host significant amount of Fe, Al, Cr and 
Ni. Whereas amorphous oxides mostly sequester Mn and Co. 
We found out that nickel laterites can be a helpful tool in 
understanding metal behavior during weathering of rocks, 
particulary when we take into account the formation of phases 
that incorporate metal cations within their crystalline structure. 
The mechanism by which elements behave in weathering 
profile are greatly affected by the mineralogy and 
environmental conditions. This study shows that metal 
transport can be influenced by both the mineralogy and the 
environmental conditions. 
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We report the application of a tunable infrared laser direct 

absorption spectroscopy (TILDAS) instrument for precise 
measurement of doubly-isotope substituted methane, 13CH3D. 
The relative abundance of 13CH3D may indicate the 
temperature at which methane is formed or thermally-
equilibrated, and thus provide a new dimension of constraints 
on the origin of methane in various geologic settings. 

The TILDAS instrument simultaneously measures 
absorption line strengths of four methane isotopologues 
(12CH4, 13CH4, 12CH3D, and 13CH3D) using two quantum 
cascade lasers. The narrow line width (<10 MHz) of the laser 
enables high spectral resolution and measurement of 13CH3D 
line strength virtually free from interference.  

A dual-inlet sample introduction manifold with two 
adjustable bellow volumes was constructed and interfaced with 
the TILDAS instrument. Long term (>2 months) precisions 
(2σ) are ±0.1‰ for the ratio 13CH4/12CH4 and 12CH3D/12CH4, 
and ±0.2‰ for the ratio 13CH3D/12CH4, evaluated by repeated 
measurements of a pair of methane samples. Our isotopologue 
thermometry scale is calibrated by thermally-equilibrating 
methane between 200 and 400°C, and is consistent with 
theoretical prediction within this temperature range. 
Calibration for lower temperatures using methanogen cultures 
is currently in progress [1].  

The accuracy of our technique is ±0.5‰, evaluated by 
thermally-equilibrating methane with a range of δD-SMOW 
values (from -380 to +180‰). An accuracy of ±0.5‰ allows 
estimation of the apparent isotopologue temperature to within 
±30 °C for methane scrambled at 100 °C. Our technique has 
been applied for measurement of 13CH3D in methane from 
natural gas [2] and other geologic sources.  
 
[1] Gruen et al Goldschmidt 2014; [2] Wang et al Goldschmidt 
2014. 
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Chalcopyrite is almost always a non-stoichiometric. Given 
the presence of the impurity atoms in the structure of 
chalcopyrite should clarify the formula: (Fe)α(Z)ϱ(Cu)ϰ(S2)β, 
where Z may represent impurity atom, e.g., Co, Ni, Au and Zn. 
The ratio A(anion)/C(cation) in this case is the ratio of 
2β/(α+ϰ), because each anionic vacant position corresponds to 
two sulfur atoms, consequently, the density vacant positions 
(n) is defined by the equation: n = β–(α+ϰ)/2.  

If α, ϰ and β are equal to unity (stoichiometric composition 
CuFeS2), then, as the calculation of iron in the sample shall be 
30.43 wt. %, copper - 34.63 wt. % , sulfur - 34.94 wt. %. Only 
in this case the structure of chalcopyrite no cationic or anionic 
vacancies. Analysis of allows to make a conclusion that the 
total density of the impurity atoms is practically independent 
of the ratio S/(Fe + Cu) in the samples. Was investigated 
chalcopyrite from "Panimba" deposits (Krasnoyarsk region, 
Russia). The chemical composition of chalcopyrite was 
determined in the laboratory of microprobe analysis (EPMA) 
in Novosibirsk- city.  
 
A/C n·10-2 ϱCo·10-2 Co;wt.% ϱAu·10-3 Au;wt.% 
0.988 -1,187 0,113 0.044 0.023 0.003 
0.994 -0.623 0.111 0,043 0,085 0.011 
0.999 -0.120 0.067 0.026 0.062 0.008 
1.001  0.055 0.095 0.037 0.177 0.023 
1.007  0.655 0.036 0.014 0.162 0.021 
1,012  1.156 0.072 0.028 0.215 0.028 
Table 1. Selected results EPMA and calculations ( ϱCo, ϱAu and 
n) only for impurity atom of Co and Au. 

 
The unit cell of chalcopyrite corresponds to the structure of 

the superstructure of sphalerite, as formed by two cell types 
sphalerite, put on each other along the axis of the "c". In such a 
structure should be free octahedral sites, and they occupy the 
impurity atoms. These positions do not depend on the density 
vacant positions in the parent matrix. 

In the structure of samples even with equal density of 
vacancies, the density of the impurity atoms subject to change 
in magnitude. If there is no vacant positions in the structure 
analysis of the results shows that the presence of impurities in 
structure possibly.  
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Pyrite (FeS2) almost always has not a stoichiometric 
composition, and therefore has cationic and anionic vacant 
positions in the structure. The composition of natural pyrite 
better represent the by the chemical formula (Fe+2)α((S2)-2)β. If 
α and β are equal 1 (stoichiometric composition), iron in the 
sample shall be 46.55 wt. %, and sulfur - 53.45 wt. %. Only in 
this case the structure of pyrite no cationic or anionic 
vacancies. Thus, S/Fe relation in that case can be defined with 
a bigger accuracy from the relation 2β/α as each position of a 
dumbbell is taken by two atoms of sulfur, and density of 
vacant positions (n) will be defined by the equation: (1 – α) = 
(2β – 2) = n. Was investigated area of pyrite "Panimba" 
deposits (Krasnoyarsk region, Russia). The chemical 
composition of the samples in the laboratory of microprobe 
analysis (EPMA) was determined.  

	  
Fig.1. Density vacant positions in the structure of pyrite 

with different ratios S/Fe. 

The curve in fig. 1 shows that the samples with the same 
value of S/Fe may have a different density of vacancies in the 
structure. Shown that the ratio S/Fe = 2.00 in pyrite is not a 
necessary and sufficient condition for the absence of vacant 
positions in the structure. More important, in this sense, is not 
the ratio S/Fe, but the percentage of Sulfur and Iron in the 
samples. 
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Presently within the scientific literature no terrestrial 

biogenic silica models exist that compare by magnitude, 
processes transporting silica. Although studies are available for 
specific plant functional types, such as grasslands, the 
measured fluxes cannot be applied to predict biogenic silica 
cycling within different grassland ecosystems. Change in 
vegetation type has the potential to alter dissolved 
concentrations of Si in rivers and ultimately the oceans. 
Diatoms greatly depend on Si concentrations for growth, and 
as a result land cover change may have influenced onset 
diatom radiation during the Cenozoic. To expand our 
understanding of this cycle, a terrestrial biogenic silica model 
is proposed. This model accounts for biogenic silica 
production, dissolution and leaching through soils, as well as 
providing estimates for annual silica soil storage. Among land 
cover classes, conifer dominated regions expressed the highest 
silica fluxes in rivers, 4.70 kg ha-1 yr-1, while wetlands showed 
the lowest, 0.258 kg ha-1 yr-1. This variation can be explained 
by both biological process such as production and dissolution, 
and abiotic processes of leaching. A case study performed 
using the constructed biogenic silica model, showed an 
increase in oceanic DSi concentration during the Miocene 
(period of diatom diversification). However, this increase does 
not appear to have been sufficient to trigger global diatom 
radiation, suggesting multiple geographically isolated locations 
for this diversification.  
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The soil weathering degree changes the mineralogy of 
secondary phases which, in turn, not only affects the soil 
organic carbon (SOC) dynamics but also controls the fate of Fe 
and Si and dissolved Fe and Si fluxes exported from soils to 
the hydrosphere. Constraining the relationship between 
weathering in soils and the fate of SOC, Fe and Si is central to 
understanding the link between the C cyle and the global 
biogeochemical cycles of Fe and Si, two key oceanic nutrients. 

Icelandic soils provide an ideal natural laboratory to study 
these processes, and we have focused on five soil profiles 
developed on the same parent basalt and exhibiting contrasted 
weathering degree. Secondary phases are dominated by short-
range ordered minerals such as allophane and ferrihydrite. In 
more weathered soils, free Fe-oxides are more abundant and 
proportionally more cristalline. We have quantified the SOC 
pools by horizons, determined organic carbon (OC) 
mineralisation rates under controlled conditions, and carried 
out Fe and Si isotope determinations of bulk soils, secondary 
phases and soil solutions. 

The results indicate a relatively higher OC mineralisation 
in less weathered soils, and suggest that the mean residence 
time of OC in soils increases with the amount of free Fe-
oxides. The Fe and Si isotope compositions of solid and 
dissolved phases indicate that dissolved Fe and Si in soil 
solutions originate from the dissolution of Fe-oxides and the 
release of Si adsorbed onto Fe-oxides. This is enhanced in 
more weathered soils relative to less weathered, which have 
lower content of Fe-oxides. 

This study suggests that the fate of SOC, Fe and Si in 
Icelandic soils is strongly related to the formation of Fe-oxides 
with increasing weathering. 
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The eastern flank of the Juan de Fuca Ridge is arguably the 
best studied system of ridge flank hydrothermal circulation in 
upper oceanic crust, yet we still have a relatively poor 
understanding of the structure and function of microbial 
communities residing in upper oceanic crust in this location. 
We employed state-of-the-art single cell genomic techniques to 
sort individual microbial cells from hydrothermal fluids 
collected from subseafloor observatories, to explore the genetic 
potential of dominant and rare members of the microbial in this 
potentially dynamic environment. This approach has revealed 
details regarding the capacity for carbon, nitrogen, and sulfur 
cycling by members of the microbial community, and suggests 
novel adaptations for the crustal hydrothermal deep biosphere. 
These data will be presented in the context of evidence for 
microbial activity in this environment, and how it compares to 
other crustal and hydrothermal systems. 
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To better understand the impact that the Gulf of Mexico 
Deepwater Horizon oil release had on deep-sea (>1,000 m 
water depth) benthic microbial communities, we designed and 
tested a novel experimental package for long-term analysis of 
sediment microbial ecology and biogeochemistry. Using low-
cost geochemical and microbial sampling systems, temporal 
and spatial variations in microbial community composition, 
biogeochemical reactions and hydrologic activity were 
examined, enabling the investigation of sediment 
microorganism response to acute and chronic inputs of 
hydrocarbons. The experimental package, named MIMOSA-
MIcrobial Methane Observatory for Seafloor Analysis, is 
designed to continuously collect fluid samples for quantifying 
hydrocarbon flux from the seabed, following changes in 
bottom water and sediment porewater geochemistry associated 
with hydrocarbon inputs and cycling, and observing dynamics 
of microbial communities involved in hydrocarbon cycling. 
The observatory also carries out active in situ experimentation 
by continuous injection of enrichment substrates (i.e. oil, 
labeled substrates and/or electron acceptors) into sediments. In 
this presentation, we will describe the concept, design, and 
early results of MIMOSA, highlighting deployments 
conducted in the Gulf of Mexico at a deep-water natural oil 
seep and at a non-seep site near the Macondo well-head.  
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The microbial loop model is fundamental to our 

understanding of biogeochemical cycling of nutrients and 
minerals in aquatic eco-systems. Metabolic processes are 
distinctly coupled in microbial communities: photosynthetic 
primary producers (bacteria and/or unicellular algae) release 
C- and N-based dissolved organic matter (DOM) comprising 
various biopolymers, amino acids and unknown molecules that 
are readily assimilated and re-mineralized by heterotrophic 
bacteria/archaea and protozoa. These biopolymers are 
produced by several mechanisms including direct release, 
mortality by viral lysis, regulated exocytosis of metabolites 
and polymers, grazing and apoptosis. These processes 
contribute to shape the DOM molecular landscape. Systems-
wide approaches (omics) allow an integrated, and untargeted 
method to systematically evaluate and understand the 
responses of organisms to environmental forcing; on the hand, 
DOM targeted studies allow understanding the spatial and 
temporal distribution of molecules in the DOM. In this talk I 
will couple these approaches to understanding the DOM 
molecular landscape in time and space. 
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Despite concerted efforts at mitigation over the past two 
decades, mercury (Hg) remains a pronounced environmental 
problem for the Florida Everglades and its ecosystem 
restoration effort. This is because of the multiple factors 
contributing to the formation and bioaccumulation of 
methylmercury (MeHg), the major form of Hg of concern to 
environmental health. High loading of inorganic mercury 
(from atmospheric deposition) and sulfate (from surface 
runoff) are the principal drivers of MeHg formation, while 
DOC plays a key role in solubilizing and enhancing the 
bioavailability of inorganic mercury, and in the transport of 
MeHg.  

Restoration of the Everglades will require changes in flow 
path, and possible additional loading of sulfate from aquifer 
storage and recovery. These changes will likely alter the 
dynamics of MeHg production in the ecosystem. It is essential 
for resource managers to understand how these changes will 
impact sensitive areas such as Everglades National Park 
(ENP), where many species are vulnerable to toxic impacts 
from MeHg exposure. Our group has developed models to 
predict how restoration will change the magnitude of sulfate 
loading, and the areas of the ecosystem most sensitive to 
MeHg formation from these changes in sulfate loading. Model 
output includes estimates for the loading, the flow paths for 
sulfate and DOC, rates of sulfate removal as flow moves 
across the marshes (calculated removal rate ranging from 1 to 
4 mg/L - km), and complex biogeochemistry involving 
interactions among different forms of mercury, sulfur and 
DOC. Our results suggest that sheet flow of surface water 
across the Water Conservation Areas upstream of ENP may 
remove enough sulfate to mitigate the impact of MeHg 
production in ENP. Delivery of sulfate laden water to ENP in 
canal flows results in much greater loading of sulfate and 
subsequent production of MeHg in ENP that would circumvent 
modeled sulfate uptake by sheet flow across marshes.  
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Subseafloor sediment contain the largest reservoir of 

reactive Carbon on Earth, which represents a potentially vast 
habitat for microbial life. Microbial life in subseafloor 
sediment has been confirmed through cultivation and 
cultivation independent approaches, yet there is a dearth of 
data on which microbes are active in situ and which 
biochemical activities dominate in different marine subsurface 
habitats. Messenger RNA (mRNA) and ribosomal RNA 
(rRNA) are relatively labile molecules that are rich in 
biological information, and thus can serve as useful proxies for 
high-resolution reconstruction of present microbial activities. 
While RNA-based approaches are challenging in the 
subseafloor due to relatively low levels of activity, recent work 
has successfully optimized mRNA and rRNA proxies for 
subseafloor samples. Here, several studies utilizing RNA 
proxies will be presented that investigated distributions and 
metabolisms of active subseafloor microbes in the context of 
the geochemical environment. This work supports 
biogeochemical calculations and models of subseafloor 
microbial activity and has helped to refine our understanding 
of subseafloor microbiology by elucidating key active 
microbial players and their metabolic strategies for adapting 
and surviving under varying geochemical conditions. 
Compared to RNA however, DNA is much less labile. DNA is 
preserved over geological timescales under certain sedimentary 
and geochemical conditions (the “paleome”), and can be used 
as a paleoproxy for reconstructing the response of plankton to 
past climate change with high (genus and species level) 
resolution. Recent paleome studies from the Black Sea have 
elucidated the historical response of virioplankton, 
microzooplankton, and zooplankton to historical climate 
change and will also be discussed.  
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Understanding the extent of life in the deep subsurface is 
critical for quantifying the environmental scope and metabolic 
diversity of life on Earth. To this end, the NASA Astrobiology 
Institute Life Underground is targeting the continental 
subsurface biosphere, including at the Sanford Underground 
Research Facility (SURF) in the former Homestake Gold 
Mine, SD, USA. At this site, 500 km of tunnels cut through 
metamorphosed paleoproterozoic iron formation host rock to a 
depth of 8100 ft [1]. Mine drifts and boreholes can intersect 
subsurface aquifers, allowing for direct sampling of otherwise 
inaccessible environments.  
 Geochemical analyses of borehole fluids and pools from 
the 300 to 4850 ft levels of the mine have revealed enormous 
geochemical diversity. Fluids ranged from fresh to brackish, 
correlating with a transition from oxidizing to reducing 
conditions (ORP 330 to -275 mV). The concentration of redox 
sensitive species also varies considerably (e.g. Fe2+ bdl to 6.2 
mg/L and S2- 7 to 305 μg/L). The composition of these fluids 
reflects mixing between isolated subsurface fluids and fresher 
meteoric fluids [2]. Variable geochemical composition 
produces wide-ranging energetic yield for chemolithotrophic 
microbial metabolisms. Many reactions range from highly 
exergonic to endergonic depending on location. Extrapolated 
across the mine footprint, this suggests a complex spatial 
mosaic of potential subsurface primary productivity. 

DNA sequencing was performed on filtered borehole fluid 
and in situ microbial biofilms. These data reveal diverse 
microbial communities including chemolithoautotrophs, some 
with significant homology to previously reported subsurface 
strains [3,4]. Despite low water temperatures (10 to 32.2 °C), a 
number of thermophilic genera are present, suggesting either 
local adaptation to low temperature or fluid flow from warmer, 
deeper environments. Comparison of energetic and 
phylogenetic data will be used to unravel biogeochemical 
cycling at each site and extrapolate to the local subsurface. 

 
[1] Caddey S. W. (1991) USGS Bull. 1857-J, 1-67 [2] 
Murdoch L. C., et al (2011) Hydrogeology Journal 20, 27–43 
[3] Rastogi G. et al (2009) J Microbiol. 47, 371–384 [4] Takai 
K., et al (2002) Appl. and Env. Micro. 68, 3046–3054  
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An abrupt cooling event at 8.2 ka punctuates the relative 
stability of the Holocene record of Greenland air temperature. 
Stalagmite δ18O records from China and Oman document an 
interval of weakened monsoon and increased aridity with a 
double-plunging structure also centered around 8.2 ka. 
Brazilian speleothem δ18O records indicate enhanced monsoon 
precipitation, pointing to rapid teleconnections between the 
North Atlantic region and monsoon systems influenced by the 
Intertropical Convergence Zone. Although there is evidence 
for reduced sea surface temperatures off of the northern 
California coast at this time, a dearth of regional paleoclimate 
records of sufficient resolution to capture this event precludes 
our ability to determine its influence on western North 
American climate. Here we present a sub-annually resolved 
record of trace element variations from a speleothem from 
White Moon Cave that captures the time interval surrounding 
8.2 ka and documents the response of coastal California 
climate to this period of abrupt change. 

Speleothem SC-1 grew between 8.7 ± 0.03 and 7.1 ± 0.03 
ka in White Moon Cave in the Santa Cruz Mountains. The 
sample grew relatively fast (75 to 100 µm/year) and confocal 
laser fluorescent microscopy reveals annual banding 
throughout the sample. Laser-ablation ICP-MS measurements 
of trace elements (Mg, Sr, Y, Ba, U) were conducted at sub-
annual resolution. Sr and Ba display a strong positive 
correlation and likely record prior calcite precipitation, while 
Mg and U are negatively correlated. Mg, Sr, and Ba display 
annual periodicities. Sr and Ba decrease sharply (within ~ 10 
years) at 8.24 ka, within dating error of a δ18O increase in 
stalagmite HS-4 from Heshang Cave, China. Mg 
concentrations also fall sharply ~ 10 years after the decline in 
Sr and Ba. Sr concentrations increase at 8.15 ka, and Mg rises 
at 8.13 ka. Preliminary measurements also indicate more 
negative δ18O in SC1 at this time. The nature of changes in SC-
1 elemental concentrations around 8.2 ka display the same 2-
pronged structure noted in speleothem records from China and 
Brazil and indicate that climate at this time became wetter with 
increased North Pacific sourced moisture, further suggesting 
that rapid teleconnections exist between the North Atlantic 
region and climate on both sides of the Pacific. 
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During the past decades, numerous experimental avenues 

have been followed to mimic the natural formation of 
hydrocarbons in sedimentary basins. A longstanding issue is 
whether and to what extent water might play an important role 
in the maturation of organic matter. Most kinetic data on 
hydrocarbon formation are derived from open dry pyrolysis 
experiments – or closed dry pyrolysis on isolated kerogen from 
source rocks. Some groups [e.g. 1] argued that hydrous 
pyrolysis experiments produce petroleum resembling natural 
oil and gas more closely. But even within the group of 
advocates for hydrous experiments a disagreement exists about 
whether finely ground or only crushed source rock material 
should be used for the experiments. The main difference is the 
available surface area for mineral buffering of the aqueous 
fluid pH and fO2, and the availability of water molecules at the 
sites of hydrocarbon release from the kerogen. An additional 
difference is the timing of the release of the hydrocarbons to 
the aqueous fluid 

Therefore hydrous pyrolysis experiments in Dickson-type 
flexible gold-titanium cells have been carried out with aliquots 
of either crushed or finely ground Posidonia shale source rock 
at 315°C and 120 bars. The aqueous phase was analyzed for 
hydrocarbons, ketones, alcohols, organic acids, and organic 
sulfur compounds, as well as H2, CO2, and H2S. 

Overall, there are higher aqueous concentrations for all 
compound classes in the experiments with the source rock 
powder compared to the rock chips, the difference being most 
pronounced for the hydrocarbons, less pronounced for the 
ketones, and only small for the organic acids and the organic 
sulfur compounds. The concentration of the organic sulfur 
compounds is proportional to the H2S concentration in all 
samples and point to a rapid formation and destruction of these 
compounds. The concentrations of ketones are always higher 
than those of the alkanes of the same C-number for C3 and C4 
and increase in proportion to the organic acids throughout the 
experiments. The implications for the pathways of petroleum 
formation and the stability of hydrocarbons in shale gas/oil 
systems are discussed based on a comparison between the 
experimental results and a thermodynamic analysis of water-
rock-hydrocarbon interactions in the Posidonia shale. 
 
[1] Lewan (1979) Science 203, 897-899 
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Work in Connecticut, USA has linked crystallographically 

oriented rutile needles included in garnet to ultrahigh 
temperature (UHT) metamorphism [1, 2]. This textural feature 
is also seen in garnets from the Littleton Formation in 
Phillipston, Massachusetts, USA, prompting investigation into 
the time-temperature history of these rocks in order to better 
understand the metamorphic history of central Massachusetts. 
In this study, a single 2.4 cm diameter garnet porphyroblast 
was drilled into six concentric growth zones [3] and each zone 
was prepared for Sm-Nd analysis. Additionally, zirconium 
concentrations in rutile needles were measured using an 
electron microprobe and Zr-in-rutile temperatures [4] of 
>900°C were calculated. Because the rutile needles were only 
present in the outer two zones of the garnet we calculated a 
garnet-matrix isochron age (using the outer two zones only) of 
363.91 ± 0.80 Ma (n=7; MSWD = 4.7) and interpret this to be 
the age of the UHT event. Interior zones of the garnet show 
flat major element chemistry likely reflecting full diffusional 
resetting of earlier garnet during the UHT event. This UHT age 
is significantly younger than 390-380 Ma Acadian orogeny 
ages recorded in New Hampshire [5], but agrees with some 
younger, Neo-Acadian ages reported in Massachusetts [6]. 
 
[1] Ague and Eckert (2012) American Mineralogist 97, 840-
855 [2] Ague et al (2013) Geology 41, 271-274 [3] Pollington 
& Baxter (2011) Chemical Geology 281, 270-282 [4] Tomkins 
et al (2007) Journal of Metamorphic Geology 25, 703-713 [5] 
Pyle et al (2005) American Mineralogist 90, 592-606 [6] 
Robinson et al (1998) GFF 120, 119-148 
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Chemical interactions with mineral surfaces are important 
for stabilization of organic matter (OM) in soil, and hence for 
its preservation against microbial biodegradation. To better 
discern the mechanism of stabilization of C in high Fe 
smectite-illite soil clay nanoparticles, we used multi-element 
scanning transmission x-ray microscopy (STXM-NEXAFS) to 
determine the nature of the chemically bound natural OM and 
to visualize the spatial distribution of C and N and the 
association with Al, Si, and Fe in intact soil clay nanoparticles. 
Solid-state 13C NMR spectroscopy was used to characterize 
natural OM associated with clay minerals. The soil clay 
fraction containing 5.5% organic C was isolated by 
sedimentationfrom the surface of a prairie soil in Minnesota 
(pH 6, 32.5% clay, and 3.7% organic C). The clay was 
subjected to density separation in sodium polytungstate 
combined with low energy ultrasonic dispersion to separate the 
free and physically protected OM and black C from the 
chemically bound C, resulting in three fractions: light, 
medium, and heavy. The CP-MAS 13C-NMR spectrum of the 
whole soil clay suggested that polysaccharides and 
polypeptides are the prevailing organic components, with only 
a minor component of aromatic C, but the DP-MAS 13C NMR 
data suggested black C to be predominant. The STXM results 
showed that proteins and polysaccharides are abundant in the 
soil clay and the black C constitutes distinct particles Iron was 
identified to occur as Fe(III) associated with Al and Si in the 
clay. The results suggest that (1) the smectite-illite sheets in 
the soil preferentially retain peptides, and polysaccharides 
favoring the protection of these normally readily biodegradable 
fractions relative to the lignin-derived phenolic components 
that are incorporated within the light fraction; (2) black C is 
contained in the light fraction as a separate phase, and is likely 
partially associated with OM bonded with the smectitic clays; 
and (3) lipids are associated with organic-clay nanoparticles as 
a separate phase. 
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There is now a great interest in understanding paleoredox 

conditions of Earth’s atmosphere and oceans because it is 
essential for investigating links between biospheric 
oxygenation and major biological innovation and extinction. 
Accumulating geochemical records, such as abundances and 
speciation of redox sensitive elements and their isotopes, 
reveal large spatial heterogeneity of Proterozoic ocean redox 
chemistry; anoxic and non-sulfidic conditions had been 
prevailed throughout much of the Proterozoic eon, and sulfidic 
conditions might had covered only a small portion of the 
seafloor. It remains, however, unclear exactly what 
biogeochemical conditions are necessary to explain these 
redox structure in the ocean interior. 

Here we show that the conditions for pervasive euxinia in 
the ocean are very limited, and widespread non-sulfidic 
condition is an inevitable consequence of both low 
atmospheric oxygen concentration and high pyrite burial 
efficiency, with the aid of a newly developed oceanic 
biogeochemical cycle model. Sulfidic waters would have been 
restricted to near-shore regions where nutrient and sulfate 
availabilities were sufficient for an increase in biological 
productivity and following sulfate reduction. 

We also found that widespread euxinia can be sustained for 
tens of millions of years only when oxygenated ocean goes 
into anoxic condition; as anoxia appears in the ocean, sulfate 
reduction increases to produce transitional peak of ΣH2S until 
ocean reaches its new steady state. Such “euxinia 
overshooting” will occur as long as ~20 Myrs, of which 
timescale is determined by a massive sulfate reservoir size of 
the initial oxic oceans. Therefore, large-scale euxinia can be 
achieved if a well-oxygenated ocean goes into anoxic 
condition, underpinning a theoretical explanation for the 
expansions of euxinia in the aftermath of Lomagundi-Jatuli 
event (LJE) which may have produced vast amount of oxygen 
to the atmosphere at 2.22−2.06 Ga. 
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The Triassic Kasımlar Formation units located are 

composed of bituminous shale, sandstone and limestone in the 
Akseki–Anamas Platform (Western Taurus, Turkey). This 
study evaluates the biomarker parameters calculated using the 
191 triterpane and m/z 217 sterane distributions obtained thru 
GC-MS analysis performed on the surface samples. Sterane 
distribution is C29>C27>C28 where C29 and C27 steranes show 
bimodal distribution. According to this distrubition, relative 
abundance of C28 shows green algea and diatom and relative 
abundance of C27 indicates red algae and planktons while C29 
indicates higher plants, green and red algae. The dominant 
sterol is C29 in the majority of the higher plants. In spite of that 
analyzed samples do not have terrestrial characteristics, C29 
ratios are somewhat higher than the C27 ratios (C27; 38%, C29; 
42%). And this means petroleum originated from marine 
carbonate rich source rocks might be rich in C29 which shows 
algeal composition. The C31 17α(H), 21β(H)-30 Homohopane 
(22R)/C30 ratio is 1.59, pointing carbonate–marine shale and 
marls. Similarly, the existence and relatively abundance of C29 
hopane, the C29/C30 ratio (>0.6), the C22/C21 tricyclic terpane 
(0.5), the C24/C23 tricyclic terpane (0.43) and the Ts/Ts+Tm 
(0.46) ratios all point to a carbonate lithology. The 
Diasterane/Sterane ratio is quite low (0.39) which supports all 
these findings. The 20S/(20S+20R) ratio (0.95) and the 
ββ/(ββ+αα) sterane ratio (0.53) indicate maturation. 
ββ/(ββ+αα) sterane and 20S/(20S+20R) ratios show maturity. 
The existence of C30 sterane points to a marine environment 
supported by the Sterane/Hopane (1.24) ratio. Accordingly the 
major part of organic matter could originate from marine 
material although some terrestrial input. 
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Serpentinization categorically describes the hydrolysis and 

transformation of primary ferromagnesian minerals such as 
olivine ((Mg,Fe)2SiO4) and pyroxenes ((Mg,Fe)SiO3) to 
produce a wide variety of secondary minerals and H2-rich, 
extremely reducing, high pH fluids over a wide range of 
environmental conditions. The production of H2 and H2-
dependent CH4 in serpentinization systems has received 
significant cross-disciplinary interest especially with regards to 
the abiotic synthesis of organic compounds, the origins and 
maintenance of life, and energy resources. Here the dynamics, 
utility and application of serpentinization products at high and 
low temperatures, specifically focusing on the fluids and gases 
produced, is presented. Serpentinization-related fluids and 
gases are evolved at relatively fast rates even in low 
temperature environments, stressing the importance of 
assessing temporally-dependent mineral formation, low 
crystallinity/amorphous precipitates and multiple chemical 
pathways. To one extent, the rates and dynamics of H2 and 
CH4 production and FTT synthesis may be coupled to put forth 
a model to assess whether life is present in an ultramafic 
hydrothermal system. One major caveat of H2 production is 
that carbonate oversaturation has been shown to reduce H2 
production. As a supplemental pathway, fluids can be (further) 
driven to carbonate oversaturation related to the increase in pH 
as serpentinization proceeds. The rate of pH increase relative 
to carbonate saturation is especially relevant at lower 
temperatures. As H2 and its inherently temporally-dependent 
pathways are interconnected, network and 
compartmentalization models provide a means to 
parsimoniously test the circumstances that are capable of 
producing H2 and related CH4 with an emphasis on how it may 
advance deciphering the prebiotic synthesis of organic 
compounds. 
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The study area is located in intersection of Buyuk 
Menderes and Gediz grabens in Western Anatolia. The 
basement rocks in the study area are Paleozoic Menderes 
methamorphics which are characterized by alternations of 
marble, calcschist, quartzite, schist and gneiss. The basement 
rocks are generally overlain by a thick sequence of Pliocene 
and Quaternary rocks. The Pliocene rocks include 
conglomerate, sandstone, clay stone and clayey limestone. 
Quaternary is represented by travertine deposits. The reservoir 
rocks of the geothermal systems are Paleozoic karstic marble 
and Mesozoic limestone. Paleozoic schist and quartzite are 
secondary reservoir in the study area. The impermeable clayey 
sediments of Pliocene form the cap rocks in the region. The 
geothermal fluid ascends to surface through the major faults. 
Average outlet temperatures in the study area vary between 50 
and 56°C. Na-HCO3 type is the dominant water type in the 
geothermal field. Cold waters are mainly dominated by the 
HCO3 and SO4 anions and Na, Ca, and Mg cations. All the 
waters are of meteoric origin and have a circulation least 50 
years old according to the 18O, 2H and 3H contents. Scaling risk 
in production wells and surface equipments in the study area 
are the most important problem. Mineral saturations at 
measured sampling temperature of thermal waters generally 
indicate calcite, aragonite, dolomite and amorphous silica 
scaling. Carbonate minerals are under the risk of scaling at all 
temperatures above 50°C. Re-injection temperature must be 
above 80°C in order to prevent silica scaling. 
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Natural radionuclides have been investigated along with 

geological exploration of the rock massif for underground 
isolation of radioactive wastes. Perspective site of rock massif 
is mainly formed by archaean paragneisses with dykes of 
gabbros or dolerites that experienced granulite-facies 
metamorphism at the Palaeoproterozoic time. This time is 
considered to be connected with intrusion of the Nizhnekansky 
granite massif caused by accretion of archaean Angaro-Kansky 
microcontinent to the Siberian Craton. The massif of igneous 
rocks is situated in 5 km eastwards from the searched site. 

Exploration methods included well boring up to 700 m 
depth with radiometric logging and bedrocks sampling. All 
101 samples were tested by gamma ray spectrometry, atomic 
absorption spectroscopy, ICP MS, and partially were analyzed 
by chemical methods. 

Studies in archaean rocks have shown that they are 
characterized by low level radioactivity that is not hazardous 
for personnel, population, and nature. The mean activity of 
232Th, 238U and 40K in gneisses is 82±26 Bq·kg−1, 32±18 
Bq·kg−1 and 673±253 Bq·kg−1, but in dyke rocks activity is 
essentially lower 32±19 Bq·kg−1, 33±30 Bq·kg−1 and 3786±184 
Bq·kg−1 respectively. These results contradict the notion that 
granulite-facies rocks are usually depleted in U and Th. 
Thorium average content in gneisses (20 ppm) exceeds its 
average value in the earth’s crust (13 ppm), while U and 40K 
average contents (2.6 ppm and 2.7 ppm) are close to their 
values in crust. Gneisses also have higher Th/U ratio (table). 

 
Ratios Archaean Crust Gneiss Dykes Granit

e Th/U 4.2 7.7 3.0 7.3 
Th/Sc <0.6…0.7 1.91 0.61 1.84 
Ce/Cr < 0.6 0.6 0 2.8 
Cr/Th > 25 4.4 10.5 2.4 
 
Characteristic ratios show that gneisses are more similar to 

granite than to typical archaean crust (table). We consider that 
a probable source of gneisses enrichment in thorium is the 
granite intrusion of Nizhnekansky massif that caused 
migmatization and metasomatism in adjacent rocks and their 
enrichment in some elements originated from granite magma. 
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In shallow aqueous systems within the volcanic rocks of 

the Gölcük area in Isparta and environs, high fluorine contents 
up to 6.0 mg/l were measured which are higher than those of 
sedimentary rocks [1, 2]. Fluorine ions are leached mainly 
from glassy groundmass, lesser from fluorine carriers such as 
pyroxene, hornblende, biotite, phlogopite and fluorapatite. 
Fluorine contents in groundwaters within the volcanic rocks of 
Gölcük area are limited by the solubility of fluorite, i. e. also 
by Ca2+ values. Due to low pCO2 in the barren soils of 
pyroclastic tuffs, calcite dissolution is limited. Low Ca2+ 
concentrations are enhanced by Na+ versus Ca2+ ion 
exchanges. Moreover, F- versus OH- ion exchahges are 
espected at high pH values due to calcite dissolution with low 
pCO2. Finally, it can be deduced, that not only one single 
reason is the cause for the high fluorine contents measured in 
shallow aqueous systems, but also a concurrence of several 
natural factors.  
 
[1] Pekdeğer et al (1992) Freie Universität Berlin, Research 
Report, 53 p., [2] Pekdeğer et al (1992) Proc. 7th Internat. 
Symp. on Water-Rock Interaction, p. 821-824, Utah/USA/13-
18 July 1992. 
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It is commonly assumed that the terrestrial fractionation 
line (TFL) passes through the origin in δ’18OVSMOW vs. 
δ’17OVSMOW space. Two independent studies have recently 
shown that this assumption is invalid and that the Δ17O of the 
Earth mantle is negative [1,2]. Thus SMOW and the Earth 
mantle do not lie on a common TFL. This variation can be well 
explained by low- and high-T exchange between seawater and 
oceanic crust [1]. 

With our improved analytical technique, we are able to 
resolve ppm variations in Δ17O. On this small scale, the 
concept of a single terrestrial fractionation line (TFL) is invalid 
[1]. The Earth mantle is homogenous on the ppm scale and has 
a negative Δ17O. The variations we observe in  δ18O and Δ17O 
of crustal rocks and minerals bear information not only about 
the fractionation in δ18O, but also about the process that caused 
the fractionation (kinetic vs. equilibrium). A temperature effect 
is resolved for equilibrium fractionation [1]. 

The minerals in high-T equilibrated rocks (lherzolite, 
granite, high-grade metamorphic qz-px-mt rock) fall on MF 
lines with a slope close to the high-T approximation of 0.5305. 
Low-T solids (cherts, sponge silica, bioapatite, altered oceanic 
crust) define fractionation lines with shallow slopes of ~ 0.51 – 
0.52. 

In a first application, the triple isotope composition of 
marine chemical sediments is used as a single-phase 
geothermometer; assuming that changes in δ18O and Δ17O of 
seawater are closely coupled. A further application is presented 
in [Sengupta et al., this conference]. 

 
[1] Pack & Herwartz (2014) EPSL 390, 138-145. [2] Tanaka & 
Nakamura, RCM 27, 285-297. 
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Many natural silicate garnets (X3Y2Si3O12) exist as solid 

solutions between the various end-members with mixing of 
different divalent and trivalent cations on the X site and Y 
sites, respectively. The rich crystal chemistry exhibited by the 
garnet group has been used to provide information on the 
petrogenesis of the geologic formations containing this 
mineral. Questions of long- and short-range order/disorder of 
cations on the X and Y sites bear importance in 
thermodynamic investigations of garnets and have been the 
subject of much research over the years. 

We report here the results of an 57Fe Mössbauer and 27Al 
and 29Si Magic-Angle Spinning Nuclear Magnetic Resonance 
study of a suite of natural and synthetic Fe-bearing grossular-
rich (Ca3Al2Si3O12) and pyrope-rich (Mg3Al2Si3O12) garnets. 
Samples were characterized by electron probe microanalysis 
for their chemical compositions with relative amounts of Fe2+ 
and Fe3+ on the X and Y sites, respectively, measured by 57Fe 
Mössbauer spectroscopy. The Fe content varies among the 
samples with up to 10 mol % of an almandine component 
(Fe3Al2Si3O12) in both pyrope- and grossular-rich garnets 
providing clearly interpretable and informative NMR spectra. 
Grossular-rich garnets have the additional complication of 
variable Fe oxidation state with both Fe2+ and Fe3+ present in 
most samples. 

Fe2+ in these garnets produces distinct paramagnetically 
shifted NMR peaks. We assign these peaks to distinct local 
27Al-Fe2+ and 29Si-Fe2+ configurations in the garnet crystal 
structure. The greater frequency shifts for these resonances, as 
compared to ordinary diamagnetic NMR chemical shifts 
allows, in many instances, for greater resolution between 
specific atomic configurations. The areas of these peaks can 
then be compared to predictions based on random or ordered 
distributions of Fe2+ in the garnet structure. This technique has 
the potential to provide information on short-range 
order/disorder of Fe2+-bearing garnet and in other geologically 
important silicate systems. 
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Coal seams formed in different environments have various 

properties, such as different moisture, ash and volatile yields, 
and fixed carbon content. By examining such coal proximate 
analysis index as Mad, Ad, Vdaf and FCad, as well as  maceral 
quantitive data as TPI, GI and V/I, we can draw a conclusion 
that, in this area, different seams formed in different 
envorionments, and this difference can be explained  by a coal 
evalution law of coal quality and coal facies analysis. 
Therefore, the purpose of this paper is trying to elucidate the 
relationship between these coal properties and evolution law 
using the concept of sequence stratigraphy controlling the 
depositional process, then, the coal facies. Based on the 
principle of sequence stratigraphy and coal geochemical 
analysis, the stratigraphic division of Xishanyao Formation in 
Xiheishan area is studied through the comprehensive analysis 
of bore cores and well logging data. As a result, such three 
systems tracts as low-stand systems tract (LST), lake 
expanding systems tract (EST) and high-stand systems tract 
(HST) are recognized, and more para-stratigraphic sets are 
identified in each systems tract. Besides, braided river delta 
and lake depositional systems of Xishanyao Formation are 
deciphered into four subfacies and 8 microfacies under the 
constraint of sequence stratigraphic framework. Coal 
proximate analysis and quantitative statistics of macerals are 
introduced in order to identify the coal facies as moist forest 
swamp and dry forest swamp. As a result, The evolution law of 
coal facies is controlled by the variation of lake level which 
was constrained under the framework of sequence stratigraphy 
in this area, and the lake level determines the development of 
peat swamp, and then, forms different accumulating 
environments. 

 
Key words: maceral; coal facies; proximate analysis 
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The future of the nuclear industry depends on a 
fundamental understanding of environmental risks associated 
with nuclear accidents and waste storage, which relies on 
accurate models to predict migration of the radionuclides 
through engineered barriers, soil and groundwaters.  Accurate 
data from experiments are needed to effectively build these 
actinide transport models.  Accurate data with respect to 
neptunium is especially relevant due to its long half-life, and 
mobility in the environment.   

Carbonate ligand exchange rates on the [NpO2(CO3)3]4- ion 
were determined using a selective-excitation experiments that 
yield kinetic information about the rates of substitution 
directly.  The chemical-shift difference between the bound 
carbonate peak and the bulk carbonate peak, however, is small 
(~12 kHz) such that we could not selectively excite a peak 
using a conventional 180° long pulse.  Instead, we adapted an 
approach we previously employed to study [UO2(CO3)3]4- 

species, which also has close chemical shifts1.   
These experiments extend work previously done by Stout 

et al. 2 by increasing the pH range of experiments from 
8.1<pH<10.5.  Over the pH range 9.3≤pH≤ 10.5, the rate of 
exchange and activation energy demonstrate no pH 
dependence, and we find an average rate, activation energy, 
enthalpy, and entropy of k 298 = 40.6(± 4.3) s-1, Ea=45.1(±3.8) 
kJ mol-1;   !H ‡ =42.6(±3.8) kJ mol-1,   !S ‡ = -72(±13) J mol-1 K-

1 respectively.  Below pH=9, we see evidence for a proton 
enhanced pathway, as the pH decreases, the rates incease.   The 
lowest pH sample at pH=8.1 had a rate and enthalpy: k 298 = 
157(±6.2) s-1 and   !H ‡ =25.7(±9 kJ mol-1).  The lower 
activation enthalpy is anticipated to reflect a contribution from 
the enthalpy of protonation3. 

This work performed under the auspices of the U.S. 
Department of Energy by Lawrence Livermore National 
Laboratory under Contract DE-AC52-07NA27344LLNL-
ABS-649345 
 
[1] Johnson et al (2011) Chemphyschem  12, 2903-2906 [2] Stout 
et al (1992) C.Transuranium elements: a half century. An 
American Chemical Society Publication: Washington D.C. [3] 
Panasci et al (submitted) Inorg. Chem. 
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In reconstructing Earth history, continental records are 
essential for reconstucting climate as well as terrestrial 
biogeochemical feedbacks. Lignites are an archive of great but 
currently untapped potential, especially in deep time 
palaeoenvironmental research. Fossil residues in lignites 
reflect the temperature and precipitation regime, while 
geochemical signals can be used to interrogate past changes in 
carbon cycling.  Potentially powerful climatic insight could 
come from the application of branched glycerol dialklyl 
glycerol tetraether (GDGT) lipids to develop high resolution 
continental temperature records. Here, we have examined 
MBT’ and CBT ratios and reconstructed pH and temperature 
in a range of modern peat deposits and ancient lignites.  

In five Holocene peat cores, from temperate to sub-Arctic 
climates, GDGTs yield relatively stable temperatures. In cold 
regions (Finland, Tibetan Plateua), reconstructed MBT’/CBT 
temperatures are significantly higher than modern annual 
mean. This could reflect a summer growing season for the 
bacterial source of the GDGTs in these climates. The pH 
estimates derived from CBT ratios are also higher than 
expected (pH of ~6 even in relatively acidic ombrotrophic 
bogs); they also exhibit much greater variability and appear to 
drive significant variations in reconstructed temperatures even 
when MBT’ is relatively stable. 

Much higher temperatures are obtained in Eocene lignites 
from England (Cobham) and Germany (Schoeningen), 
suggesting that the proxy does record higher temperatures.  
Intriguingly, in both settings, a change in lithology is 
associated with a temperature change, confirming that 
depositional environment has a strong control on GDGT 
distributions and thus the application of this 
palaeothermometer. Some of this variation appears to be 
related to the fidelity of CBT as a pH proxy. In all cases, 
including both modern bogs and ancient peats, substitution of a 
lower pH – appropriate for an ombrotrophic bog – into the 
MBT’/CBT calibration equation yields temperatures that are 
generally more stable. 
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Introduction 

65 Ma Deccan Volcanic Province forms one of the largest 
volcanic eruptions on the surface of the earth. It has been 
experiencing intraplate earthquakes since historical times that 
includes a number of disastrous earthquakes in recent past like 
1967 Koyna (M=6.3), 1993 Killari (M=6.2) and 2001 Bhuj 
(M=7.6) etc. In spite of a large number of geoscientific 
investigations, seismo-tectonics of this region is least 
understood. This led to drilling of boreholes to understand the 
nature of basement rocks concealed below thick volcanic pile 
[1, 2]. One of the borehole (KLR-1) was drilled in the 
epicentral region of the Killari earthquake, which penetrated 
280m thick basement. 
Significant Results 

Our detailed study of the core samples from KLR-1 
borehole indicate the basement to be made up of moderately 
retrogressed halogen rich  upper amphibolite  to granulite 
facies transitional rocks, containing Hbl, Cpx, altered Opx, Pl, 
Bt, Kfs, Qtz and Ep as major constituents and Ap, Ilm, Tnt and 
opaques as accessories, which is  consistent with mid-crustal 
lithology. As much as 15 to 20 km thick upper crust, appears to 
have been eroded, before the onset of the Deccan volcanism. 
Further, the basement rocks are associated with a high mean 
density of 2.82 g/cm3 (range: 2.67 - 3.11 g/cm3) and average 
P- and S-wave velocities of 6.17 km/s (range: 5.82 - 6.61 km/s) 
and 3.61 km/s (range: 3.21 - 4.03 km/s) respectively.  
Poisson’s ratio varies widely from 0.17 to 0.31 with a mean of 
0.24.  These rocks also contain high amount of FeOt and CaO, 
sometimes reaching as high as 18.4 % and 9.4 % respectively, 
which can be attributed to mantle metasomatic enrichment. 
Some of the samples are extremely rich in biotites apart from 
FeOt, which together resulted into significant drop in measured 
velocities to the tune of as much as 15%.  There are indications 
that regional metasomatism may have a link with nucleation of 
large earthquakes. 
 
[1] Pandey et al (2009) J. Asian Earth Sci. 34, 781-795. [2] 
Tripathi et al (2012) Int. J. Earth Sci. 101, 1385-1395. 
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We present the first large-scale results of silicon isotopic 
compositions of Lake Baikal’s main inflows, the world's oldest 
and largest lake, alongside major elemental concentrations. 
Samples were collected along an upstream transect of the five 
dominant Lake Baikal inflows, as well as the Selenga Delta, 
which account for >90% of the annual riverine flow to the 
lake. Water temperature, conductivity and pH were measured 
in-situ while samples for dissolved silicon (DSi) 
concentrations and silicon isotopic signatures (δ30SiDSi) were 
filtered and acidified in the field. Isotopic analyses were 
conducted on a Neptune + Multi-Collector ICP-MS using wet 
plasma mode with Mg doping of  
samples and standard-sample-standard bracketing. Analytical 
reproducibility is 0.11‰ (2σ) and blanks are <1% of signal 
intensity. 

The DSi concentration of all river inflow samples varies 
between c. 2.5 and 6.3 ppm, which contrasts with 
concentrations of < 1ppm from the Angara River – the lake's 
only outflow. River course δ30SiDSi varies between c. + 0.94 
and +1.52‰ while lake water and outflows have a higher 
composition of c. +2.50‰. Rock endmembers from the 
Selenga River catchment were also analysed and δ30Sirock 
signatures vary between -0.40 and +0.54‰. DSi 
concentrations, across the Selenga Delta are within the range 
of those recorded from the Selenga River proper, although 
there is more variability in δ30SiDSi mpositions within the delta 
suggesting local alteration. Modern lake water compositions 
(c. +2.50‰) indicate, in a closed system model, that c. 60% of 
DSi entering the lake is exported by siliceous productivity into 
the sediment record (when applying a diatom fractionation 
factor of ε = -1.1‰1). These data indicate that sediment cores 
from the lake can be used to monitor past changes in the lake’s 
biogeochemical cycle and further highlight haow the 
continental silicon cycle can be significantly affected by 
biological activity, thereby impacting upon global silicon 
cycles. 
 
[1] De La Rocha, et al 1997. GCA, 61, 5051-5056 
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We present the first large-scale silicon isotope profiles of 
Lake Baikal’s water column with a comparison of data 
collected in winter and summer providing a comparison of 
δ30SiDSi signatures both pre- and post- diatom growing seasons. 
Samples were collected along a water profile (surface to 180m) 
at numerous sites across the lake, with deep-water 
endmembers at 400m and c. 1500m. Water temperature, 
conductivity, pH, dissolved oxygen and Chl a were measured 
in-situ while samples for dissolved silicon (DSi) 
concentrations and silicon isotopic signatures (δ30SiDSi) were 
filtered and acidified in the field. All isotopic analayses were 
conducted on a Neptune + Multi-Collector ICP-MS at NIGL, 
UK, using wet plasma mode with Mg doping of samples and 
standard-sample-standard bracketing. Analytical 
reproducibility is 0.12‰ (2σ) and blanks are <1% of signal 
intensity. 

DSi concentrations of March water surface samples (South 
Basin only) range between c. 0.74 and 1.23ppm while those 
collected in August are all <0.70 ppm, following seasonal 
diatom utilisation. In turn Chl a values from South Basin 
profiles in August are greater (between c. 3 to 11 µg/L) than 
March surface values (<1.5 µg/L). Indeed, March δ30SiDSi 
surface values range between c. +2.16 and +2.45‰ and while 
summer surface values range between c. +2.2 and +2.84‰ 
(preliminary data) reflecting residual pool depletion after 
summer diatom utilisation. δ30SiDSi lake values are >1‰ more 
enriched than dominant lake water inflows again reflecting Si 
alteration in Lake Baikal. Indeed, annual open sediment traps 
deployed down Lake Baikal’s water column yield δ30Sidiatom 
signatures of +1.25‰, which when δ30SiDSi signatures of lake 
surface waters are c. +2.5‰, suggests the isotopic fractionation 
factor of diatoms (-1.1‰[1]), compares well to ocean 
environments and other lake studies. 

 
[1] De La Rocha, et al (1997). GCA, 61, 5051-5056. 
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Volcaniclastic deposits at Minna Bluff provide an excellent 
opportunity to investigate conditions of alteration and the use 
of secondary minerals as monitors of past climates. Our results 
show that δ18O of carbonates and chalcedony is highly 
variable, ranging from -0.50 to 21.53‰ and 0.68 to 10.37‰, 
respectively, and δD for opaline quartz is extremely light (-
187.8 to -220.6‰) corresponding to Antarctic meteoric water. 
A mean 87Sr/86Sr of 0.70327 ±0.0009 (1σ, n=12) for carbonates 
by LA-ICPMS is comparable to fresh lava and confirms a fresh 
water source. Temperatures by 13C-18O and quartz-calcite 
thermometry are 5º to ~100°C.  Calculated δ18O water for 
carbonates (-15.8 to -22.9‰) shows a shift to heavier values 
(Δ 6‰) in the Late Miocene between 11 and 8 Ma, consistent 
with a warming climate. These findings agree with the 
interpretation of glaciomarine sequences in nearby drillcore 
(AND-1B). 

Using the same glaciovolcanic sequences [1] has 
reconstructed paleo-ice conditions at Minna Bluff and 
concludes that the ice was warmer (thawed-bed) relative to that 
at AND-1B (frozen-bed) over the same time period. This 
interpretation appears to disagree with our conclusion that the 
prevailing conditions were similar; that is, the shift from polar 
to sub-polar conditions at AND-1B was roughly 
contemporaneous (~9.5 Ma) and in agreement with the change 
in oxygen isotopes at Minna Bluff.  However, our results do 
not preclude a difference in basal ice conditions but suggest 
only that the climate in this region changed uniformly, as 
would be expected given the proximity and moderate paleo-
elevation difference (≤ 1000 m). We propose that warmer ice 
conditions were a consequence of high local heat flow 
associated with the Minna Bluff magmatic system. The 
influence of recent subglacial volcanic activity on ice flow in 
Marie Byrd Land has also been used to infer wet-based 
conditions in a polar environment [2].   
 
[1] Smellie et al (2014), Geology 42, 39-41. [2] Lough et al 
(2013), Nature Geoscience 6, 1031-1035. 
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In the last decade the Campi Flegrei caldera, sited in 

Neapolitan area (Italy), has showed clear signs of reactivation, 
including numerous episodes of ground uplift and 
correspondent seismic crises. A maximum ground uplift of 4 m 
occurred in 1984, followed by subsidence interrupted by three 
minor inflactions. In 2005 the ground started a new uplift 
phase which lasted up to 2013. These changes were parallelled 
by compositional variations of fumarolic effluents from La 
Solfatara crater (located in the centre of the caldera), an 
increase of the fumarolic activity as well as of soil CO2 fluxes. 
We focus on the thirty years-long dataset of CO2-He-Ar-N2 
fumarolic compositions from La Solfatara, which shows a 
continuous decrease of both N2/He and N2/CO2 ratios since 
1985, paralleled by an increase of He/CO2. These variations 
are not consistent with processes of gas condensation in the 
local hydrothermal system, given that N2/CO2 and He/CO2 
should covariate, and with changes in the mixing proportions 
between magmatic and hydrothermal fluids, because both of 
them show similar chemical ratios in the CO2-He-Ar-N2 
system. In order to interpret these peculiar features, we have 
applied the degassing model of Nuccio and Paonita (2001), 
after to have included the most recent updates for inert gas 
solubilities and the petrologic constraints for melt composition 
and reservoir pressure at Campi Flegrei. The model 
simulations for mafic melts (trachybasalt and shoshonite) show 
a surprising agreement with the measured data, whilst 
definitely excluding the involvement of acidic magmas in 
feeding the fumaroles. The long-time geochemical changes can 
be interpreted by both decompressive degassing of a ascending 
magma and mixing between magmatic fluids exsolved at 
various levels along the ascent path. The most intense episodes 
of inflation would occur when the gas supply to the sill-like 
reservoir comes from the 8 km-deep magma, although 
exsolved fluids by magma bodies at shallower depths 
contribute to the gas budget. Our work highlights that, in 
contexts where the presence of hydrothermal systems masks or 
deeply modifies the pristine magmatic signature of the reactive 
volatiles, the use of ratios among inert gas species can become 
the preferred method to achieve information on the magmatic 
systems. 
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Formation water consortia from the western Surat Basin 

(Queensland, Australia) were enriched on native 
subbituminous coals; biomethane production curves were then 
compared to earlier water enrichments from the same  area. All  
of the earlier well samples provided highly viable coal-to-
methane microbial communities [1], whereas for the later 
sampling, only three of the  five wells provided successful 
enrichments.  Variability in methane production between 
triplicate enrichment cultures and unusually long lag phases 
(~70 days) suggesed lower microbial numbers in the later 
formation water samples. Noticably fewer coal fines were 
collected in the later well samples, leading to the hypothesis 
that critical community members are primarily associated with 
these coal fines. The attachment of primary degraders to 
complex solid substrates has been observed in other 
methanogenic systems [2].  Viable coal-to-methane 
enrichments were  maintained  over eight generations when 
ample coal particles were transferred with the inoculum. A 16S 
rDNA analysis of an enrichment culture showed the 
community makeup to be similar to other methanogenic 
communities in coal [3]. Significant microbial colonization 
was observed (via confocal laser scanning microscopy) on the 
surface of an enrichment culture coal particle.  In addition, lag 
times were shorter and methane production rates faster when 
coal fines were transferred from an active enrichment culture 
(compared to a coal-free transfer from the same culture).  
These results indicate that key community members are 
associated with the coal surface and are required to realize the 
full biomethane potential of coal.   Implications for field well 
stimulation treatments and strategies will be discussed. 

 
[1] Papendick et al (2011) Int. J. Coal Geol. 88, 123-134 [2] 
Costerton (1992) Int. Biodeter. Biodeg. 30, 123-133 [3] 
Strapoc et al (2011) Annu. Rev. Earth Plant. Sci. 39, 617-656 
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Direct investigations of the earliest life and carbon cycle 

are extremely challenging as biosignatures are inevitably 
degraded during geological history. Additional difficulties 
include abiotic pathways, contamination during sample 
preparation, and fluid alterations during metamorphic history. 
This contribution reviews recent controversies over Archean 
and Hadean samples. The goal is to emphasize the critical role 
that new micro-analytical approaches have in complementing 
and challenging previous observations. 

Possible evidence of life has been reported in ca. 3.83 Ga 
Akilia Quartz-pyroxene rocks (Greenland) as 13C-depleted 
graphite inclusions within apatite grains [1]. Three-
dimensional Raman imaging and additional in situ carbon 
isotope analyses confirmed these early results [2]. However, 
foils of such targets micro-fabricated by Focused Ion Beam 
(FIB) reveal that this graphite rather occurs as coatings on 
apatite grains [3]. Carbon isotopes independently measured 
with other techniques also show 13C-depletions, but not as 
fractionated as those reported earlier [4]. Furthermore, in the 
ca. 3.75 Ga Nuvvuaguttuq banded iron formation (Canada), 
there is evidence for late fluid-deposition of graphitic carbon 
coating on apatite grains [5]. 

Another recent controversial example is the report of 13C-
depleted diamonds and graphitic carbons included in Hadean 
zircons from the Jack Hills, Australia [6]. FIB foils however 
show that these graphite-diamond mixtures are mixed with 
epoxy, leading to the conclusion that they are contaminants 
from polishing compounds during sample preparation [7]. 
Similar misleading observations of contaminants have also 
been noticed in olivine inclusions from a thin section of a 
peridotite. 

Altogether, these and other recent controversies 
demonstrate that careful sample preparation protocols, an 
unbiased consideration of the data, and the use of novel micro-
analytical techniques are necessary for the search for the 
earliest traces of life and carbon cycling. 
 
[1] Mojzsis et al (1996) Nature [2] McKeegan et al (2006) 
Geology [3] Papineau et al (2010a) GCA [4] Papineau et al 
(2010b) GCA [5] Papineau et al (2011) Nature Geoscience; [6] 
Menneken et al (2007) Nature [7] Dobrzhinetskaya et al 
(2014) EPSL. 
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Compared to relatively benign carbonate buffered marine 
environments, terrestrial Archean and Paleoproterozoic life 
was forced to cope with a broader range of pH values. In 
particular, acidic terrestrial ecosystems arose from the 
oxidation of reduced species in hydrothermal settings and 
crustal reservoirs of metal sulfides, creating acid sulfate 
conditions. While oxidation of reduced species is facilitated by 
reactions with molecular oxygen, acidic conditions also arose 
in Archean hydrothermal systems before the rise of oxygen, 
expanding the range of time over which acidophiles could have 
existed on the early Earth. Acidic terrestrial habitats would 
have included acidic hydrothermal springs, acid sulfate soils, 
and possibly lakes and streams lacking substantial buffering 
capacity with sources of acidity in their catchments. 

Although acidic hot springs are considered extreme 
environments on Earth, robust and diverse microbial 
communities thrive in these habitats. Such acidophiles are 
found across all three domains of life and include both 
phototrophic and chemotrophic members. In this study, we 
characterize the lipid biomarkers produced by microbial 
communities living in acidic springs in Yellowstone and 
Lassen Volcanic National Park, USA.  

We discovered and isolated an acid-tolerant purple non-
sulfur  (PNS) anoxygenic phototroph from Lassen that 
synthesizes 3-methylbacteriohopanepolyols (3-MeBHPs). 
These compounds were previously thought to be exclusively 
made by methanotrophic and acetic acid bacteria.  Culture 
experiments revealed that both total BHP and 3-MeBHP 
increased relative to total membrane fatty acid with increasing 
pH.  We also observed a concomitant increase in cyclopropane 
fatty acid (cy19), indicating a membrane response to pH stress.  
Initial compound-specific carbon isotopic studies indicate that 
the PNS 3-MeBHPs will be distinguishable from 
methanotrophic 3-MeBHPs in the rock record.               
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We present geochemical and Sr, Nd and Pb isotopic 

compositions of the Cenozoic volcanic rocks from the 
Ulleungdo and Dokdo Islands of the East Sea. They show 
distinct alkali affinities and wide range of compositional 
variation from basalts to trachytic basalt, basaltic 
trachyandesite, trachyandesite, and finally to trachyte on total 
alkali-silica diagram. They display characteristics of Ocean 
Island Basalts (OIB)-like trace element compositions without 
any noticeable Nb depletion, excluding significant influence of 
materials subducted along the nearby Japanese arc. The Sr, Nd 
and Pb isotopic compositions of the Ulleungdo and Dokdo 
Islands display highly enriched signatures (87Sr/86Sr = 
0.704430 to 0.707750, 143Nd/144Nd = 0.512462 to 0.512589, 
and 206Pb/204Pb = 17.860 to 18.210) similar to other Cenozoic 
basalts widely distributed over the east Asia. Such enriched 
mantle signatures invoke long-time isolation of their sources 
from the convecting mantle in an order of a few billion years. 
However, multiple almost simultaneous occurrences of the 
Cenozonic basaltic rocks over vast area of the eastern Eurasian 
continental margin seem to be hardly related with narrow 
mantle plume. Meanwhile, many workers suggested that tens 
of kilometers thick lithospheric mantle was delaminated over 
the region probably during the Permo-Triassic continental 
collision event. We suggest that such previously delaminated 
lithospheric mantle materials may still stagnant under the 
region and served as widely scattered sources of the enriched 
Cenozoic volcanic rocks of the region. 
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Oligotrophic and clear water Andean lakes are used as 
model systems for understanding the effect of climate change 
processes such as deglaciation or the effect of UV radiation on 
natural biological systems. The study of the dynamic response 
of microbial communities to such processes holds a special 
interest, as it can reveal how the different stages of 
deglaciation affect the global biogeochemical cycles until a 
new state of equilibrium is reached. The present work aims to 
identify biomarkers that can be used as micro-scale indicators 
of climate change processes and to develop methods based on 
immunological biosensors for a quick and reliable monitoring. 
We sampled and investigated the microbial and molecular 
biomarkers in shallow sediments from Laguna Negra and Lo 
Encañado lakes (Santiago, Chile). On site and laboratory 
analysis by sandwich microarray immunoassays (SMIs) with 
LDChip450 (a 450 antibody-containing microarray) allowed us 
to detect different microbial markers from sulfate reducing 
bacteria, methanogenic archaea and exopolymeric substances 
from Gammaproteobacteria. High-troughput sequencing of the 
bacterial and archaeal 16S rRNA gene confirmed and 
expanded these results. Although Laguna Negra is an 
oligotrophic lake, the results indicated a rich microbial 
diversity with active sulfate reduction and methanogenic 
activities in its shore and shallow sediments. This might be 
explained by the sedimentation of sulfate-rich deposits from 
the surrounding volcanic terrains during the first deglatiation 
phase. The combination of immunological and molecular 
results together with the measurement of environmental 
parameters allowed us to develop a preliminary scheme of the 
present ecosystem, and constitute a starting reference for 
monitoring deglatiation process through the alteration of the 
microbial communities in the sediments in these Andean lakes. 
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Basaltic glass is considered as a good analog of nuclear 
glass. In order to improve reliability and robustness of kinetic 
models applied to both kind of glasses, it is of primary 
importance to focus on rate-limiting mechanisms. 
Understanding the alteration mechanisms and rate of basaltic 
glasses is of primary importance for step toward their use as a 
natural analog of nuclear glasses [1]. In this case, the long-term 
behavior of nuclear waste glasses will be predicted by building 
mechanistic models of their alteration [2] which cannot be 
directly validated over the long term. In this study, we have 
determined the contribution of water transport through a 
basaltic glass altered in the residual rate regime, which is 
expected to be the main regime over the long-term and 
achieved in confined media and in the absence of massive 
precipitation of secondary minerals. First, the water transport 
in glass and its dependence on temperature (4°C < T < 60°C) 
and pH (0 < pH < 5) were quantified through the deter-
mination of the apparent diffusion coefficients of water DH2O in 
the pristine glass at the onset of alteration by glass surface 
characterization using grazing incidence X-ray reflectometry 
as in [3]. The results show that DH2O are comprised between  
10-22 and 10-20 m2.s-1 and evolves with the temperature 
according to an Arrhenius law (Ea = 43.2 kJ.mol-1) and with 
the pH according to a Boltzmann function (eq.1). 

                  (eq.1) 

These data were extrapolated to determine the apparent 
water penetration rates rH2O at the pH and temperatures of the 
basaltic glass alteration experiments performed to measure the 
residual rate rr. Thus, at pH = 9 and 30°C and 90°C, the rr are 
about 2 orders of magnitude lower than rH2O. Several 
hypotheses are proposed to explain this discrepency: i) reduced 
access to water through the hydrated glass and/or through the 
alteration layer [4], ii) specific chemistry of solution within the 
porosity of the alteration layer.  

 
[1] Crovisier et al (2003) J. Nucl. Mater. 321, 91-109. [2] 
Frugier et al (2008) J. Nucl. Mater. 380, 8-21. [3] Rebiscoul et 
al (2012) J. Non-Cryst. Solids 358 2951-2960. [4] Gin et al 
(2013) Chem. Geol. 349-350, 99-109. 
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Uranium ores have been mined in Canada since the 1930s, 
resulting in the production of approximately 214 million 
tonnes of mill tailings. These tailings may pose a risk to 
ecosystems and human health because of their long-lived 
radioactivity, and their potential to release radionuclides, 
metal(loid)s, radon gas, and milling reagents to the 
environment. The main objective of this study was to 
characterize the processes controlling the release, transport, 
and fate of U, radionuclides (226Ra, 210Pb), and rare earth 
elements (REEs) downstream from two decommissioned 
tailings impoundments at the Bicroft Uranium Mine near 
Bancroft, Ontario. Samples of tailings, sediments, surface 
waters, and colloids were collected from the Bicroft Mine 
between 2010 and 2012. Regional-scale sampling of sediments 
and waters was undertaken to determine natural background 
variation. The concentration of U in the Bicroft tailings 
samples varies from 3.1 to 210 mg/kg (median 19 mg/kg). 
Much higher concentrations were found in stream and pond 
sediments below the tailings impoundments (54 to 730 mg/kg; 
median 150 mg/kg). Uranium concentrations in regional lake 
sediments range from 0.4 to 140 mg/kg (median 4.2 mg/kg). 
Seasonal sampling of tailings effluent shows that these waters 
are circumneutral (pH 6.6–8.3) and that the downstream 
concentrations of U and 226Ra are generally highest in the fall. 
Comparison of filtered and unfiltered effluents, combined with 
synchrotron microanalyses of colloids, shows that the 
downstream mobility of REEs is limited by sorption to Fe- and 
Mn-oxyhydroxides. In contrast, U occurs mainly in the 
dissolved phase and its mobility does not appear to be limited 
by sorption to colloids or precipitation of secondary U phases. 
Geochemical modeling of the effluent demonstrates that the 
aqueous speciation of U is dominated by calcium-uranyl-
carbonato complexes, which may limit sorption of U to 
mineral surfaces and suppress the reduction of U(VI) to less 
soluble U(IV). The results of this study provide improved 
understanding of the long-term stability of U tailings, and have 
implications for the design of environmental monitoring plans. 
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Recent studies of historical gold districts in Nova Scotia 
have identified several areas where exposure to mine wastes 
may represent a potential risk to both ecosystem and human 
health [1]. Two sites, Montague and Goldenville, are of 
particular concern as the tailings are located close to residential 
areas and are occasionally used for racing off-road vehicles. 
Arsenopyrite (FeAsS) occurs naturally in these gold deposits, 
and was concentrated in the tailings during milling. We have 
examined the concentration, speciation and bioaccessibility of 
As in tailings, airborne particulates and soils to clarify the 
spatial extent of tailings, the mineral hosts for As, and the fate 
of windblown tailings dusts. Total As concentrations in 487 
tailings samples range from 10 mg/kg to 31 wt.% (mean = 
12,000 mg/kg). Micro-mineralogical analyses show that As is 
hosted in arsenopyrite and a variety of weathering-related 
phases, including three forms of ferric arsenate: scorodite 
(FeAsO4•2H2O), amorphous Fe arsenate, and kaňkite 
(FeAsO4•3.5H2O); two Ca-Fe arsenates (yukonite 
[Ca2Fe3(AsO4)3(OH)4·4H2O] and an amorphous form), one 
arsenite phase (tooeleite [Fe6(AsO3)4(SO4)(OH)4•4H2O], and 
As bound to Fe oxyhydroxides [2]. The bioaccessibility of As 
was measured using a physiologically-based extraction test 
(PBET) and ranged from 0.1 to 49% of total As. These values 
are controlled by the relative proportions of the As-bearing 
phases, although grain size and texture also play a role. The 
highest As bioaccessibility is associated with the presence of 
Ca-Fe arsenates. Samples containing As predominantly as 
arsenopyrite or scorodite have the lowest bioaccessibility 
(<1%). Only a weak correlation was observed between total 
and bioaccessible As concentrations [3]. Results from this 
study have been shared with the Nova Scotia Gold Mines 
Historic Advisory Committee and are being used to evaluate 
the human health risks associated with exposure to As-bearing 
tailings, and to help guide management actions. 

 
[1] Parsons et al (2012) GSC Open File 7150, 
doi:10.4095/291923. [2] Walker et al (2009) Can. Min. 47, 
533-556. [3] Meunier et al (2010) ES&T 44, 2667-2674. 
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The systematic environmental soil survey was carried out 

to establish a geochemical baseline across the heavily 
industrialized and the most highly populated region of Poland 
– the Upper Silesia Region.  

Distribution of selected elements in the topsoils (0.0−0.3 
m) and the subsoils (0.8−1.0 m) was correlated with the 
bedrock lithology and anthropogenic sources. 

The geochemical mapping programme based on sampling 
density of 16 every 1 km2 and the analyses: ICP-AES (for Ag, 
Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni, P, Pb, S, 
Sn, Sr, Ti, V and Zn), CV-AAS (for Hg), and coulometric 
method (for TOC).  

High values of Al, Ba, Ca, Co, Cr, Ni, P, Sr, Ti and V 
occur in soils developed from Carboniferous, Triassic and 
Jurassic rocks as well as from Quaternary tills and loesses, 
while their low values were observed for soils developed from 
Pleistocene glaciofluvial sandy deposits covering most of the 
surveyed area. Soils that developed on sandy deposits and 
carbonates contain the low amount of TOC (<3%). Soils 
developed on river muds contain commonly 3–6% TOC and 
peaty soils – up to 40%. The results revealed that the soils in 
eastern part the Upper Silesia Region are extremely 
contaminated with Cd, Pb, Zn, Hg, Ag and As in the vicinity of 
Zn-Pb ore mines and processing facilities as well as in areas 
where soils were developed on outcrops of Zn-Pb ore-bearing 
Middle Triassic dolomites. The detailed geochemical mapping 
project of the Upper Silesia Region is available at http:// 
www.mapgeochem.pgi.gov.pl 
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The 17O-anomaly (Δ17O) of natural waters has been shown 

to be sensitive to evaporation in a manner analogous deuterium 
excess [1, 2]. Specifically, evaporated bodies of water (e.g., 
soil waters, lake waters, animal body water) will tend to have 
lower Δ17O than primary meteoric waters.  Carbonates should 
record the triple oxygen isotope compositions of parent waters, 
providing a basis in the sedimentary record for identifying 
evaporated waters and perhaps for estimating primary 
(unevaporated) δ18O values of ancient meteoric water. 

The Δ17O of animal body water relates to factors such as 
intake of evaporated waters (e.g., leaf water), evaporative 
water effluxes, and the triple oxygen isotope composition of 
atmospheric O2, which itself relates to global carbon cycling, 
atmospheric CO2 levels, and stratospheric photochemistry [3, 
4]. 

Thus there is much potential for Δ17O in studies of 
continental paleoenvironments, but progress has been 
hampered by a lack of high-precision analytical methods for 
carbonate. We optimized a reduction / fluorination approach 
[5] and present the first high-precision (±0.01‰, 1σ) Δ17O 
dataset for sedimentary and biogenic carbonates.  The clearest 
pattern to emerge is a strong 17O-depletion in avian, 
dinosaurian, and mammalian body water (from analyses of 
eggshell and enamel) relative to meteoric waters, following 
expected influences of evaporated water and atmospheric O2 
on vertebrate body water.  Parent waters of soil carbonates 
have similar or slightly lower Δ17O than global precipitation, 
suggesting that they are mildly to moderately evaporated. 

Our results suggest that Δ17O will have useful application 
in continental environments where the effects of evaporation 
are important, and where animal body water may record an 
isotopic signal of evaporated water and atmospheric oxygen. 

 
[1] Landais et al (2006) GCA 70, 4105-4115. [2] Luz and 
Barkan (2010) GCA 74, 6276-6286. [3] Pack et al (2013) GCA 
102, 306-317. [4] Bao et al (2008) Nature 453, 504-506. [5] 
Brenninkmeijer and Röckmann (1998) Rapid. Commun. Mass 
Spectrom. 12, 479-483. 
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Western Panama represents the transition between 
subduction of the Cocos Plate and strike-slip movement of the 
Nazca Plate relative to the common adjacent Caribbean Plate. 
The boundary between the Cocos and Nazca plates is being 
subducted close to the Costa Rica-Panama border. We report 
He and CO2 data for geothermal fluids and cold seeps located 
along two parallel west-to-east trends to discern the spatial 
extent of subduction-related volcanism into western Panama.   

Helium isotope (3He/4He) values at Baru, La Yeguada, and 
El Valle volcanoes are high (5-8RA), consistent with results 
from other Central America volcanoes [1-2]. However, 
CO2/3He values are highly variable (from > 1012 to < 108). Baru 
has an arc-like δ13C of - 4‰, whereas the other volcanoes have 
δ13C < -10‰. Cold seeps collected in the coastal forearc show 
decreasing He-isotopes from west (~6RA) to east (~1RA). This 
trend is mirrored by δ13C (-5‰ to <-20‰) values. CO2/3He 
values of the seeps fall within a narrow range between 5 x 108 
and 1010. 

Using CO2/3He-δ13C mixing plots with conventional 
endmember values for Limestone, Organic Sediment and 
Mantle CO2, we show that several samples have been 
extensively modified by crustal processes. However, there are 
clear west-to-east trends (volcanoes and coastal seeps), 
whereby L dominates the CO2 inventory in the west and S CO2 
increases eastward. We conclude that arc-like volatiles 
characterise western Panama, but this signature dissipates 
within 400 km eastwards.   
 
[1] Shaw et al 2003, EPSL [2] De Leeuw et al 2007, EPSL. 
. 
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An intriguing aspect of arc behavior is arc-scale cyclic 
magmatism potentially with repeated patterns or tempos. Large 
geochronologic datasets are needed to study tempos, 
encouraging the use of U-Pb detrital zircon (d.z.) ages as a 
proxy for the temporal records of arc magmatism. We compare 
volcanic/plutonic U-Pb zircon ages to d.z. datasets for 
Mesozoic North American continental arcs from the Coast 
Ranges batholith, Sierran and Peninsular Ranges batholiths, 
and the Coastal batholith, Peru, representing an ~3000 km 
along-arc record. The d.z. records provide greater detail of the 
temporal variations, but no quantitative information about 
magma addition rates. Both datasets indicate that Mesozoic 
Cordilleran arc magmatism began around ~250-260 Ma, never 
entirely “turned off” and that tempos are scale-dependent: 
several magmatic peaks and lulls are roughly synchronous for 
3000 km, others synchronous over <1000 km scales, and local 
variability occurs at ~100 km scales. Durations (wavelengths) 
of cycles average ~60-70 m.y. during much of the Mesozoic 
but appear to shorten to ~20-30 m.y. in the Late Cretaceous 
and Tertiary. Thus causes of magmatic cyclicity are likely 
varied and both scale and age dependent. Comparison of 
oceanic and continental arcs will help establish whether lower 
or upper plate processes control these tempos. But only limited 
age datasets are presently available for oceanic arcs. These 
data hint that oceanic arcs have shorter lifespans (<60 m.y.), 
but may show low amplitude cyclicity over 20-30 m.y. 
durations.  We speculate that lower plate processes generate 
low amplitude magmatic cyclicity, which is enhanced by 
feedback processes in upper plates with thick continental 
sections.  
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Laser ablation U-Pb geochronology has become extremely 

popular in recent years, largely because of a favourable 
combination of relatively high sample throughput, 
affordability, and spatial resolution relative to alternative 
methods such as TIMS and SHRIMP. However, despite a 
concerted effort by the geochemical community to advance the 
technique, laser ablation U-Pb geochronology is still largely 
limited to zircon, because of its extremely low common-Pb 
content. 

A correction for common-Pb using the invariant 204Pb 
isotope is typically impractical during laser ablation due to a 
combination of low 204Pb counts and high 204Hg backgrounds. 
Alternative methods of correction are compromised by the 
interplay between laser-induced elemental fractionation (LIEF) 
and within-grain variability in common-Pb content. Thus, 
although efforts have been made to extend the technique to 
common-Pb rich phases, these typically try to minimise LIEF, 
as well as favouring reference materials with homogeneous 
common-Pb content [1]. We present a new method that 
expands on the approach of Paton et al. (2010) [2] by 
deconvolving the effects of LIEF and common-Pb in reference 
materials. This allows for the accurate correction of LIEF 
using matrix-matched reference materials with variable 
common-Pb contents. 

Unlike all previous methods that consider the composition 
of the reference material as a single bulk composition, our 
approach instead employs a compositional trend that defines 
varying fractions of common-Pb in the mineral (i.e., a straight 
line on a Tera-Wasserburg plot between the common-Pb 
composition and the age intercept of the reference material). 
Modelling and correction of LIEF is then done in 2-
dimensional space relative to this line, and not to a single 
reference value. In this way it is possible to accurately model 
and correct for LIEF without correcting for common-Pb in the 
reference material, and to thereby generate accurate ages using 
analyses with varying common-Pb content. 

 
[1] Chew et al (2013), Chem. Geol. 363, 185–199. [2] Paton et 
al (2010), G-cubed 11, Q0AA06. 
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Laser ablation-inductively coupled plasma-mass 

spectrometry (LA-ICP-MS) is a rapidly evolving field in both 
the geosciences and systems biology, as well as many other 
disciplines, due to its high sensitivity and high spatial 
resolution. Three-dimensional mapping is a natural progression 
from our current 2D capabilities and in this contribution, we 
discuss various strategies for creating three-dimensional 
volume reconstructions. In particular, we outline some 
advances in the automated collection and alignment of 2D 
“slices” into a 3D representation of the original sample. The 
accuracy of any alignment procedure is key to producing valid 
statistical comparisons between samples, and we present an 
approach using an advanced pyramidal pixel registration 
algorithm. We show the effect of using key elements (P and 
Au) during the automated registration process for a 3D atlas of 
metal distribution within the mouse brain.  

The procedures outlined are applicable to any discipline 
using LA-ICP-MS, and we show additional examples from the 
geosciences.  

This combined approach, leveraging expertise from 
biomedicine and geochemistry, demonstrates the benefits that 
arise from unusual collaborations. 
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The chromium isotope system has been proven to be a 

redox-sensitve proxy in ancient and modern environmental 
studies (e.g. [1], [2]). In this study we investigated Cr isotope 
fractionation during soil formation from Archean (3.1-3.3 Ga) 
ultramafic rocks, intruded into metamorphic rocks of the Iron 
Ore Group in the southern Singhbhum Craton (Orissa, 
India)[3]. A modern weathering profile was logged in an active 
open cast chromite mine (Sukinda valley). 

The Cr isotope data of samples from the weathering profile 
are fractionaed. While the least weathered horizons at the base 
of the profile reflect mantle inventory values (-0.124±0.101‰	  
[4]), the δ53Cr values from the more weathered upper part of 
the profile are as low as -1.28±0.08‰, indicative of the loss of 
an isotopically heavy (53Cr enriched) fraction to the runoff. 
Mass-balance calculations show that the highly weathered 
horizons are characterised by a Cr loss of up to 74 %. 

These data are consistent with the findings of Crowe et al. 
[2] who also studied the effects of weathering of ultramafic 
rocks in Indonesia on the Cr isotope system. These authors 
demonstrate that oxidation of Cr(III) to Cr(VI) in the soils is 
accompanied by isotopic shifts. Thereby the Cr(VI) lost to 
runoff is enriched in the heavier 53Cr, while the lighter 52Cr 
preferentially remains in the residual Cr(III) pool of the soils. 
We measured high (up to 1.2 ppm) concentrations of total 
dissolved Cr in the mine drainage waters. Isotopically the mine 
waters are slightly heavier than mantle inventory, indicating 
input of 53Cr enriched Cr(VI) during continious rock 
weathering. δ53Cr values in the main river (Damsal Nala) 
which discharges its dissolved loads into the Indian Ocean are 
positivley fractionated with values up to 0.7‰. 

 
[1] Ellis et al (2002) Science 295, 2060-2062. [2] Crowe et al 
(submitted for publication) EPSL. [3] Mondal et al (2006) 
Precambrian Res. 148, 45-66. [4] Schoenberg et al (2008) 
Chem. Geol. 249, 294-306. 
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The reactivity of elements in nature is among the most 
pressing concerns in environmental geochemistry. Simple 
reactions, such as ligand exchange, are often probed via 
activation volumes which yield information about changes in 
solvation in the transition states. Activation volumes derived 
from pressure-dependencies of reaction rates have been 
successfully measured by solution-state 13C, 31P, and 17O NMR 
on uranyl-containing complexes up to 3.5 kbar, which is the 
current practical limit of such measurement.1-2 A nonmagnetic 
piston-cylinder pressure cell has been developed for solution-
state NMR applications to measure pressure dependencies of a 
wide variety of NMR-active nuclei up to 20 kbar with as little 
as 10 µL of sample contained within an NMR micro-coil. 
Using a fibre-optic measurement technique, the pressure inside 
the piston cylinder has been calibrated via in situ ruby 
fluorescence.3 

Initial 11B NMR investigations on simple organic ligand - 
boron complexes up to 8 kbar reveals a pH dependent dynamic 
exchange processes as a function of pressure that are fitted to 
site-exchange models to extract chemical kinetic and 
equilibrium constants. A solution containing boric acid and 
catechol in equilibrium at pH 5 initially shows three distinct 
11B chemical environments, corresponding to free boric acid, 
borate-catechol mono and diols in equilibrium that broaden 
and coalesce at 8 kbar, suggesting fast equilibrium exchange 
between the species in solutions likely the result of the 
pressure dependences on the pKa of borate.  

This technique was extended to examine silica speciation 
by 29Si NMR and preliminary results suggest a change in 
coordination as a function of pressure. The success of these 
high-pressure solution NMR experiments suggests this probe 
design can be applied to a wide variety of NMR active nuclei 
in aqueous solutions. 
 
[1] Johnson et al (2013) Angew. Chem. Int. Ed., 52, 7464-7467 
[2] Harley et al (2011) Angew. Chem. Int. Ed. 50, 4467-4469 
[3] Koyama-Nakazawa et al (2007) Rev. Sci. Instrum. 78, 
066109 (3pp) 
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Analytical developments allowing for the rapid analysis of 
U-Pb age and Hf and O isotopes in single zircons have enabled 
collection of large datasets that have enabled insight into 
igneous rock generation on a global scale. The global 
compilation of Valley et al [1] demonstrates a restricted 
clustering of zircon O isotope values in the Archean that 
expands in range from the Paleoproterozoic onwards. This was 
suggested to indicate the increased role of supracrustal material 
(sedimentary rocks) in the generation of post-Archean 
magmatic rocks. We present a new compilation of 6203 zircon 
O isotope data from sedimentary and igneous rocks. This new 
dataset shows a similar pattern to the Valley et al dataset but 
with 3.8% of the data falling above the maximum envelope 
defined by Valley et al Data that fall above the maximum 
envelope largely do so at times associated with supercontinent 
amalgamation (e.g. ca. 2700-2500 Ma, ca. 2000-1800 Ma, ca. 
1000 Ma and ca. 600-500 Ma). This is perhaps consistent with 
increased incorporation of recycled sedimentary rocks into 
magmatism during higher rates of collision and crustal 
thickening during supercontinent amalgamation as opposed to 
an alternate setting such as an island arc. 

To assess whether there has been a significant change in 
the proportion of mantle and crustal melts into global 
magmatism over time we use a reduced O isotope dataset of 
4227 data. This is done so as to avoid biasing the interpretation 
towards studies which collect multiple datapoints from a single 
magmatic rock (i.e. 1911 analyses from 120 igneous rocks). 
Stochastic modelling of this dataset is used to demonstrate that 
there does not need to be significant changes in the proportion 
of mantle-derived melts into igneous rocks throughout Earth 
history. Variation in parameters such as the proportion of 
‘mantle-like’ zircons can largely be achieved simply through 
the changing composition of crustal reservoirs over time. 

 
[1] Valley et al (2005), Contributions to Mineralogy and 
Petrology, 150, 561-580. 
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The combined determination of stable (mass dependent 
isotopic fractionation) and radiogenic isotopic variation of 
seawater Sr has great potential for determining more accurate 
input and output rates of Sr to/from the ocean and deciphering 
changes in the rate and source of weathered material to the 
ocean caused by tectonic or climatic changes, to constrain 
sedimentation and dissolution (sinks) and to describe the 
relation and feedbacks of such changes to the global C cycle. 

We utilize marine (pelagic) barite as a recorder of seawater 
stable and radiogenic Sr-isotope ratios (88Sr86Sr and 87Sr/86Sr) 
to shed light on the oceanic Sr cycle and its relation to earth’s 
climate and tectonic history. Barite separated form Holocene 
sediments from cores collected at various location and water 
depths indicate that stable Sr isotopes in modern marine barite 
have a constant isotopic offset (fractionation) from seawater. 
Moreover, the effect of various environmental conditions 
(temperature, salinity, biological productivity, etc.) has little 
impact on the isotopic offset relative to seawater. The barite 
from core top sediments is 0.15 ± 0.014 permil depleted 
relative to seawater.  

A high resolution (<0.5Ma) stable Sr isotope record for the 
past 40 Ma will be presented.  Preliminary results indicate 
fluctuations of > 0.15 permil (significantly larger that the 
analytical error of 0.02 permil). Changes in the stable Sr record 
seem to correspond to major climate events and do not 
correlate with changes in the slope of the radiogenic Sr-isotope 
curve.  
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In oxic soils and sediments ferrous iron is usually oxidised 

and precipitated as nanoparticulate and poorly crystalline 
iron(III) (hydr)oxides.  In natural environments these 
secondary minerals are often found spatially associated with 
bacteria.  This spatial association is the result of both microbial 
metabolic activity (e.g., the microbially mediated oxidation of 
Fe(II)) and the precipitation of iron (hydr)oxides in the 
presence of non-Fe metabolizing bacteria.  These processes 
give rise to bacterially associated iron (hydr)oxides that are 
composite solids, consisting of iron (hydr)oxide intermixed 
with intact and partially degraded bacterial cells.  By analogy 
with isolated iron (hydr)oxides and bacteria, these composite 
phases are highly reactive towards dissolved metal ions, and 
their formation and cycling is thus tightly coupled to the 
biogeochemistry of a number of essential trace-metals.  
Importantly, the intermixing of iron (hydr)oxides with bacterial 
cells can considerably alter the surface properties of the 
composite particles, compared to the isolated end-member 
phases.  This means that in environments where bacterially 
associated iron (hydr)oxides make up a significant proportion 
of the reactive iron, trace-metal concentrations and isotopic 
compositions are often difficult to predict and explain. 

Here we present new results from an on-going study to 
determine the role of iron minerals in the biogeochemical 
cycling of essential trace-metals, in both modern and ancient 
environments.  We will focus on the moleular mechanisms of 
metal sorption to bacterially associated ferrihydrite, and how 
these can be used to predict and explain metal behaviours in 
simple composite - electrolyte solutions.  Specifically we will 
show that, compared to abiotic ferrihydrite, the presence of 
carboxyl groups on the bacterial fraction of the composites 
significantly modifies Cu and Ni  sorption behaviour and thus 
the mobility and cycling of these bioessential metals in both 
freshwater and marine environments. 
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Microbes simultaneously occupy Earth’s lowest and 

highest trophic levels. Along with unicellular algae, they 
provide much of our primary production; and along with fungi, 
most of our heterotrophic consumption.  The record of 
microbial life preserved in sedimentary lipid biomarkers 
potentially reflects the entirety of these complex processes, and 
with the staggering diversity of microbial species and 
biochemical pathways [1,2], it is a wonder that organic 
geochemists obtain any useful information at all – yet we do.  
In various combinations, microbial biomarkers can carry 
unique stable isotope signatures of metabolic processes, can 
reflect taxonomically or physiologically distinct biological 
sources, can be linked systematically to biosynthetic pathways 
using molecular genetics, and/or can retain information about 
depositional and diagenetic conditions.  Together these 
properties yield rich records for paleoecology and paleoclimate 
applications, over both short and long timescales.   

Due to their high capacity for preservation, lipids are a 
traditional target for studying the microbial signatures 
preserved in sediments. More recently, the desire to relate 
particular lipid structures to microbial species distributions has 
brought the field into the “omics” era, now using DNA 
sequencing in parallel with more traditional structural and 
isotopic characterizations. Known as “lipidomics”, this 
approach is a concept that unites investigations of the great 
diversity of lipids with a better understanding of the 
distribution of the genes that encode the enzymes of their 
biosynthetic pathways.  Here I review several recent examples 
of lipidomics in practice. These examples show the potential of 
such approaches – either alone or in tandem with compound-
specific isotopic analyses – to achieve a better understanding 
of the origins of biomarker signatures preserved in the 
geologic record.   

 
[1] Sogin, M.L., et al (2006) Proceedings of the National 
Academy of Sciences USA 103: 12115-12120. [2] Pearson, A. 
(2013) Lipidomics for geochemistry.  Treatise on 
Geochemistry (2nd Edition) 12: 291-336. 
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Theory and experiments have shown that wheras the water 
storage capacity of olivine-dominated shallow mantle is 
limited, the Earth’s Transition Zone (TZ) could be a major 
repository for water, due to the ability of the higher-pressure 
polymorphs of olivine - wadsleyite and ringwoodite - to host 
up to ~2.5wt. % H2O.  Despite experimental demonstration of 
the water-bearing capacity of these phases, geophysical probes 
such as electrical conductivity have provided conflicting 
results, and the issue of whether the TZ contains abundant 
water remains highly controversial. In this study we report X-
ray diffraction, Raman and infra-red spectroscopic evidence 
for the first terrestrial occurrence of any higher pressure 
polymorph of olivine: ringwoodite, included in a diamond 
from Juína, Brazil. The ringwoodite occurs with a Ca-
walstromite phase that we interpret to be retrogressed Ca-
silicate perovskite. The most likely interpretation of this two-
phase assemblage is that it represents a partially retrogressed 
portion of a somewhat Fe-rich peridotitic mantle, in which 
hydrous ringwoodite, and former CaSiO3- perovskite co-
existed above 15GPa. The ringwoodite has a Mg# of ~ 75, 
suggesting that it may be mantle hybrised with a more fertile 
component such as subducted oceanic crust. The water-rich 
nature of this inclusion (~1.5 wt%), along with the preservation 
of ringwoodite, is the first direct evidence that, at least locally, 
the TZ is hydrous, to about 1 wt%. As well as being in 
agreement with recent magnetotelluric estimates of the TZ 
water content, this amount of water helps to reconcile 
measured TZ seismic velocities with those predicted from lab 
experiments.  The finding also indicates that some kimberlites 
must have their primary sources in this deep mantle region. 



 Goldschmidt2014 Abstracts  

 

1922 

1922 

Laser ablation of zircon and 
implications for U-Pb geochronology 

* N.J. PEARSON1, W. J. POWELL1, J.L. PAYNE2,  
R.C. MURPHY1,  E. BELOUSOVA1, W.L. GRIFFIN1  

AND  SUZANNE Y. O’REILLY1 
1ARC CCFS Centre of Excellence and GEMOC, Macquarie 

University, Sydney, Australia 
2TRAX, University of Adelaide, Adelaide, Australia 

(*correspondence: norman.pearson@mq.edu.au) 
 

Non-stoichiometric sampling and down-hole fractionation 
contribute significantly to the uncertainty budget of LA-ICP-
MS measurements of trace elements and isotope ratios. An 
investigation of the ablation characteristics of zircon has 
explored the optimum set of hardware parameters and 
operating conditions to maximise spatial resolution, and 
minimize ablation rate and U-Pb fractionation.  This study has 
assessed the effects of laser wavelength, pulse-width, spot size 
and fluence, in conjunction with laser cell design (New Wave, 
HelEx) and gas composition and flow.   

Distinctive down-hole fractionation of U and Pb is 
observed in ablation of zircon using 213 nm (Nd:YAG) and 
193 nm (Excimer) wavelength lasers.  The change in 206Pb/238U 
from both systems is greatest in the first 150-200 laser pulses 
(20 to 30 seconds of ablation at 5 Hz) but for a range of 
operating parameters 206Pb/238U shows little further change 
with time during ablation with the 193 nm laser, whereas the 
ratios produced by the 213 nm laser steadily increase.  Laser 
fluence and spot size have significant effects on ablation rate 
and fractionation. Ablation rate increases with fluence but is 
slower for larger spot sizes.  For small spot sizes, or more 
specifically pits with aspect ratios (depth:diameter) >1, the rate 
of fractionation is near-linear with time. A crater wall forms 
from the initial laser pulse and grows in height above the 
surface of the sample by the addition of condensate and melt 
extruded from the pit. Over time the inner pit surface develops 
a fluted structure and the rim of the crater develops a crown-
like apperance. The development of these features is more 
pronounced with small spot size and low fluence.  There is also 
a significant decay in signal intensity with time, especially 
with small spot sizes, indicating that progressively less 
material is being removed from the hole and transported to the 
ICP. The net effect is a greater fractionation of 206Pb/238U with 
small spot size due to the retention of melt and condensed 
material in and around the laser pit. 

A better understanding of such fundamentals of the 
ablation process is enabling higher spatial resolution 
measurements and helping to improve the accuracy of analyses 
and  reduce uncertainties.  
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The Socotra archipelago (Yemen) sits in the Arabian Sea 
south of the Yemen/Oman border and east of northernmost 
Somalia. Prior to Miocene rifting, Socotra occupied a position 
adjacent to the Precambrian rocks of Oman, east of Marbat 
(Fournier et al 2007) - an area now devoid of basement 
exposure. Consequently Socotra potentially fills an important 
geological ‘gap’ for southern Oman. The age and geochemical 
signature(s) of Socotra’s igneous rocks are important for 
defining their tectonic setting and establishing geological 
correlations.  

Older calc-alkaline granitoids and granitic gneisses from 
Socotra are c. 860-800 Ma. The Hadibo granite, the youngest 
plutonism on the island, represents a gap in magmatic activity 
until c. 720 Ma.  Inferred extrusive equivalents of this granite 
include effusive and pyroclastic volcanic rocks, as well as 
hypabysal dikes and these were sampled for geochronological 
and geochemical analysis in order to constrain their tectonic 
setting and to assess tectonic reconstructions.   

The extrusive sequence is dominated by high-silica 
rhyolites with low REE and HFSE concentrations. A flow-
banded rhyolite within the sequence yields an age of c. 720 
Ma, within error of the Hadibo granite age and likely 
correlative. Abundant disequilibrium textures in thin-section 
suggest mixing of discrete magma batches.  Younger cross-
cutting dikes are bimodal though their age is unconstrained.  

An excellent agreement between our results and those from 
the Marbat region (Rantakokko et al., 2014) indicate a strong 
correlation between the two areas. Furthermore, the basement 
of the Marbat region and Socotra have more in common with 
the older juvenile western arc terranes of the Arabian shield in 
Saudi Arabia than with the younger and more evolved eastern 
arc terranes of Saudi Arabia, or with the continental terranes 
exposed at the eastern margin of the ANS (Khida, Saudi 
Arabia and Yemen terranes). This suggests that this arc 
magmatism i) occurred along the opposing margin of the 
Mozambique Ocean, i.e.- along the East Gondwana margin, 
and ii) lasted for c. 50 Ma before transitioning into a post-
tectonic/extensional regime, albeit poorly constrained to < 720 
Ma.  
 
 



 Goldschmidt2014 Abstracts  

 

1924 

1924 

Peridotite source for enriched 
Snaefellsnes off-axis lavas, Iceland 

DAVID W. PEATE1 
1Dept. of Earth & Environmental Science, University of Iowa, 

Iowa City IA 52242, USA. david-peate@uiowa.edu 
 

Compositional heterogeneity in the Icelandic mantle can be 
broadly described as a mixture of a 'depleted' component (high 
143Nd/144Nd; low 206Pb/204Pb), sampled by high-degree melts at 
the rift zones, and more fusible 'enriched' components (low 
143Nd/144Nd; high 206Pb/204Pb), best seen in low-degree melts in 
the off-axis zones. Element and isotope features of the 
dominant 'enriched' component are generally attributed to 
recycled oceanic crust, but the lithology is less well-
constrained. Two recent studies of rift zone lavas led to 
divergent opinions: a positive correlation between 187Os/188Os 
and Ni-enrichment in olivines suggested a pyroxenite 
component (Sobolev et al., 2008), while modelling of major 
element compositions could be explained just through melting 
of variably fertile peridotite (Shorttle & Maclennan 2011). 
This study focuses on post-glacial lavas from the Snaefellsness 
off-axis zone that represent one 'enriched' extreme of Icelandic 
compositions, dominated by a mantle component with 
206Pb/204Pb > 19 and 143Nd/144Nd < 0.5129. The relative 
abundances of transitional metals in mafic lavas can preserve a 
signal of lithological heterogeneities in mantle sources, and 
element ratios can be chosen (e.g. Fe/Mn, Zn/Fe, Co/Fe) that 
show limited fractionation during peridotite melting but are 
sensitive to melting of non-peridotite lithologies. Whole rock 
transition metal analyses of samples from the Snaefellsnes off-
axis zone and the main rift zones have been acquired using a 
collision-cell ICP-MS method. These data show that Co/Fe has 
limited sensitivity in determining source lithology as it is 
strongly influenced by olivine addition/loss. Snaefellsness off-
axis lavas have similar Fe/Mn, Zn/Fe, Co/Fe, and 187Os/188Os to 
the main rift lavas (despite lower 143Nd/144Nd and higher 
Nb/Zr), with values consistent with melting of a peridotite 
mantle source. PRIMELT2 modelling (Herzberg & Asimow, 
2008) shows that the major element compositions of all 
Icelandic lavas (main rift, off-axis) can be explained using a 
peridotite mantle source. One location in the main rift zone 
(Skridufell) is an exception: its high Fe/Mn, Zn/Fe, & 
187Os/188Os, suggests a pyroxenite mantle source. These data 
are revealing how the isotopic diversity of the Icelandic mantle 
is linked to its lithological diversity. 
 
[1] Herzberg & Asimow (2008). G-cubed Q09001. [2] Shorttle 
& Maclennan (2011). G-cubed Q11008. [3] Sobolev et al 
(2008). Science 321, 536. 
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After long-term underground coal mining activities, there 
has been formed coal mining subsidence area in a large scale. 
The environment problems of the subsidence area are closely 
bound up with the local people’s livelihood, so it is of great 
practical significance to the coal mining subsidence area by 
monitoring soil heavy metal distribution and water 
eutrophication. This paper takes Huainan mining area of China 
as the study area to monitor Chlorophyll-a, Secchi disk 
transparency and other water quality index trends based on 
field spectral data and satellite data. Various statistical 
regression models were tested to correlate water quality index 
with remotely sensed spectral reflectance. The soil heavy metal 
distribution map shows the spatial distribution characteristics 
and the sources of the heavy metal. These research works 
could provide important technical support to realize the target 
of coal mining subsidence area environment remote sensing 
monitoring and early warning in the future. 
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Based on sedimentary research, from north-west to south-

east, sedinmentary facies of Wuling Series, South China are 
carbonate platform, carbonate platform edge, shallow sea, 
continental slope, basin in sequence and water becomes deeper. 
The depositional environment of it is analyzed through trace 
elements characteristics of rocks, mainly the lateral variation 
of Sr, Ba content and REE patterns. 

 

 
 
Figure 1: The lateral variation of Sr，Ba content in Wuling 
Series, South China 

 
Sr content has a tendency to display bimodal distribution in 

different facies. The average Sr content is 87.05μg/g in A 
Region (Sampling point 1,2), 20.1µg/g in B Region (3,4,5), 
and 55µg/g in C Region (6,7,8) (Fig.1). As its content changes 
obviously, Sr is sensitive to deposition environment and can be 
a good indicator of it. In B Region, Sr content is low, which 
can be deeper part of shallow sea to slope. Transited to A or C 
Region, Sr content increases, which can be carbonate platform 
or basin. In short, from north-west to south-east, water depth 
increases. That Sr content appers by bimodal distribution and 
Ba content is high in deeper part of shallow sea to slope and 
low in carbonate platform or basin may be related to rock types, 
clay minerals contents and diagenetic environment. 

Besides, based on the degree of differentiation of REE, 
from A Region to B Region then to C Region, the Lan/Ybn 
mean ratios are 1.26, 1.76, 1.68 in order. It nearly increases 
gradually, which signifies decreased deposition rate, reflecting 
a longer distance to the provenance, and source area lying to 
the north-west. The Lan/Ybn mean ratio in B Region is slightly 
higher than that of C Region, which may be caused by several 
slate samples, the slopes of whose are big. Meanwhile, Ce 
enrichment (Ceanom>-0.1) in the marine environment shows 
non-oxidizable environment, where water has certain depth. As 
there are samples whose Ceanom<-0.1 in A Region, water in it 
may be the shallowest. 
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Sulfur isotope fractionation during microbial sulfate 
reduction is controlled by the respiratory metabolism of sulfate 
reducing microorganisms. This metabolism responds to 
variability in the local environment, with the response 
determined by the underlying genotype. In the course of 
experiments that examined the response of S isotope 
fractionation to evolutionary adaptation of Desulfovibrio 
vulgaris Hildenborough (DvH), we developed a high-precision 
assay of the fractionation factor associated with sulfate 
respiration.  Although the uncertainty of this assay approached 
that associated with the isotopic measurements themselves, the 
biological variability (as determined by repeat measurements 
on separate cultures) was always much greater, sometimes by 
an order of magnitude. Despite the extremely simple growth 
environment (same media, same organism – DvH) provided in 
our evolutionary experiments, this standing source of 
variability in isotopic fractionation, prior to any evolutionary 
effects, was perplexing.  

In order to investigate the cause of this variable 
fractionation, we designed a fractionation experiment in which 
the only parameter that was varied was the life history of the 
DvH population that was used to inoculate the experimental 
cultures. We found that the past physiological state of the 
inoculum exerted a significant influence on the S isotope 
fractionation. For example, the sulfide produced by an 
inoculum taken from exponential growth was depleted in 
34S/32S by 3.1 ‰ relative to the coeval sulfate, while a 
stationary phase inoculum produced sulfide that was depleted 
by 9.2 ‰. These differences in fractionation did not correlate 
with changes in respiration rate, within the limits of our 
experimental uncertainty on rate measurements.  

Our results suggest that the S isotope phenotype of sulfate-
respiring microbes may respond to environmental change on 
timescales that are greater than generational.  From new 
models of respiratory S isotope fractionation, the lack of 
variation with respiration rate points towards controlling roles 
played by enzyme levels and the ratio of reduced to oxidized 
electron carriers.  Whatever the root cause, an isotopic memory 
of past physiological states may enable new insights into life at 
the limits, especially if its historical footprint extends deeper 
than generational. 
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Increasing atmospheric CO2 may stimulate C uptake in 
plants and C movement into soils, but the long-term stability of 
soil C is uncertain. In a climate manipulation experiment in 
native Australian grassland, elevated CO2 increased C storage 
under C3 vegetation but decreased it under C4 vegetation. C 
quality of vegetation, particulate and mineral soil organic pools 
was determined by 13C-NMR. Vegetation C composition was 
unaffected by climate change treatment but differed 
significantly between C3 and C4 species. Organic matter pools 
exhibited a decay continuum, from fresh aboveground biomass 
to dead litter to roots to particulate organic matter to mineral 
associated organic matter. The continuum was correlated 
postively with alkyl-C and negatively with O-alkyl-C. This 
work suggests that changes in plant species composition are 
more likely to alter soil C composition and stability than 
changes in C quality induced by climate change.  
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Immiscibility is a potential mechanism in the forming of 

high-Fe-Ti-P rocks; however, whether large-scale segregation 
and eruption of high-Si lavas can occur in nature has yet to be 
proven. In this study, the possibility of liquid immiscibility and 
fractional crystallization in the 1780 Ma cogenetic [1] high-Fe-
Ti-P-featured Taihang dykes and bimodal Xiong’er volcanics 
in North China is investigated.  

Mineral and bulk-rock compositions reveal that the large 
variations in the regular dykes were resulted from a Pl+Cpx-
dominated fractional crystallization and density-driving 
mineral sorting, which have driven the liquids to be poor in 
Ca-Al but rich in Fe-Ti-P-K and thus chemically immiscible 
according to [2]. The spatially conjugated interstitial 
granophyric and ilmenite-rich intergrowths, as well as reactive 
microstructures especially olivine coronites give petrographic 
evidence for immiscibility and segregation/migration, similar 
to those described in [3].  

The fractional crystallization and subsequent segregation 
would be responsible for the compositional diversity of the 
Taihang dykes and the Xiong’er volcanics: the dacite-rhyolite 
lavas would be potentially the high-Si counterparts of the high-
Ti dykes; whereas the basalt-andesite lavas would be erupted 
equivalents of the regular dykes. It seems that the segregation 
has occurred in crustal magma chambers before the ascent of 
liquid into the pumping system (feeder dykes), and has 
ultimately generated huge amounts of high-Si lavas, as well as 
vast high-Fe-Ti-P dykes in an areal extent of over 100, 000 
km2.  

 
[1] Peng et al (2008) Lithos 101, 260-280. [2] Charlier et al 
(2013) Geochimica et Cosmochimica Acta 113, 79–93. [3] 
Holness et al (2011) Journal of Petrology 52, 175–222. 
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A wealth of diverse geologic evidence suggests that ~56 

million years ago, the geologically rapid release of thousands 
of PgC into the ocean/atmosphere caused a transient, extreme 
episode of global warming often referred to as the Paleocene-
Eocene Thermal Maximum (PETM). Recently, novel 
geochemical and lithologic observations have been discovered 
that shed new light on the response of seawater carbonate 
chemistry to massive carbon addition on both short and long 
timescales. Measurements of Boron isotopes and B/Ca of 
planktonic foraminifera from Pacific and Atlantic deep sea 
cores reveal abrupt anomalies consistent with a pH reduction 
of about ~0.3 pH units. This represents the short-term 
(hundreds to tens of thousands of years) ocean acidification 
response as CO2 dissolves into seawater, and the magnitude of 
this response places constraints on the amount and rate of 
initial carbon addition. Additionally, recent IODP drilling at 
abyssal Site U1403 (Expedition 342) recovered a carbonate-
rich unit dating from the PETM recovery interval at a depth 
where previously only clay had been deposited. This onset of 
carbonate sedimentation represents a long-hypothesized 
overshoot of the carbonate compensation depth (CCD): a long-
term (hundreds of thousands of years) period of carbonate 
oversaturation (relative to pre-event levels) resulting from the 
geologically slow negative feedbacks of silicate weathering 
and possibly organic carbon burial or other carbon removal 
processes, not unlike the cap carbonates deposited in the 
aftermath of snowball earth. The relative timing and scale of 
changes represented by these records provide an important 
means of testing proposed mechanisms for the PETM and 
constraining model simulations. Here, we use a global carbon 
cycle model (LOSCAR) to explore the compatibility of 
different initial configurations, carbon release scenarios (rate 
and duration), and recovery mechanisms with these new 
observations as well as previously documented constraints 
such as the global CCD shoal and carbon isotope excursion. 
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In many subduction mélanges, a weak matrix with clays, 

micas or serpentine is thought to foster chaotic mixing and 
dismemberment of lithologically and metamorphically 
disparate rocks along the slab-mantle interface over scales of 
10s of km. Progressive metamorphism of matrix can form 
rheologically stiffer amphibole and pyroxene, decreasing the 
scale of flow within mélange. This process could potentially 
result in a less diverse range of metamorphic conditions 
experienced by rocks within an individual tectonic unit. The 
Catalina Schist, CA, provides a rare opportunity to study this 
process because blocks and matrix within each tectonic slice 
appear to have experienced similar metamorphic conditions. 
High-precision Zr-in-rutile thermometry was applied to 
samples of metasedimentary and metamafic rocks from the 
amphibolite facies and epidote-amphibolite facies of the 
Catalina Schist to see whether all samples within a given facies 
record the same peak metamorphic temperatures (T), as 
expected for progressive matrix stiffening. 

In amphibolite-facies samples maximum Zr contents of 
rutile cluster in each sample and range between 320 and 
545±38 ppm (2σ). Calculated maximum T (at P = 1 GPa) 
range from 655 to 700±8ºC (2σ). Epidote-amphibolite facies 
samples contain maximum Zr contents ranging from 85 to 
150±36 ppm. Calculated maximum T ranges from 559 to 
596+19/-25ºC. These narrow T ranges contrast, for example, 
with the Franciscan, where block and mélange matrix 
temperatures range from 250ºC to 700ºC. These data support 
the hypothesis that progressive metamorphism reduces scales 

of flow within mélange. 
Despite the narrow ranges, 
estimated T in the 
amphibolite facies are 
statistically different from 
each other, suggesting 
some degree of mixing 
even at the peak of 
metamorphism.  
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The hydrothermal alteration of olivine is a widespread 

reaction that occurs wherever warm aqueous fluids react with 
ultramafic mantle rocks or olivine-rich magmatic rocks. 
Olivine is transformed into serpentine, plus variable amounts 
of magnetite and magnesium hydroxides. On Earth, the 
serpentinization reaction operates from deep subduction zones 
to shallow lithospheric environments where it alters 
significantly the physical and chemical properties of rocks. 
The deep biosphere may also benefit from this reaction. 
Serpentinization may also have key emerging societal 
implications, such as the production of hydrogen as a source of 
carbon-free energy. Although Al-bearing minerals and CO2-
rich fluids are ubiquitous in the relevant settings, the role of 
these elements on the kinetics of serpentinization has not yet 
been investigated. CO2 or carbonate ions have sometimes been 
added at very high concentrations to simulate industrial CO2 
injections leading exclusively to carbonate mineral formation.  

We measured the kinetics of olivine serpentinization in 
presence of dissolved Al, HCO3

-, or Al + HCO3
- in a low-

pressure diamond-anvil cell at 200 °C, 350 °C, and 2 kbar. 
Follow-up of the reactions was realized using time-resolved X-
ray diffraction at the beamline ID27 of the ESRF (Grenoble, 
France). Scanning electron microscope (SEM) was used to 
characterize solid reaction products. All reactions occured in 
less than two days, i.e. at least one order of magnitude faster 
that in previous studies. Serpentine and magnetite were formed 
in all experiments indicating that the Fe2+ of olivine has been 
oxidized by water resulting in H2 production. Raman 
spectroscopy on solid products also showed the presence of 
magnesite in samples reacted in presence of HCO3

-. Hence, we 
conclude that the presence of Al favours the serpentinization 
reaction and the production of H2 that leads to favorable 
conditions for carbon reduction. 
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The ability of microorganisms to catalyze the oxidation of 
pyrite (FeS2) at circumneutral pH is poorly understood, despite 
the fact that this an energetically favorable process analogous 
to various well-known chemolithotrophic pathways (e.g. 
ferrous iron, sulfide, and elemental sulfur oxidation).  Neutral 
pH abiotic oxidation of pyrite by oxygen has been extensively 
studied; however, there is virtually nothing known about the 
capacity for microorganisms to compete with abiotic reactions 
or enhance rates of pyrite oxidation at circumneutral pH. This 
study examined the potential for microorganisms in Pliocene-
age subsurface sediments to oxidize synthetic framboidal 
pyrite with oxygen  as the electron acceptor. Several 
enrichment cultures capable of chemolithoautotrophic 
oxidation of synthetic framboidal pyrite linked to sulfate 
generation were recovered. The extent of sulfate generation 
was ca. 10-fold higher than in parallel sterile controls. Activity 
of the cultures was sustained through more than 15 successive 
transfers over 400 days. TEM analysis showed thin coatings of 
amorphous Fe(III) oxyhydroxides on oxidized framboids, and 
linear combination fit analyses of Fe K-edge EXAFS showed 
increased concentrations ferrihydrite and decreased FeS2 
concentrations in the oxidized pyrite. S K-edge XANES 
confirmed the absence of S in anything other than the -2 
oxidation state, consistent with complete oxidation of FeS2 to 
sulfate. DNA-based fluorescence microscopy, cryo-SEM, and 
Fluoresce In-Situ Hybridization (FISH) showed that microbial 
cells were intimately associated with the pyrite grains. The 
composition of the enrichment cultures was assessed using 16S 
rRNA gene clone libraries. Consistent with FISH results, the 
clone libraries were dominated by Alphaproteobacteria 
(Bradyrhizobiaceae, Mesorhizobium) as well as organisms 
related to the Betaproteobacterial genus Ralstonia. Shotgun 
metagenomic sequencing revealed the presence of complete 
sulfur oxidation and CO2 fixation systems in reconstructed  
genomes for the dominant organisms in the cultures. Our 
results have implications for initiation of acid mine drainage in 
modern environments and weathering-derived sulfate flux over 
geological time. 
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The need for better prediction of contaminant transport 
motivates multi-faceted lines of inquiry to build a strong 
bridge between molecular- and field-scale information. At 
Hanford (WA), millions of liters of U-containing acidic wastes 
have been discharged to the soil. To predict reactive 
contaminant migration in the soil, we aim to determine the 
process coupling between mineral transformation and U(VI) 
speciation in acid-uranium waste weathered sediments.  

Un-weathered Hanford sediments were batch reacted for 
365 days with acidic (pH 2), uranium bearing waste solutions 
in the presence and absence of phosphate. At dedicated 
reaction times (7 to 365 days) solid and solution chemistry 
were analyzed to determine weathering trajectories and U 
speciation. To inform on reaction kinetics, flow-through 
reaction columns were ran using the same solution-set. 

Weathering of the sediments occurred rapidly in both batch 
and column systems with the release of elevated concentrations 
of Si and Al accompanied with a buffering of the pH. As 
observed by XRD and U-EXAFS, PO4 exerted a strong control 
over U speciation with the rapid precipitation of meta-
ankoleite [K(UO2PO4)•3H2O] and near-complete 
immobilization of U in batch systems. In the absence of PO4, 
carbonate dissolution buffered the pH to 3-4, promoting 
silicate weathering and the precipitation of boltwoodite 
[K(UO2)(HSiO4)•3H2O]. Flow-through column systems 
revealed a pH-controlled bimodal U sequestration: after initial, 
near-complete immobilization at near neutral pH, subsequent 
immobilization was limited.  

By comparing batch and columns U species, it appears that 
the coupling between mineral weathering and contaminant 
sequestration is kinetically limited in the field. These results 
suggests that reactive transport is necessary to the accurate 
prediction of the coupling between silicate weathering and 
changes in uranium speciation in this system. 
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Soil gas radon concentration can be a useful tracer for 
geophysical time-varying processes. However, its effective use 
requires a solid understanding of the different geologic, 
meteorological and geodynamic factors affecting radon 
generation and mobility in natural environments. 

Radon emanation is influenced by the moisture content of 
the porous medium. The fraction of water saturation of the 
pores affects radon's sorption on the soil particles influencing 
both the emanation coefficient and the diffusion parameter. 
Pressure-driven flow of pore gas results in radon advection 
depending on the magnitude of the pressure gradients and on 
the permeability of the material. Meteorological conditions are 
thought to play a fundamental role on radon migration since 
rainfall, winds, atmospheric pressure and temperature gradients 
induce pressure differences and influence the water saturation 
of the porous medium.  

In order to quantify the influence of meteorological 
parameters on the temporal variability of radon gas 
concentration a continuous radon monitoring station was 
installed at a depth of 8 meters in 10 m borehole carried out 
inside the historical building occupied by the Department of 
Earth Sciences of the University of Coimbra, made for 
geotechnical prospecting works. The borehole crossed a local 
bedrock made of Jurassic limestones, and was capped at the 
surface to avoid contact with atmospheric air. 

Radon monitoring was carried out during 1 year with data 
acquisition every 15-minutes with a NaI(Tl) gamma scintillator 
(Scionix, Holland) measuring in the 475-3000 keV range. 
Humidity and temperature were simultaneously measured with 
sensors located at the same depth of the gamma scintillator. 

Data analysis shows that the resulting time series of radon 
concentration exhibits a complex, multi-scale temporal 
structure, including daily and intra-seasonal signals as well as 
sharp increases followed by a slower return to average levels. 
However, the analysis of the temperature and humidity data 
does not suggests a direct influence of these parameters on the 
observed variability of soil gas radon concentration. 
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Dolomite (CaMg(CO3)2) is the second most abundant 
carbonate on Earth; the understanding of chemical transfer to 
and from its surface is therefore critical to the understanding of 
global chemical cycles and ocean chemical evolution.  

Dolomite dissolution experiments were performed in 
closed-system batch reactors at temperatures of 75 and 125°C 
and at 5 and 9 bar CO2 pressure (c.f. [1]). Fluid samples were 
taken during the dissolution process as well as after the fluid 
composition attained a stationary state consistent with 
chemical equilibrium of dolomite. pH was measured 
immediately after sampling; fluid Ca and Mg concentrations 
were determined by atomic adsorption spectroscopy; alkalinity 
was determined by titration; calcium and magnesium isotope 
ratios were measured using Ar-ICP source mass spectrometer. 
During dissolution the fluid Ca became enriched in the heavier 
isotopes, and the isotopic evolution of the fluid continues after 
the bulk Ca and Mg concentration attained chemical 
equilibrium with dolomite.  A final isotopic steady state in the 
fluid phase is obtained that has a δ44/42Cafluid that is 0.45‰ 
higher than the dissolving dolomite. Similarly to the 
observations made in previous carbonates precipitation studies 
[2, 3] calcium isotope compositions of these dolomite 
dissolution experiments show little dependence on 
temperature. Ca isotope fractionation continued after chemical 
equilibrium was attained. 

The behavior of Mg isotopes in these experiments 
apparently contrasts with that of Ca. Preliminary results 
suggest that although Mg isotopes seem to fractionate both 
during dissolution and at equilibrium, the fluid phase becomes 
isotopically lighter in Mg with time. 
 
[1] Pearce et al (2012) Geochim. Cosmochim. Acta 92, 170-
183. [2] Marriott et al (2004) Earth Planet Sci. Lett. 222, 615-
624. [3] Sime et al (2005) Earth Planet Sci. Lett. 232, 51-66. 
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Carbonate clumped isotope thermometry is being widely 

applied for paleotemperature reconstructions throughout the 
Phanerozoic. Accurate temperature estimates rely on fossil 
preservation; thus imaging and chemical techniques are 
routinely used for sample screening. While conventional 
textural, chemical, and isotopic techniques are effective at 
detecting open-system recrystallization, they are not always 
effective at detecting the closed-system recrystallization or 
isotopic reordering that can influence clumped isotope 
compositions.  For example, Paleozoic brachiopod shells that 
appear to exhibit good preservation can have unreasonably 
high clumped isotope temperatures (D47 > 100°C), reflecting 
burial rather than environmental temperatures. To better 
identify diagenesis of clumped isotope samples, novel 
techniques must be employed.  

EBSD is an in situ microscopy technique providing high-
resolution crystallographic information at nano- to micro-
scales which can identify modifications to the calcite lattice. 
Our studies show that Carboniferous brachiopod shells from 
the USA (NV, IL) and Russia (Urals) appear preserved yet 
have unusually high temperature values. EBSD reveals poorly 
ordered lattices (“ghost diffraction”) and/or loss of original 
crystal orientation consistent with recrystallization.  In 
contrast, specimens exhibiting preservation of original 
crystallographic orientation typically preserve lower 
temperature values. Thus, EBSD data can provide evidence for 
fossil preservation, distinguishing between original crystal 
structure, closed-system recrystallization, and open-system 
recrystallization.  
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The Variscan orogen generated large amounts of felsic 

magmas in the Central Iberian Zone (CIZ). A large batholith 
outcrops in the southern part of the CIZ (the Montes de Toledo 
batholith), mostly of peraluminous S-type affinity [1]. The 
Belvís pluton stands out as the P-richest highly fractionated 
leucogranite within that batholith. This is a reversely zoned 
intrusion composed of four granite units. The two most 
fractionated units show a complex association of accesory 
minerals, among which phosphates are the most abundants. At 
least two generation of fluorapatites have been identified 
according to textural and compositional features: type-1 
appears as clean small equant euhedral crystals included in 
quarzt, K-feldspar or plagioclase; type-2 are large (up to 2800 
µm) subhedral to anhedral crystals, interstitial to the main 
granite minerals. Type-2 exhibits dark irregular areas in which 
the SEM images reveals a heterogenous concentration of 
microinclusions of plate graphite, (up to 15 µm x 1 µm), 

randomly orientated (Fig.1). 
This apatite type shows 
significant contents of Fe, Al, 
Si, Na, Sr, HFSE, and is Cl-
richer than the more 
stoichiometric type-1. 
Therefore, type-2 apatite 
would crystallize from a 
more fractionated melt. Low-
grade metasediments are 

considered a suitable protolith for these granites [1]. Graphite 
in granite melts is usually interpreted as restitic or related to 
carbonic fluids. We suggest the alternative of C precipitation 
from a P-F-rich granitic melt to originate this in close apatite-
graphite magmatic intergrowth. Further carbon isotopic and 
Raman studies are required to address the problem of the 
origin of these graphite inclusions. 
 
[1] Villaseca, Pérez-Soba, Merino, Orejana, López-García & 
Billstrom (2008), Journal of geoscience 53, 263-280.  
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High-silica tholeiitic lavas (basaltic andesite, andesite, 

dacite, and rhyodacite) are rare in typical mid-ocean ridge 
(MOR) environments but are more commonly found at 
propagating ridge tips, ridge-transform intersections, 
overlapping spreading centers and/or other ridge-axis 
discontinuities. Although high-silica lavas have erupted at 
different MOR, they show remarkably similar major element 
trends, incompatible trace element enrichments, and isotopic 
characteristics suggesting that similar processes control their 
formation. Geochemical studies indicate that they are primarily 
produced by extreme fractional crystallization accompanied by 
some upper crustal assimilation but other processes such as 
magma mixing and thermal diffusion may play significant 
roles as well.  

Common geochemical characteristics of these MOR high-
silica suites include: enrichments (except for Sr, Ta and Nb) in 
the most incompatible elements that cannot adequately be 
explained by crystal fractionation; elevated Cl and H2O 
contents; radiogenic isotopic compositions identical to MORB, 
relatively low O-isotopic ratios but high Si- and Fe-isotopic 
ratios; and physical and chemical evidence for mixing with 
FeTi and ferrobasalts. Although most high-silca lavas are 
aphyric, some contain xenocrysts of basalt, phenocrysts of 
pyroxene(s), plagioclase, and FeTi-oxides, with rare fayaltic 
olivine, quartz, and zircon that support mixing between Fe-rich 
basalt melts and rhyodacitic magma. Here we review some of 
the major occurrences and characteristics of such evolved lavas 
(e.g. E. Galapagos Spreading Center, S. Juan de Fuca Ridge, 
N. East Pacific Rise) to provide additional insights into their 
petrogenesis, possible relationships to high-silica plutonic 
rocks (e.g. plagiogranites) and tectonomagmatic implications.  
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The aim of radioecology is to understand the transfer of 
radionuclides through the ecosystem. It relies stongly on field 
studies which can provide useful information on the presence 
of radionuclides in the environment, and their origins (natural 
and anthropogenic). In this study, the radioactive isotope of 
hydrogen, i.e. tritium (3H or T), is considered. Tritium is a beta 
emitter with a radioactive half life of 12.3 years. It is present in 
the environment in three principal forms: tritiated water (HTO 
or tissue free water), organically bound tritium (OBT) and 
tritiated gas (HT). Tritiated water is the most abundant 
chemical form of tritium in the aquatic and terrestrial 
environment. OBT can be subdivided in two fractions: the 
exchangeable OBT refers to tritium atoms that are easily 
exchanged (e.g. bound to nitrogen, oxygen or sulfur atoms), 
while the non-exchangeable OBT refers to the remaining OBT 
covalently bound to carbon atoms. The non exchangeable 
hydrogen pool is considered as the only hydrogen fraction that 
faithfully records the history of environmental tritium seen by 
living organisms.  

In this study, mud and water samples from the Loire 
estuary, the outlet of a watershed where several nuclear power 
plants are located, were analyzed. Mud samples were subjected 
to freeze-drying and combustion as pre treatment in order to 
recover free HTO and total OBT. HTO and total OBT 
activities ranged between 4 and 26 Bq.L-1 and between 10 and 
25 Bq.L-1 of combustion water, respectively. To estimate the 
non exchangeable OBT activity in these samples, the 
exchangeable pool of hydrogen within the matrix has to be 
known. A dedicated experimental set up was thus developped 
in order to determine the fraction of exchangeable hydrogen 
(α). It consists in a temperature and humidity controlled glove 
box where different environmental matrixes are exposed to 
specific atmospheres with fixed H/D (deuterium) or H/T 
pressure ratios. The calibration phase of the method was 
perfomed using cellulose matrix. 
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NOM (natural organic matter) has a strong influence on Fe 

speciation, and this will in turn affect the interactions between 
Fe and nutrients and contaminants such as phosphate and 
arsenate. Previous studies have shown that Fe speciation in the 
presence of NOM varies as a function of pH and Fe 
concentration [1-3]. At low Fe concentrations and low pH 
mononuclear Fe(III)-NOM complexes predominate whereas at 
high Fe concentrations and high pH Fe(III) is hydrolyzed and 
precipitated as Fe(III) (hydr)oxides. It is likely that these 
changes in Fe(III) speciation will also be reflected in the P(V) 
and As(V) speciation. Hence, a central question is how 
environmental conditions affect the P(V)/As(V)-Fe(III)-NOM 
interactions. To answer this question, herein we have probed 
conditions that cover a large variation in Fe(III) 
concentrations, Fe(III):P(V)/As(V) ratios, and pH, and the 
studies included two different NOMs. The local structures of 
the ternary P(V)/As(V)-Fe(III)-NOM systems have been 
probed by X-ray absorption and infrared spectroscopy. We 
have also used chemical equilibrium modeling to corroborate 
the trends in the spectroscopic data. The collective results 
showed that the ternary P(V)/As(V)-Fe(III)-NOM systems 
could be explained by the presence mononuclear Fe(III)-NOM 
complexes, Fe(III) (hydr)oxides and precipitated P(V)/As(V) 
either as FePO4(s)/FeAsO4(s) or coprecipitated with 
ferrihydrite. The relative distribution among these species 
varied with the experimental conditions. The precipitated 
P(V)/As(V) was favored at high total concentrations and high 
Fe:P/As ratios. However, at low Fe:NOM ratios the 
mononuclear Fe(III)-NOM complexes were sufficiently stable 
to be unreactive towards the phosphate and arsenate 
oxoanions. 
 
[1] Bauer and Blodau (2009), Sci. Total Environ. [2] Karlsson 
and Persson (2010), GCA. [3] Karlsson and Persson (2012), 
Chem Geol. 
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Hydrogen is present as a trace element in olivine and 

pyroxene and its content distribution in the mantle results from 
melting and metasomatic processes. Here we examine how 
these H contents can be disturbed during decompression. 
Hydrogen was analyzed by FTIR in olivine and pyroxene of 
spinel peridotite xenoliths from Salt Lake Crater (SLC) 
nephelinites which are part of the rejuvenated volcanism at 
Oahu (Hawaii) [1,2]. 
H mobility in pyroxene resulting from spinel exsolution 
during mantle upwelling 

Most pyroxenes in SLC peridotites exhibit exsolutions, 
characterized by spinel inclusions. Pyroxene edges where no 
exsolution are present have less H then their core near the 
spinel. Given that H does not enter spinel [3], subsolidus 
requilibration may have concentrated H in the pyroxene 
adjacent to the spinel exsolution during mantle upwelling. 
H diffusion in olivine during xenolith transport by its host 
magma and host magma ascent rates 

Olivines have lower water contents at the edge and near 
fractures compared to at their core, while the concentrations of 
all other chemical elements appear homogeneous. This 
suggests that some of the initial water has diffused out of the 
olivine. Water loss from the olivine is thought to occur during 
host-magma ascent and xenolith transport to the surface [4-6]. 
Diffusion modeling matches best the data when the initial 
water content used is that measured at the core of the olivines, 
implying that mantle water contents are preserved at the core 
of the olivines. The 3225 cm-1 OH band at times varies 
independantly of other OH bands, suggesting uneven H 
distribution in olivine defects likely acquired during mantle 
metasomatism just prior to eruption and unequilibrated. 
Diffusion times (1-48 hrs) combined with depths of peridotite 
equilibration or of magma start of degassing allow to calculate 
ascent rates for the host nephelinite of 0.1 to 27 m/s. 
 
[1] Bizimis et al (2003) EPSL 217, 43-58. [2] Bizimis et al 
(2007) EPSL 257, 259-273. [3] Bromiley et al (2010) GCA 74, 
705-718. [4] Demouchy et al (2006) Geology 34, 429-432. [5] 
Peslier & Luhr (2006) EPSL 242, 302-319. [6] Peslier et al 
(2008) GCA 72, 2711-2722. 
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Cl variability is ubiquitous in deep-sea hydrothermal 

fluids, indicating they routinely intersect the two-phase 
boundary, represented by the critical curve in the NaCl-H2O 
system. Silica concentrations in these fluids are frequently 
used to constrain P or T of subseafloor reactions. We have 
performed experiments to evaluate salinity effects (0–2M 
NaCl) on quartz solubility at P-T conditions coincident with 
the NaCl-H2O critical curve (374–500 °C). Model calibration 
allows more accurate pressure constraint when used in 
conjunction with Fe/Mn geothermometry. P and T of 
equilibration independently coincide with the NaCl-H2O 

critical curve using the database of fluid chemistry from basalt-
hosted hydrothermal systems. This enhances the significance 
of a broader T-chlorinity relationship, demostrating fluids with 
chlorinities greater than seawater should be considered vapors 
(see Fig.). These data agree with the notion that the 
physicochemical properties of the fluids limit maximum 
circulation temperatures to those along the critical curve, 
where these maxima increase with increasing salinity and/or P. 
Application of vapor-liquid partiton coefficients for Sr suggest 
fluids with distincly different chlorinities and Sr/Cl ratios 
venting in close proximity are still consistent with having been 
derived from a similar higher chlorinity source fluid. 
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Aquifers salinization represents one of the major threats to 
groundwater resources. The sedimentary aquifer of the 
Roussillon Basin (S France) is a complex coastal aquifer, close 
to the Mediterranean Sea, and facing salinization problem and 
seasonally increase of water abstraction. We report here 
geochemical and isotopic vertical variability in this Quaternary 
and Pliocene aquifer.  

Aquifer layers are not equally impacted by salinization 
with electrical conductivity ranging from 459 to 43000 µS.cm-

1. Groundwater chemical composition highlights binary mixing 
between fresh groundwater and salty water  plus cation 
exchanges processes. The multi-isotope approach consists in 
the use of complementary tracers evidencing water-rock 
interaction processes or adsorption onto the clay matrix. In a 
δ2H-δ18O diagram, most of the samples plot along the global 
meteoric water line with signatures consistent with a recharge 
from the western part of the basin. Some samples plot along a 
mixing line between the recharge and seawater. The vertical 
profile of 87Sr/86Sr presents high variation, up to 60m the 
87Sr/86Sr is close to the seawater ratio and then it increases with 
depth, reflecting water-rock interaction with argillaceous 
formations. Boron isotopes can trace secondary processes such 
as adsorption/desorption processes through fractionnation. 
δ11B presents high variation from 20.3 to 45.4‰, suggesting 
isotopic fractionation due to preferential adsorption of 10B onto 
clays.  

This study is part of the GRAIN D’SEL project supported 
by the ANR ECOTECH N°09-ECOT-008-01. 
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This study provides further characterization of the 
groundwater in a large sedimentary aquifer system that have 
been identified as being of primary importance and/or at risk in 
the Adour-Garonne district. As large water abstractions for 
human activities can induce complete modification of the 
natural functioning of such aquifer systems, e.g. with leakage 
between aquifer layers that can lead to water quality 
degradation, the characterization of such large system 
constitutes a key point to evaluate further deterioration and 
protect and enhance aquatic ecosystems. For that purpose, 
combined geochemical analysis, and two isotope systematics 
(87Sr/86Sr and δ34S-SO4, δ18O-SO4) have been applied to one 
demonstrative aquifer systems: Eocene aquifer. The Eocene 
aquifer is made up of five aquifer systems: Paleocene, Eocene 
Infra-Molassic Sand, Early Eocene, Middle Eocene and Late 
Eocene with a  mineralized area, north of the Aquitaine basin 
where the groundwaters show strong mineralization and 
anomalous levels of critical elements (SO4, F…), leading to 
difficulties of resource exploitation. Extreme heterogeneity of 
geochemical composition and sulfate and Sr isotopic 
signatures of groundwater between the aquifers but also within 
a single aquifer are discussed in terms of lithological control 
induced by lateral variation of facies and interconnections 
between aquifers. Strong control of evaporite dissolution (both 
sulfate and halite) was evidenced in three domains in the 
Adour-Garonne district. Weathering of silicate and carbonate 
rocks has also been demonstrated to be partly responsible of 
the spatial variability of groundwater geochemistry within an 
aquifer. In addition to this strong lithological control, different 
relations between the Eocene Infra-Molassic sand aquifer and 
the other aquifers, depending on the part of the district, have 
been demonstrated. 
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Rodrigues Island, the eastern-most island in the Réunion 

hotspot chain, lies at the western end of an active volcanic 
lineament extending more than 200 km from the Central Indian 
Ridge (CIR) axis. Where these ridges intersect, MORB glasses 
host enriched trace-element signatures and elevated 3He/4He 
ratios [1]. These characteristics provide evidence for 
interaction between Réunion hotspot and N-MORB signatures 
found elsewhere on the CIR. To further constraint hotspot-
ridge interactions, we present new major- and trace-element 
abundance data for basaltic lavas from Rodrigues (4.5-9.4 
wt.% MgO), as well as for basalt and ultramafic lavas from the 
westerly islands of Mauritius and Réunion (7.5-35 wt.% 
MgO). In addition, we present new geochemical data for 
cumulate dunite and harzburgite (33-46 wt.%  MgO) xenoliths 
with high-3He/4He from Réunion. Rodrigues lavas have more 
variable primitive-mantle normalized La/Yb and Nb/Zr ratios 
(2.6-10.1 and 1.5-5.4, respectively; n = 12) than Réunion lavas 
(5.0-9.2 and 1.7-2.4, respectively, n = 12). These differences 
reflect interaction between a more enriched ‘Réunion’ hotspot 
component and a depleted N-MORB component for 
Rodrigues. Réunion cumulate xenoliths have lower absolute 
trace element concentrations than associated lavas and lower 
La/Yb (1.2-4.0) and positive Ti anomalies due to spinel and 
olivine accumulation. These data allow quantitative removal of 
the effect of mineral accumulation from olivine-phyric 
Réunion OIB and thus constrain the trace element composition 
of Réunion parental magmas. Comparison with Rodrigues lava 
compositions provides compelling evidence for interaction of 
the hotspot with the CIR as far west as Rodrigues. 

 
[1] Füri et al (2011) JGR doi:10.1029/2010JB007609.  



 Goldschmidt2014 Abstracts  

 

1947 

1947 

Chemical weathering and pedogenesis 
in rubified paleosols of central 

Pennsylvania 
S.C. PETERS1*, F.J. PAZZAGLIA1, J.M.T. BLAKE1  

AND J. DYKMAN1 
1Earth and Environmental Sciences, 1 W Packer Ave, 

Bethlehem PA 18015  USA.   
(*correspondence: scp2@lehigh.edu) 

 
A sequence of paleosols in central Pennsylvania presents 

an opportunity to reconstruct pedogenic conditions in the mid-
latitudes that commenced prior to the last glacial maximum. 
Soil formation can be considered as a sequence of events, 
including the initial mechanical disaggregation of bedrock and 
saprolite, followed by transport and deposition of colluvium.  
Once deposited the regolith undergoes alternating periods of 
quiescent pedogenesis and disruptive events that rework and 
bury the soil structure.  The pedogenic history is recorded in 
hillslope stratigraphy, including their soils and paleosols. 

In this work, we report on the soil evolution developing 
through complex colluvial stratigraphy at two sites in central 
Pennsylvania. The hillslope stratigraphy in the Shale Hills 
CZO consists of thin (< 2 m) shale chip colluvium in the 
swales and very thin (<1 m) rubble shale colluvium on the 
interfluves underlain by the Rose Hill Shale.  In the Millheim 
Narrows of central PA thick colluvial wedges (>4m) have been 
deposited on the Bald Eagle Sandstone. 

In the shallow soils of the Shale Hills watershed find that 
the bedrock-regolith contact is marked by a thin (several cm) 
saprolite with distinct  gleyed mottles. Above this saprolite in 
the swales is one or more deposits of  well-sorted 0.1 – 2 cm 
angular shale chips, interpreted as  periglacial sorted talus 
(grèzes littés) that can exceed 2 m in thickness.  In the thicker 
soils of the Millheim Narrows site, we find a 2 m thick highly 
weathered colluvium with saprolitized clasts and a deep red (5 
- 2.5YR) color with patchy manganese staining.  Above this 
deposit is a brown colluvium with poorly weathered clasts. 

Geochemical and grain size data from these parent 
materials illustrate the degree of chemical weathering and 
pedogenesis from parent materials.  Oxalate and dithionite 
extractable iron assists in the estimation of the pedogenic 
chronology.  We present one possible sequence of events 
consistent with these deposits. 
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Over the past years, branched glycerol dialklyl glycerol 

tetraethers (brGDGTs) have increasingly found use as tracers 
for soil-derived organic carbon (OC) in carbon cycle studies. 
Specifically, the proportion of brGDGTs in coastal marine 
sediments is used as a proxy for fluvial delivery of soil OC into 
a marine system, quantified as the Branched and Isoprenoid 
Tetraether (BIT) index. Records of brGDGT composition 
retrieved from continental margin sediments have also been 
used to provide an integrated climate history of the adjacent 
river basin. However, recent studies indicate that additional 
production of brGDGTs can take place in rivers, which may 
influence the initial distribution of soil-derived brGDGTs upon 
entering a river. 

Here we monitored changes in the amount and distribution 
of soil-derived intact polar (‘living’) and core (‘fossil’) soil-
GDGTs during an incubation experiment (t = 152 days), using 
river and ocean water as inocula, in order to evaluate the fate 
of the soil GDGT signature during fluvial transport from land 
to sea. Neither brGDGT production nor degradation was 
observed over the course of the experiment, and as a result the 
initial soil brGDGT distribution remained unaltered upon 
entering an aquatic environment. Notably, isoprenoidal 
GDGTs (isoGDGTs), probably produced by soil 
Thaumarchaeota, increase significantly during our incubation 
study, consequently influencing BIT index values when 
transport times are long (>80 days).  
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One of the newest methods to reconstruct absolute 

continental paleotemperatures is by analyzing subtle changes 
in the distribution of branched tetraether membrane lipids (so-
called “brGDGTs”), throughout a sedimentary archive. 
Although brGDGTs were initially considered to be exclusively 
derived from soil bacteria, recent studies have shown that they 
may also be produced in lacustrine environments. The aquatic 
contribution causes an underestimation of reconstructed 
temperatures when using the initial soil-calibrated transfer 
functions. In the lake-specific calibrations that were developed 
to account for this offset, Arctic lakes are generally 
underrepresented. Thus, the source of brGDGTs and their 
suitability as paleothermometer in high latitude lakes has so far 
remained uncertain. 

Here we show that brGDGTs in Arctic lakes are primarily 
soil-derived based on the comparison of brGDGT signatures in 
lakes, riverine suspended material, riverbank sediments, and 
permafrost material from the Canadian (Mackenzie River 
delta) and Siberian (Kolyma River basin) Arctic. A subsequent 
assessment of the available brGDGT-temperature transfer 
functions indicates that the most reliable continental air 
temperatures are returned by the original ‘MBT-CBT 
paleothermometer’ calibrated on soils. Thus, analyzing 
brGDGT signals down-core Arctic lake sediments is likely to 
reveal the timing, rate, and magnitude of past climate change, 
improving our understanding of the implications of the current 
and future climatic changes in this vulnerable area. 
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The Eocene-Oligocene transition (EOT) marks the onset of 

glaciation on the Antarctic continent and is arguably one of the 
most dramatic climate shifts in the Cenozoic period. This 
period of climate change is marked by a large (>1‰) increase 
in the δ18O of benthic foraminifera [1], which represents the 
combined influence of cooling and increased continental ice 
volume that cannot be separated using stable isotope analysis 
alone. Previous studies have tried to determine the contribution 
of each of these effects by independently measuring 
temperature using proxies such as Mg/Ca [2, 3]. However, 
across the EOT there was a ~1 km shift in the carbonate 
compensation depth that affected [CO3

2-] and complicates use 
of the Mg/Ca proxy at this time [4].  

Here we present independent estimates of temperature 
across the EOT using the carbonate clumped isotope 
paleothermometer – a temperature proxy based on the ordering 
of the heavy isotopes 13C and 18O within the carbonate lattice 
[5]. There is no evidence to date that suggests this proxy is 
affected by changes in [CO3

2-], making it a good candidate for 
studying the EOT. We developed a new inlet apparatus that 
allows measurement of <2 mg samples (compared with 
previous studies using 8-15 mg per replicate), which made it 
possible to study foraminifera using this proxy. Thermocline-
dwelling planktonic foraminifera (Subbotina angiporoides, S. 
utilisindex) were picked from the Southern Ocean core 
ODP689B [64°31’S, 03°06’E, Maud Rise] across an interval 
spanning the EOT. Previous work on this core using stable 
isotopes and Mg/Ca make it a good candidate for inter-proxy 
comparison [3, 6]. New clumped isotope data presented here 
refine the estimated temperature change across this interval as 
well as the contribution of increased ice accumulation on 
Antarctica.  

 
[1] Zachos, et al (2001) Science 292, 686-693. [2] Lear, 
Elderfield, & Wilson (2000) Science 287, 269-272. [3] Billups 
& Schrag (2003) EPSL 209, 181-195. [4] Peck, et al (2010) 
Paleoceanography 25, PA4219. [5] Eiler (2011), Quat. Sci. 
Rev. 30, 3575-3588. [6] Bohaty, Zachos, & Delaney (2012) 
EPSL 317-318, 251-261. 
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Recent advances in mass spectrometry have allowed for 
precise (±0.2‰) measurements of clumped isotopologues of 
methane at natural abundances, giving rise to its use as a 
geothermometer in equilibrated systems [1]. For this technique 
to be used, accurate models need to be developed that quantify 
equilibrium shifts of all isotopologues away from stochastic 
distributions. These shifts can be calculated using modern 
quantum chemical methods and programs with results that vary 
in accuracy depending on the particular methods chosen.  Our 
objective here is to explore methods and pitfalls when using 
these calculations at the harmonic and anharmonic levels and 
to determine the magnitude of the anharmonic shifts for 
various isotopologues of methane. 

H/D exchange in water (H2O + D2O = 2HDO) is one of the 
most widely studied systems and should be useful as a 
benchmark, but the results for K(T) are still somewhat 
controversial. We review historical results as determined by 
the three principal methods: statistical mechanics and 
vibrational spectroscopy, direct measurement of compositions, 
and statistical mechanics and quantum chemistry. We show 
that there is consensus among at least some studies for all three 
methods for K(298K) ~ 3.85 as opposed to the widely quoted 
values K(298K) ~ 3.80. We then show that anharmonic effects 
for water are small and that MP2 and B3LYP calculations with 
triple-zeta basis sets can produce values close to those from the 
best experiments or high-level calculations. 

For methane, we show that anharmonic effects are not 
large for doubly-substituted 13CH3D, but that they are 
increasingly significant for CH2D2 and other species with 
higher levels of deuterium substitution. Since the different 
isotopologues of methane suffer from various levels of 
“resonance”, it is critical to generate anharmonic corrections 
using a  suitably “deperturbed” method. We show that the 
hybrid degeneracy-corrected perturbation model of Bloino, 
Miczysko, and Barone gives reasonable and consistent 
corrections which vary little between B3LYP and MP2. 

 
[1] D.A. Stolper et al (2014), Geoch. et Cosmo. Acta 126.  
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Two-thirds of the carbon in the terrestrial biosphere is 

stored as soil organic matter (SOM). This vast pool of C is 
derived primarily from decomposed plant and microbial cell 
material, and the fluxes that control the size of this pool are 
critical to the global C cycle. However, the basic processes of 
SOM formation and turnover remain elusive and thus difficult 
to model and predict. Our perspective on OM persistence is 
evolving—stabilized carbon is no longer assumed to be 
chemically recalcitrant, and we now recognize that much 
mineral-associated OM has passed through a microbial lens, 
much of it as necromass or extracellular materials. Still, 
advancing our understanding of soil carbon organic-mineral 
interactions requires disentangling the complex interactions 
between soil mineral surfaces and decomposed organic 
compounds, root exudation and deposition, and soil microbial 
activity/biomass. By incubating 13C/15N labeled bacterial, 
fungal and root cells in soils and tracing the fate of the labeled 
components, it is possible to measure the fate of individual 
classes of organic materials under both controlled and 
environmentally relevant conditions. High resolution imaging 
techniques such as ‘STXM-SIMS’ when combined with bulk 
and microbial isotope tracing (‘Chip-SIP’), molecular 
microbiology, metabolomics and traditional geochemical 
extractions allow a comprehensive analysis of the fate of 
isotopically labelled rhizodeposits and plant tissues. The 
characteristics of the resulting plant and microbially derived 
organic compounds (lipids, phenolics, lignin, amino acids, 
polysaccharides) appear to interact differently with soils 
mineral phases, suggesting that the amount and types of carbon 
that are maintained in soil is based on the individual reactivity 
of component molecular groups (carboxylic acids, amines, 
aromatic rings). 
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Nitrogen is a common trace element in diamond, and it has 

the potential to help our understanding of nitrogen storage and 
cycling in the mantle. However, significant knowledge gaps 
remain in the understanding of nitrogen sources and N-isotope 
fractionation between diamond and its parental fluid. We have 
undertaken detailed intracrystalline carbon and nitrogen 
isotope analysis of a large, complexly-zoned diamond (using 
secondary ion mass spectrometry) to examine the magnitude of 
nitrogen isotope fractionation between diamond and its 
parental fluid. The diamond is from an eclogite xenolith 
recovered from the Jericho kimberlite of the Slave Craton in 
the northwestern Canadian Shield.  The diamond (JDE-25), 
which had previously been examined for intracrystalline 
variations in C-isotopic composition and N-abundances, 
contains one zone that grew from a single, large pulse of fluid 
and other oscillatory zones that grew from repeated smaller 
fluid pulses [1].  

Combined C- and N-isotope and N-abundance 
measurements (n = 54 each) were made across four growth 
zones (δ13C = –5.9 to –2.3‰; δ15N = –7.1 to +5.4‰; [N] = 104 
to 5420 ppm). Data across a zone of continuous growth (δ13C = 
–3.9 to –2.9‰; δ15N = –7.1 to +1.3‰; [N] = 1175 to 5420 
ppm; n = 25 each) can be modelled as equilibrium growth in a 
fractionating, fluid-limited system. Utilizing a Rayleigh 
distillation model to explain the isotopic shifts across this zone, 
we have calculated a nitrogen isotope fractionation factor of –
4.0 ± 1.2‰ (at 1100°C; 2σ) between diamond and its parental 
fluid (∆Ndiamond–fluid). Overall, the stable isotope profiles suggest 
that each of the four growth zones crystallized from fluids with 
distinct C- and N-isotope signatures, and that these fluid 
phases experienced high degrees of progressive isotopic 
fractionation during diamond growth. 

 
[1] Smart et al (2011) GCA 75:6027-6047. 
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Despite more than half a century of investigation of the 
marine strontium isotope (87Sr/86Sr) system, the community 
cannot agree on whether the flux and isotopic composition of 
continental runoff is sufficient to balance the marine Sr budget 
[1,2]. The largest disagreements lie in the flux and isotopic 
composition of continental runoff.  To address this issue, we 
are studying potential biases in existing data.  Our approach is 
premised on the observation that bedrock ages of drainage 
basins are positively correlated with the 87Sr/86Sr of runoff [3]. 
We use a GIS to quantify bedrock ages and lithologic 
composition of watersheds at the points of sampling and at the 
river mouths, and present a detailed analysis of rivers draining 
the West coast of North America. 

Rivers draining this region fall into two categories: small 
to mid-sized watershed draining the geologically young 
western side of the Coast Mountains with young bedrock ages 
(e.g. ~76 Myr for the San Joaquin and Sacramento rivers), and 
large watersheds that break through the Coast Mountains and 
drain large segments of the geologically older continental 
interior (e.g. ~265 Myr for the Fraser and Columbia rivers). 
Sampling locations rarely coincide with river mouths and 
therefore tend to preferentially exclude younger bedrock. For 
instance, the 87Sr/86Sr reported for the Columbia River reflects 
drainage of only ~75% of the entire drainage basin area with a 
mean bedrock age of 306 Myr, ~40 Myr older than the mean 
bedrock age of the entire basin. Similar relationships are 
observed on the Fraser River. Large watersheds with older 
average bedrock ages are also over-represented in the riverine 
87Sr/86Sr database.  Both facts imply that average 87Sr/86Sr 
values for active margin drainages are biased towards more 
radiogenic 87Sr/86Sr values. 

Quantifying the magnitude of this bias for global runoff 
will require a global analysis that also takes into account 
differences in Sr concentrations.  Without such an analyses it is 
impossible to resolve the dispute.  However, considering recent 
data for global submarine groundwater flux into the ocean [4] 
it is likely that the marine 87Sr/86Sr system is currently less out 
of balance than predicted [1]. 

 
[1] Vance et al 2009, Nature 458, 493-496. [2] Allegre et al 
2012, EPSL 292, 51-56. [3] Peucker-Ehrenbrink et al 2010, G3 
11, GC002869. [4] Beck et al 2013, GCA 117, 33-52. 
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Recent years have seen the advent of a new generation of 

multi-collector mass spectrometers for noble gas 
geochronology and geochemistry (e.g., Noblesse, ARGUSVI, 
HELIX). In this presentation, I will document results from 
selected 40Ar/39Ar dating standards and samples, using an 
ARGUSVI instrument. Standards analysed to date include Fish 
Canyon Tuff sanidine (FTCs) [1], Alder Creek Rhyolite 
sanidine (ACRs) [1], A1 Tephra sanidine and Mt Dromedary 
biotite (MD-2; =GA1550). Samples studied include young 
basalt samples, <300 kyr in age [2]. 

ARGUSVI 40Ar/39Ar analyses exhibit significantly 
enhanced precision levels (generally >10x), compared to 
previous mass spectrometer systems. This capability  has 
permitted resolution of distinct age gradients in step-heating 
spectra for the sanidine standards [e.g., 1]. In contrast, other 
standards (e.g., MD-2 biotite) and samples show flat age 
spectra. The new results clearly complicate assignment of 
accurate ages to sanidine standards and associated unknowns. 

Uncertainties in standard ages are less significant when 
dating young basalt samples and the ARGUSVI system is 
particularly well suited to high precision 40Ar/39Ar dating of 
young (<100 kyr) basalts. For example, the Tyrendarra basalt 
in SE Australia gives a mean age of 37.6 ± 0.3 ka (0.8%, 2σ). 

The significant improvement in analytical precision from 
new multi-collector instrumentation presents new challenges, 
but also heralds new insights into the 40Ar/39Ar dating method. 

 
 [1] Phillips & Matchan. (2013) Geochim Cosmochim Acta 
121, 229-239. [2] Matchan & Phillips (2014) Quat Geochron 
(accepted). 
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Gold mineralisation at Sams Creek, 20 km east of the paleo 

Gondwana margin, lies amongst an under-explored region with 
a rich history of alluvial gold prospecting dating back to the 
1850s. Gold at Sams Creek is hosted by an A-type peralkaline 
microgranite dike that extends 7km along strike and is up to 
60m thick. Over 120 diamond drill holes sample a kilometre of 
vertical relief from which we recognize large scale 
mineralogical and geochemical variations. Analyses of 1m 
half-core reveal a Au-As-Sb assemblage to be anomalous over 
the full scale of the deposit. Specific zoning patterns of Ag, Pb, 
and Zn are observed throughout the range of elevations 
sampled. Most notably Ag increases with elevation, while Pb 
and Zn increase with depth, where Mo is also elevated. 

Multiple stages of hydrothermal activity have altered the 
dike including the precipitation of late arsenopyrite veins, base 
metal sulphides, and gold. Gold-silver alloy (~80-85% Au) 
occurs as small growths (up to 40 µm) cementing and in-filling 
brecciated and fractured arsenopyrite (the most abundant ore 
mineral). All samples from the Sams Creek Dike are highly 
enriched in LREEs, moderately enriched in HREEs, have a 
distinct negative Europium anomaly, and show no significant 
variation between stages of alteration. This suggests the source 
of mineralising fluids shares a similar trace element chemistry 
to that of the dike. 

Hydrothermal zircons occur as clusters and strings of <1-
15µm crystals along grain boundaries of arsenopyrite and 
within the same micro fractures which gold grains occupy. We 
interpret these as hydrothermally remobilized magmatic 
zircons. Magmatic zircons also occur in unmineralized samples 
as relatively large individual and sometimes grouped equant 
ellipsoidal grains. They exhibit a spongy dissolution texture 
and grain size up to ~25µm. U-Pb analysis of the hydrothermal 
zircons by LA-ICP-MS assign an Early Cretaceous age for 
hydrothermal mineralisation. 
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Thunderstorms that produce lightning are common over 

continental regions, especially in the warmer seasons.   Their 
lightning is created by separation of charge in re-bounding 
collisions between ice and large ice particles such as hail or 
graupel.   The charge separated in each collision depends on 
the sizes of the colliding particles and also on the liquid water 
content in mixed-phase conditions.   The number of re-
bounding collisions is curbed by wet growth of hail and is 
boosted by ice numbers determined by aerosol activation.    
Such quantities, which determine total charge separated, are 
predicted to be sensitive to aerosol conditions of composition 
and loading.  

In the presentation, a cloud-resolving model with hybrid 
bin/bulk microphysics and a semi-prognostic aerosol 
component is described.    Simulations of thunderstorms 
observed in a field campaign (‘STEPS’) over the US High 
Plains in summer-time are compared with aircraft 
observations.    Sensitivity tests are shown revealing the 
microphysical mechanisms for the effects from extra soluble 
and insoluble aerosol particles on lightning.  Liquid water 
content, controlled by the aerosol activation, is found to be a 
crucial parameter for the aerosol-cloud-lightning interaction.  
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Models of clay mineral formation on Mars suggest clays 
form through hydrothermal processes in shallow, neutral-
alkaline reservoirs [1], as nontronite formation is unfavorable 
at pH values >4 [2]. However, mixed-layer clays are abundant 
in acid-sulfate hydrothermal systems on Earth, which 
contradicts these models. In order to examine the nature of 
clay mineral formation in acid-sulfate systems, we developed 
experimental batch reactors based on the dry-season aqueous 
geochemistry of Las Pailas hot springs (pH 2.6, T=80oC, [SO4

2-

]=38.38 mM, [Fe2+]=22.0-38.38 mM,  [Al3+]=0.1-15.27 mM, 
[F-]=0-0.11 mM, & [Ca2+]= 0-0.55 mM) [3], Costa Rica.  This 
system is notable for its clay rich hot springs, mud pots, & 
fumaroles. We use aqueous geochemistry, thermodynamic 
modeling, HR-TEM and X-ray diffraction analysis of 
precipitates to characterize our experiments.  

Within 7 days of the onset of the experiments, authigenic 
mixed-layer smectites, nontronite, illite, kaolinite/halloysite, 
and Fe-oxides have formed in in all samples.  Preliminary 
analysis of our results suggest that ligand stability (with 
Al(III), and Fe (II,III)) and exchange kinetics  are a strong  
control on authigenic clay formation and alteration in this 
system. In particular, Al-complexation by sulfate enhances 
kaolinite and nontronite formation. Models of our experimental 
data indicate the aqueous sulfate activity greatly expands the 
stability field of nontronite into acidic  pH values.   The sulfate 
ion, therefore, mediates clay mineral formation through Al-
complexation and inhibititon of rapid homogeneous nucleation 
of oxide phases. Progressive evaporation of hydrothermal 
fluids leads to the formation of jarosite and gypsum crusts. 

This study shows that the mineralogy present on Mars can 
form geologically instantaneously (7 days) from acid-sulfate 
hydrothermal solutions. This broadens the range of possible 
geochemical conditions that may be represented by Noachian 
deposits on Mars.  

 
[1] Elhmann et al (2013) Space Sci. Rev. 174, 329-364. 
[2]Chevier et al (2007) Nature 448, 60-63. [3] Phillips-Lander 
et al (2014) Geomicro. J. 31, 23-41.  
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It is challenging to reconstruct thermal histories of rocks 
below ~300 ˚C due to the common failure of minerals to reach 
heterogeneous equilibrium. Carbonate clumped isotope 
thermometry (homogeneous equilibrium of isotopologues in 
carbonate minerals) is potentially useful in this temperature 
range, but requires an understanding of the blocking 
temperature of this approach — the temperature below which 
isotopic reording is slow relative to geologic temperature 
changes. An important new concept we explore here is that 
blocking temperatures of multiple co-existing carbonate 
minerals might be used to constrain temperature-time history 
(i.e., a form of ‘geospeedometry’) more usefully than one 
could do using one mineral alone. 

Previous studies show carbonate-apatite, calcite and 
dolomite have blocking temperatures of approximately 150˚C, 
200°C, and 300°C, respectively. However, aragonite has not 
been previously studied in detail. We conducted experiments 
in which aragonite crystals are heated with a known head space 
pressure of CO2 for controlled temperatures and times, and 
changes in their clumped isotope composition were determined 
after quenching to room temperature. XRD analysis is being 
used to quantify the amount of recrystalization from aragonite 
to calcite, such that isotopic reordering and lattice 
reorganization can be related to one another.  

Initial results suggest that aragonite exhibits non-first-order 
kinetics, simliar to previous observations for calcite [1, 2]. 
Measurable changes in temperature have been recorded in as 
little as 1 hour at 200°C, and large changes (10’s of % 
approach to equlibrium) occur at higher temperatures over 
hour time scales. Rates of re-ordering slow significantly after 
24 hours, perhaps suggesting the two-step diffusion/reaction 
mechanim suggested by Stolper [1]. Initial results suggest a 
closure temperature for aragnonite 10’s of degrees lower than 
calcite (i.e., similar to or lower than carbonate-apatite). We 
will discuss the usefullness of these data for interpretation of 
previous and new measurements of clumped isotope 
temperatures of natural aragonites, and illustrate through 
models how these data could be used for geospeedometry. 
 
[1] Stolper and Eiler, accepted, American Journal of Science. 
[2] Passey and Henkes (2012), EPSL. 
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Large swathes of the ocean are Si-limited and this imposes 

a cap on siliceous vs. calcareous primary production, the 
export of organic and inorganic carbon (C rain-rate ratio) and 
the sequestration of CO2 in the ocean. Sedimentary burial of 
biogenic silica is the main oceanic Si sink and is distributed 
equally between open ocean, iron-limited provinces and 
upwelling margins. However, the margin Si sink is mainly 
localised in the eastern Pacific while contributions from other 
upwelling systems are comparatively small. Such large inter-
margin differences remain unexplained. Here we investigate 
this difference using biogenic fluxes and diatom-bound proxies 
in sedimentary material from the Gulf of California, an 
archetypal Si sink. We suggest that transient Fe limitation 
during intense upwelling periods results in dramatic increases 
in Si:Corg export ratios and induces elevated Si burial -a view 
also supported by long sedimentary records from the same 
basin. An global compilation shows that hotspots of Si burial 
are characterised by high Si:Corg export ratios which are 
diagnostic of Fe limitation during diatom growth. Therefore, 
we propose that prevailing conditions of widespread Si 
limitation in the ocean is largely caused by Fe deficiency 
imposing an indirect constraint on oceanic C sequestration. 
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Wonderwerk Cave, in the Northern Cape, South Africa, 

contains a long and much studied sequence of archaeological 
sediments and stone tool industries and is particularly well 
known for its Earlier Stone Age (ESA) deposits. ESA sites are 
common within South Africa but paucity of well dated sites 
leaves many questions about the evolution of our early 
ancestors from this time period unanswered. 

During excavations at Wonderwerk Cave a number of 
small stalagmites and soda-straw stalactites were recovered 
from various depths through the sediments. Uranium-Lead (U-
Pb) dating of speleothems is a relatively new chronometer and 
ages for samples as small and fragmentary as the little buried 
stalagmites from Wonderwerk Cave would help establish it as 
an imminent dating technique for archaeological sites.  

The key to successful U-Pb dating of these relatively 
young, buried speleothems is thorough pre-screening. The 
laser ablation scans proved invaluable in identifying layers 
within the speleothem suitable for U-Pb dating, as well as 
providing detailed trace element data, which excludes the 
possibility of diffusion-absorption of U in or out of the samples 
and confirms the integrity of the U-Pb ages.  

The relationship between the small stalagmites and the 
sediments surrounding them is paramount to interpreting the 
ages. Given that stalagmites need a stable cave floor to form 
on, these samples will predate the sediments below them and 
are most likely coeval with the sediments surrounding them 
and as such, provide close to maximum ages for these deposits.  

Three samples were successfully dated, provingd ages 
ranging from ~500 to 800 ka. These ages are precise enough to 
become a powerful tool to be used in pinning palaeomagnetic 
sequences but a much larger data set is needed before this can 
be done with confidence.  

Further work will be needed to constrain the chronology of 
the ESA deposits at Wonderwerk Cave but the addition of a 
new chronometer in the form of U-Pb dating adds an important 
new line of evidence for this complex task. As such this 
technique will have broad applications ESA cave sites older 
than 500 ka and beyond the limit of conventional Uranium-
Thorium dating. 
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The area known as the ‘Cradle of Humankind’ situated 

about 40 km north of Johannesburg in South Africa is famous 
for the early human (hominin) fossil remains recovered from 
numerous cave sites.  

The dating of these cave sites and the fossils preserved 
within them has been a major challenge. However, progress in 
U-Pb dating of speleothems, in this case flowstone layers 
sandwiched between the fossil bearing sediments, has gone a 
long way in providing a chronology for these sites and our 
early human ancestors.   

So far five cave sites have U-Pb dated flowstones and from 
this new U–Pb dataset, a pattern of contemporary flowstone 
development emerges, with different caves recording the same 
flowstone-forming event. This suggests a regional control over 
the nature and timing of speleothem development in cave 
deposits. 

The flowstones themselves are also archives of 
palaeoclimate data and in theory could provide records 
analogous to stalagmite archives encompassing much younger 
time periods. However, this approach is complicated by the 
fact that, at present, it is only possible to date one layer of each 
flowstone. Consequently, top and bottom ages cannot be 
obtained, and alongside the apparent non-continuous growth of 
these formations it can be difficult to assess the amount of time 
recorded by the growth intervals and the extent of any hiatuses.   

A 700 mm stalagmite from Wonder Cave, also within the 
Cradle, was collected in an attempt to overcome the flowstone 
problem. This sample is Holocene in age and U-Th ages 
indicate it grew from ~7 ka to 4.3 ka and while there are clear 
growth layers, no breaks are visible. As such, this stalagmite 
represents a remarkably high resolution record of around 2500 
years and the stable isotopes, drilled at 1 mm, will provide a 
sub-decadal palaeo-environmental record. An understanding of 
the speleothem record from the recent past will pave the way 
to unravelling the much older flowstone signals and  enhance 
our understanding of the palaeoenvironments in which our 
early ancestors lived and died. 
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The Mid-Miocene Climate Transition (MMCT, ~14 Ma) 

saw a marked decrease in global temperatures and sea level, 
corresponding to an increase in global ice volume. Here we 
present direct evidence of East Antarctic ice sheet (EAIS) 
dynamics during the MMCT from sediment in deep ocean 
cores on the Antarctic continental margin. Between 14.2 and 
13.8 Ma, coeval with the MMCT, unusually high 
concentrations of dropstones are found at IODP Site U1356, 
Wilkes Land, and ODP Site 1165, Prydz Bay. We interpret the 
ice-rafted detritus (IRD)-rich layers to be caused by repeated, 
massive pulses of debris-laden icebergs. Taken together with 
evidence for global ice volume oscillations from benthic 
oxygen isotope records, our new MMCT records suggest that 
at least two major ice sectors around East Antarctica featured 
repeated substantial growth and collapse before the EAIS 
reached a relatively more stable state.  

Further constraints are made through isotopic provenance 
studies on the coarse (40Ar/39Ar hornblende and biotite ages) 
and fine (εNd) fractions of IRD layers. Site 1356 data indicate 
the ice margin likely sat along the extension of the Mertz Shear 
Zone at the western edge of the Wilkes Subglacial Basin, while 
variations in εNd require sourcing from the interior of the 
Wilkes Basin and/or the Transantarctic Mountains. Site 1165 
IRD shows a mixture of local (Prydz Bay) and far-traveled 
(>1000 km, Wilkes Land) material. 
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Kīlauea lavas display temporal variations in lead (Pb) 
isotope ratios on time scales of years to centuries [1-3].  These 
rapid fluctuations in lava chemistry result from changes in the 
composition of the magma delivered to the volcano from a 
source within the Hawaiian mantle plume, which is 
heterogeneous on a small scale.  However, the processing of 
magma within Kīlauea’s shallow plumbing system blurs the 
isotopic signatures of mantle isotopic heterogeneity and masks 
the timing of melt delivery from the mantle.  Here we 
summarize the results of ~250 high-precision Pb isotopic 
analyses of Kīlauea lavas and juvenile tephra from prehistoric 
and historical eruptions.  The sample suite extends from the 
oldest tholeiitc basalts drilled from depths up to 1.6 km on the 
volcano’s flank to the ongoing summit (Halemaʻumaʻu) and 
rift zone (Puʻu ʻŌʻō) eruptions.  Mantle processes—from 
short-term changes in melt transport pathways [3, 4] to the 
upwelling of small-scale compositional heterogeneities 
through the melting region [2]—are the dominant control on 
the Pb isotopic variations.  However, these signatures are 
modulated by shallow magma mixing, depending on the 
number, size, and interconnectedness of the magma bodies 
beneath the volcano’s summit and rift zones, and the residence 
time of magma within them.  The effects of crustal 
contamination on the Pb isotope ratios of Kīlauea lavas are 
generally minor, except for a period of relatively low magma 
supply between 1912 and 1954, and the 3-week long initiation 
of the 2008 Halemaʻumaʻu eruption following 26 years of 
repose at the volcano’s summit.  Highlights of these crustal 
and mantle processes, and their effects on the Pb isotope ratios 
of Kīlauea lavas, will be presented. 
 
[1] Pietruszka & Garcia (1999) J. Petrol. 40, 1321-1342. [2] 
Marske et al (2007) EPSL 259, 34-50. [3] Greene et al (2013) 
Geochem. Geophys. Geosyst. 14, 4849-4873. [4] Pietruszka et 
al (2006) EPSL 244, 155-169. 
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The O2 content of the deep ocean is largely set by a 

chemical titration between O2 introduced from the atmosphere 
and organic carbon moving through the biological pump. A 
simple quantitative analysis of this relationship reveals two 
critical points. First, high concentrations of O2 in the deep 
ocean, particularly those characteristic of the modern Earth 
system, require relatively high atmospheric O2 unless the 
biological pump is extremely weak. Second, it is likely that the 
ocean would have remained pervasively reducing after the first 
dramatic rise in atmospheric O2 but prior to the later rise of 
atmospheric oxygen to near modern levels [1]. 

Pinpointing when pervasive deep ocean oxygenation first 
occurred has been a long sought after but elusive goal. This has 
been a tough question to tackle since we have essentially no 
Paleozoic or Proterozoic deep-sea record. We will provide a 
new range of estimates for the timing of this event from 
models of the evolution of the Mo isotope reservoir in Earth’s 
weatherable shell after the onset of deep-sea Mn oxidation and 
subduction—an event that more than any other marks true deep 
ocean oxygenation. Based on this approach we propose late—
i.e., Phanerozoic—permanent deep ocean oxygenation.  
 
[1] Canfield, D. E. A new model for Proterozoic ocean 
chemistry. Nature 396, 450–453 (1998). 
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African Dark Earths 

Anthropogenic Dark Earths are soils generated through 
long-term human inputs of organic and pyrogenic materials. 
These soils were originally discovered in the Amazon, and 
more recently in Africa [1]. African Dark Earths (AfDE) are 
formed through a soil management system that has long been 
an important feature of the indigenous West African 
agricultural repertoire. The results are black, highly fertile and 
carbon-rich soils that contrast from the original highly-
weathered infertile yellowish to red Oxisols and Ultisols. 

The objective of the current study was to characerize soil 
organic carbon stability in AfDE and non-DE surface soils. 
Carbon stabilization in AfDE 

Previous studies on Amazonian Dark Earths demonstrated 
significantly different organic matter properties compared to 
adjacent non-DE soils, attributable to high concentrations of 
ash-derived carbon [2,3]. We characterized carbon stability in 
several AfDE and non-DE pairs of soils using a novel 
combination of thermal analysis and radiocarbon techniques 
[5]. 

Results of thermogravimetric (TG) and CO2 evolved gas 
analyses (CO2-EGA) showed contrasting patterns during 
ramped combustion of AfDE vs. non-DE soils, with a distinct 
peak centered on 425-430°C in the AfDE soils. Four to five 
thermal “fractions” associated with different CO2-evolution 
regions were identified by peak deconvolution and analyzed 
for radiocarbon via NOSAMS’ custom thermal analyzer and 
accelerator mass spectrometer to further distinguish carbon 
stability of potentially pyrogenic versus non-pyrogenic inputs. 

 
[1] Solomon et al (2014) submitted. [2] Glaser et al (2012) 
Geochim. Cosmochim. Acta 82, 39. [3] Solomon et al (2007) 
Geochim. Cosmochim. Acta 71, 2285. [4] Plante et al (2013) 
Radiocarbon 55, 1077. 
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The International Monitoring System (IMS), which is 

currently built up by the Comprehensive Nuclear-Test-Ban 
Treaty Organization (CTBTO), continuously takes 
environmental measurements including atmospheric 
concentrations of several radionuclides. The characterization 
of the existing and legitimate background, which is produced 
mainly by Nuclear Power Plants (NPPs) and Isotope 
Production Facilities (IPFs), is of high interest to improve the 
capabilities of the monitoring network. Over 400 reactors at 
NPPs are currently in operation worldwide, while only five 
IPFs are considered to be continuously emitting relevant 
activity levels. Nevertheless, the emission strengths of typical 
nuclear power reactors are below the emission strengths of 
these IPFs; a typical IPF usually emits radioxenon in the order 
of magnitude or above the total of all operational NPPs 
together. Therefore, the long-term global radioxenon 
background is a result of many weak and a few strong sources. 

The emissions from legitimate sources can usually only be 
estimated. However, historic source terms of 133Xe emissions 
from the IPF at ANSTO, Sydney (Australia), have been made 
available in a daily resolution, and then applied together with 
Atmospheric Transport Modelling (ATM) to predict the 
concentration time series at two radioxenon monitoring 
stations: Melbourne (Australia) and Chatham Island (New 
Zealand). 

Moreover, following the Fukushima NPP accident, 
detections of 133Xe have been made in various locations. Using 
results of these remote measurements, the Fukushima 133Xe 
source term has been reconstructed and compared with 
previously estimated 137Cs and 131I source terms. 

Finally, feedback induced by local meteorological patterns 
on the equipment and on the sampling procedures has been 
included in the analysis to improve CTBTO event screening 
categorisation. The occurrence probability of radioxenon 
outliers has been estimated with a time series approach 
characterising and avoiding the influence of local 
meteorological patterns. 
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Humans’ relatively nacent ability to manipulate matter on 

the atomic scale marks a new era within the Anthropocene, one 
in which we are able to extract novel properties via 
nanomaterials that could not be realized in bulk counterparts of 
the same elements.  This has fostered a renewed interest in 
material exploration across the periodic table.  As a result, 
elements that were previously rare in consumer goods may 
become widely distributed via the production, use, and 
disposal of the relevant products.  In particular, material 
extraction of rare minerals from pristine areas and re-extraction 
of previously mined ores (i.e., “slag mining”) may enhance 
contamination of surface environments.  From the raw 
materials, some have raised concern that intentional fabrication 
of nano-sized particles will augment long-range transport; 
although, early evidence suggests this is not the case due to the 
rapid agglomeration of the high-surface-area materials.  In the 
use phase, when toxic elements are employed, manufacturers 
encapsulate the nanoparticles to prevent release (e.g., for CdSe 
quantum dots), but end-of-life product reclaimation strategies 
are few.  Implications for the influence of these activities on 
element cycling are poorly constrained to date.  Nevertheless, 
many of society’s grand challenges rely on such material 
innovation, and the production of novel chemicals always 
precedes a full description of the influence on the geochemical 
processes.  In this address, the author will highlight the 
important role of nanotechnology in overcoming society’s 
most pressing challenges, the current status and scale of those 
technologies, the potential influence on elemental global 
biogeochemical cycles, and finally, discuss measures taken to 
minimize the impact of these novel technologies on human and 
environmental health.   
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In the aquifer at the 300 Area of the Hanford Site in south-
central Washington, we observed increasing H2 at depth, along 
with decreasing O2 and NO3

-, within the fine grained Ringold 
formation, near its interface with the overlying coarse-grained 
Hanford formation. To characterize the microorganisms 
influencing this chemical gradient, we incubated sterile sand, 
in-well, across the redox transition.  

We detected H2-driven 99TcO4
- reduction in laboratory 

microcosms constructed from colonized sand from all depths, 
with a reduction maximum just below an observed interface 
between oxidized and reduced sediments within the Ringold 
formation (17 m bgs). From this depth, which was coincident 
with the highest in-situ NO2

- concentration, we isolated 11 
bacterial strains, including 5 Acidovorax species, from H2 + 
NO3

- enrichments.  
A representative Acidovorax strain, JHL-9, was selected 

for further experiments and genome sequencing. Under 
denitrifying conditions, JHL-9 could couple the oxidation of 
H2 to the reduction of pertechnetate (99TcO4

-), consistent with 
the presence of two NiFe hydrogenase genes in the genome 
[1]. Strain JHL-9, whose genome contains Rubisco CO2 
fixation genes, also grew lithoautotrophically on bicarbonate 
and H2, using either NO3

- or O2 as an electron acceptor, and 
was shown to harbor the genes necessary for full reduction of 
NO3

- to N2.  
The results suggested that H2-oxidizing bacteria such as 

Acidovorax could contribute to the maintenance of the redox 
gradient in the Hanford/Ringold transition zone and influence 
the migration of contaminants in the Hanford subsurface [2]. 
 
[1] Shi et al (2011) Appl. Environ. Microbiol. 77, 5584-5590. 
[2] Lin et al (2012) Environ. Microbiol. 14, 414-425.   
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Interaction with natural organic complexants such as 

humic substances can be decisive for the mobility of radiotoxic 
metals in case of release from an underground repository. 
Depending on the geochemical surroundings, their migration 
can be both enhanced and retarded. Models must be able to 
describe such complex systems by few parameters. According 
to the Linear Additive Model [1], total metal adsorption in the 
presence of humic matter is calculated by linking parameters 
for adsorption of both components and for their interaction 
with each other. The applicability of this approach is, however, 
not unanimously accepted. 

Clay rock is discussed as a potential host formation for a 
final repository, mainly because of its high adsorption 
capacity. This barrier function may, however, be subverted by 
screening or competition effects due to high salt contents of 
pore waters. Complexation of radionuclides with humic-like 
clay organics may cause an additional mobilisation. 

In this study, the influence of electrolyte concentration (up 
to 4 M) on interactions within the system Tb(III) / fulvic acid 
(FA) / Opalinus clay was investigated for the major electrolyte 
constituents of pore waters: Na+, Mg2+ and Ca2+. 160Tb was 
employed as a tracer analogue of trivalent actinides. FA 
(humic matter) was radiolabelled with 14C by an azo-coupling 
reaction. The sensitivity of radiotracer analysis allows 
experiments at low concentrations, in accordance with relevant 
scenarios. Complexation of Tb(III) with FA was investigated 
by means of ultrafiltration. For adsorption studies, clay 
suspensions were conditioned to a constant pH value of 5.0. 

Effects of Na+, Mg2+ and Ca2+ proved to be very different. 
On the whole, interaction of Tb(III) with FA and clay is 
suppressed at increasing electrolyte contents, whereas 
interaction of FA with clay is promoted because electrostatic 
repulsion is screened. For this reason, mobilising effects of 
humic-like complexants are generally counteracted in saline 
systems; metals are solely mobilised due to common salt 
effects. For the bivalent electrolytes, these relationships can be 
quantitatively described by the Linear Additive Model. 
 
[1] Zachara et al (1994) GCA 58, 553-566. 
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Chemical weathering is the main sink of atmospheric CO2, 
and hence the dominant driving force of both the long-term 
carbon cycle, and the shorter term carbonate saturation state of 
the oceans. However, variations in weathering over glacial-
interglacial timescales remain uncertain. This means that one 
of the key drivers of carbon levels in the atmosphere and 
oceans during time periods often used for predicting future 
climate change is poorly understood. 

 Marine weathering proxies tend to suffer from longer 
ocean residence times than glacial-interglacial timescales, and 
that expected weathering increases during warmer interglacials 
are balanced by increases in the continental surface area during 
glacials, meaning that typically ocean signals rarely see much 
variation in weathering during this time. Lithium isotopes are a 
more unambiguous weathering tracer than more traditional 
radiogenic isotopes (such as Sr or Os). Li is almost entirely 
situated in silicates, rather than carbonates, and its isotopic 
fractionation in rivers is demonstrably due to the intensity of 
silicate weathering. A number of recent studies have started to 
reconstruct past weathering behaviour using Li isotopes in 
marine carbonates. However, Li suffers from a long ocean 
residence time (~1 Myr) and hence cannot be used to 
reconstruct rapid weathering changes. One way of 
circumventing this is to examine speleothem carbonates. In 
theory, this yields more local weathering information, allowing 
regional weathering reconstructions not afforded by marine 
proxies. 

We have conducted the first study of Li isotopes in 
speleothems, with samples from 2 well-characterised, well-
dated speleothems from Israel (the caves at Soreq and Tzavoa), 
spanning the past 200 kyr. The data show clear variations, with 
interglacials having significantly lower δ7Li than glacial 
periods, with average populations differing by ~6‰. We have 
also conducted analyses of modern speleothem carbonate, and 
their corresponding drip waters, allowing reconstruction of 
past drip water composition. Combined with analyses of 
overlying soils and rocks, this leads us to be able to reconstruct 
palaeo-weathering conditions during these climate change 
events.  
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In this study, we investigate minor and trace elements 
composition of deepwater fluids at sites of oil and gas 
discharge in Lake Baikal. The composition has been 
determined using a ICP-MS at samples of pore water in the 
sediments of mud volcanoes Malenky and K2 and of the oil 
seep Gorevoy Utes. Pore water of this sediments are notably 
enriched in some minor and trace elements relative to Baikal 
water and background pore water (Figure 1). According to our 
results, it is likely, deepwater fluids at this different sites 
originate from a common source. Meteoric waters may 
percolate deep into the crust along large faults flanking the rift 
basin, become heated due to the high geothermal gradient, that 
changes their chemistry, and then discharge through fault 
systems. Thus, the composition of submarine fluid water is 
produced by mixing of meteoric waters and leaching from the 
host rocks, and bears some contribution from deep water. Deep 
fluids can seep through the permeable faulted crust and thus 
provide enrichment in minor and trace elements. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1: The average composition minor and trace element of 
deepwater fluids at sites of oil and gas discharge in Lake 
Baikal of normalized by composition of Baikal water.  

 
This work was supported by Integration Project SB RAS 

No. 82, Programme of the RAS Presidium No. 23.8. 
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Understanding the elements cycles within the boreal and 

subarctic watsersheds is of primary importance for assessing 
the consequences of climate warming on elements fluxes from 
the land to the Artic Ocean. Chemical weathering and elements 
fluxes in the basaltic region of Central Siberia is highly 
distinctive because of the presence of permafrost conditions 
and the extremely large seasonnality in terms of water 
discharge and biological productivity. 

From previous studies we know that the transfer of 
elements and their speciation (dissolved versus colloidal) 
within these watersheds is strongly dependent on both the 
season and the size of the watershed. The spring flood period is 
marked by a sharp concentration decrease of soluble elements 
while organic carbon and insoluble elements strongly increase. 
During the base flow period of winter, the concentrations of 
soluble elements increase regularly.  

Whereas the main hydrochemical features of Siberian 
rivers have been constrained, the quantitative contribution of 
the main end-members bearing pools (bed rocks, soils, river 
suspended matter, organic litter, fresh vegetation) to overall 
dissolved river load still remains uncertain. Here we present a 
synthesis of Si, Mg, Ca, Zn and Cu stable isotope 
measurements in different mineral, organic and aqueous pools 
of permafrost ecosystems to unravel the different sources of 
elements exported from the watershed. Results indicate the 
important contribution of vegetation (larch needles, mosses, 
dwarf shrubs) and help to reveal the contribution of carbonates 
and sedimentary rocks within large river systems. 
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In the course of biomineralization, organisms produce a 

large variety of functional biogenic crystals that exhibit 
fascinating mechanical, optical, magnetic and other 
characteristics. More specifically, when living organisms grow 
crystals they can effectively control polymorph selection as 
well as the crystal morphology, shape, and even atomic 
structure. Materials existing in nature have extraordinary and 
specific functions, yet the materials employed in nature are 
quite different from those engineers would select. 

Utilizing high-resolution characterization techniques I will 
show that biogenic and bio-inspired crystals are very different 
than their synthetic and geological counterparts even at the 
level of the crystal structure and microstructure. Moreover, I 
will show how these structural distinctions can be utilized to 
produce man made synthetic materials with tailored functional 
properties. 
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We use time-resolved total x-ray scattering to monitor the 

heat-, and hydration-driven crystallization reaction of synthetic 
(prepared in the presence or absence of magnesium and/or 
phosphate ions) and biogenic amorphous calcium carbonate 
(ACC). PDF analysis was applied to follow the structural 
changes in the mineral during crystallization. We also relate 
the structural development of the different ACCs with 
information on the energy of the process derived from TGA 
and isothermal DSC measurements. Our results allow a 
mechanistic interpretation of the different crystallization 
pathways discussed in literature, solid-state transformation and 
dissolution-reprecipitation, in biogenic and synthetic systems, 
and of the role of additives in the stabilization and polymorph 
selection of ACC. 
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Manganese (Mn) is a groundwater contaminant of growing 

concern in North Carolina (NC). Consumption of high 
quantities of Mn in well water may lead to severe neurological 
problems, and ~50% of wells in NC have Mn concentrations 
that exceed the state standard of 50 μg L-1. Although Mn is 
naturally derived, specific sources of Mn to groundwater are 
generally unknown. Spatial patterns of concentrations, which 
range from ~0 to >2000 μg L-1, are variable, making it difficult 
to predict risks to exposure. 

The primary objective of this research is to identify the 
environmental factors that regulate dissolved Mn 
concentrations in groundwater of the NC Piedmont 
physiographic region. To accomplish this objective, chemical 
analyses of Mn in regolith, bedrock, and well-water samples 
from ten NC Division of Water Resources groundwater 
research stations are being integrated with existing state-wide 
well-water data, soil maps, and geology maps. A zone of solid-
phase Mn-oxide accumulation persists near the water table 
(~4.6-9.1 m), but solid-phase speciation – as determined by 
sequential extraction and X-ray absorption spectroscopy – is 
dominated by primary, less-reactive Mn-bearing minerals at 
deeper depths. Across the region, dissolved Mn concentrations 
in wells are generally highest just below the zone of solid-
phase accumulation and decrease with depth.  

These results suggest that weathering and near-surface 
cycling have led to Mn repartitioning and delivery to 
groundwater. Following accumulation near the water table, Mn 
is reductively mobilized and transported downward through a 
network of bedrock fractures, implying that integrated soil-
bedrock system analyses are needed for effective Mn 
prediction and management. 
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We calculated carbon β-factors for 258 hydrocarbon (HC) 

molecules and their fragments by Bigeleisen-Mayer equation 
using the rigid rotator – harmonic oscillator model. Normal 
frequencies of molecular vibrations of major (12C) 
isotopologues were taken from a database elaborated by Prof. 
Gribov et al. (1989, 2008). The normal frequencies for minor 
isotopologues were calculated substituting appropriate mass of 
12C isotope by that of 13C. Force constants, molecular 
geometry, interatomic distance and interchemical bond angules 
were supposed to be the same for major and minor isotopes. 
Temperature dependence of the β-factors were fitted by the 5-
order sign alternating polynomial: 

lnβ=Σ(-1)i-1Aix i ;   xi=106/T2 ; i=1,2,…5. (1) 
Galimov (1973, 2006) expressed the carbon β-factor as 

sum of increments of chemical bonds of carbon atom 
undergoing the 13C/12C isotope substitution. 

β  = 1+ ΣLi ,  (2) 
where L is the increment of the i-th chemical bond or the 
isotope bond number (IBN), depending on a kind of the 
chemical bond.  

We have referred the IBN to the logarithmic form:  
lnβ  = ΣLi ,  (3) 

providing better accuracy. We have postulated that the IBN for 
a given chemical bond depends on not only a kind of this 
chemical bond but also is affected by chemicals bonds which 
are its neighbors. Based on this postulate, we find that there are 
72 types of chemical bonds in HC with different IBN. 

Based on Eq. (3) and used calculated 258 β-factors, we 
have constructed redundant linear system of 258 equations 
containing 72 unknowns based on Eq. (3). Solving this system 
by the least squares method, we have computed the IBN for 72 
types of chemical bonds in the temperature range from 200 to 
800 K. The temperature depenedence for every computed IBN 
has been fitted by the polynomial (1). One can calculate the 
carbon β-factors for any HC using the 72 IBN found here. 
Uncertainty of such calculations does not exceed 0.0030 
(3.0 ‰) 298.15 K and 0.0018 (1.8 ‰) at 400 K. 
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Mineral and technological features of titanium minerals 
from placers (Russia, the Komi Republic, Pizhemskoe deposit) 
show prospects of physical methods of enrichment, including, 
magnetic separation. 

The magnetic susceptibility of minerals was studied. It is 
shown that magnetic properties depend on structure of surface 
hydroxyl cover of titanium minerals. Bulk magnetic properties 
of fine oxide mineral systems differ from surface and have 
complex correlation of interrelation. Thus, with increase in 
number of the adsorbed molecules of a gas phase (donor and 
the acceptor molecules) the value of a magnetic susceptibility 
tends to decrease.  

New experimental data of a magnetic susceptibility of 
titanium minerals and methods of their modification are 
obtained. It is shown that dehydroxylation of minerals 
influence on adsorbophysical characteristics. Thus there is a 
redistribution of quarts, leucoxene and rutile in magnetic and 
not magnetic fractions. 

 
The work was done under financial support of UB RAS 

(projects № 12-Т-5-1022 and 14-5-IP-52). 
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Each year the amount of organic carbon trapped in 

impoundments is comparable to the amount of organic carbon 
accumulating on the ocean floor [1]. The high trapping 
efficiency of dams and impoundments prevents the transport of 
sediment and organic material by rivers, and creates an ideal 
system in which to examine records of change in the terrestrial 
ecosystem over decadal to century-long timescales. This study 
uses the sediment record from an impoundment in northern 
California to examine the response of organic matter 
accumulation to flood events and land-use impacts in a 
mountainous watershed during the last century. Characteristics 
of the organic matter accumulation in impoundments were 
analyzed with stable carbon and nitrogen isotopes, lignin 
biomarkers, and lipid biomarkers (ie, sterols and fatty acids) 
from sediment cores collected from Englebright Lake.  

Biomarker signatures in Englebright Lake recorded the 
response of organic matter sources to the influence of dams 
and flood events in the watershed. The impact of dams on the 
transport of organic matter in the watershed was observed as 
an increase in the proportion of select sterol and long chain 
fatty acids after the construction of a dam across one tributary 
to Englebright Lake (p < 0.01). Additionally, sediments 
collected near the delta front captured the response of organic 
matter delivery associated with 1997 and 1964 flood events, as 
evidenced by higher concentrations of lignin biomarkers, 
indicative of terrestrial matter inputs, during these periods of 
accumulation (p < 0.01). The largest human impact to the 
Englebright Lake watershed, hydraulic gold mining, was 
observed in near-zero concentrations of lipid and lignin 
biomarkers, reflecting the extreme proccessing of sediments 
during the gold extraction procedure. 

Here we discuss the relationship between biomarkers and 
environmental impacts to demonstrate the value of examining 
sediments trapped behind dams as a way to measure the 
response of the terrestrial ecosystem to recent regional 
disturbances. 
 
[1] Downing et al (2008) Global Biogeochem. Cycles 22.  
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In Central and East Tennessee, economically significant 
Mississippi Valley-type zinc deposits occur in the Early 
Ordovician carbonates of the Knox Group [1]. Although they 
share the same host rocks, evidence suggests that the ores did 
not form from the same mineralizing fluids. The deposits of 
Central Tennessee are located in the foreland area of the 
Alleghenian orogenic belt, along the axis of the Cincinnati 
Arch, have no surface expression, and contain red-brown to 
black colored sphalerite that is enriched in the strategic metals 
Ga and Ge [2]. In contrast, the East Tennessee deposits are 
hosted in the overthrust belt of the orogen and exposed at the 
surface, the sphalerite has a pale yellow color [3] and shows no 
enrichment in Ga or Ge. 

Nu Plasma MC-ICP-MS Pb isotopic analyses on sulfides 
and whole-rocks were conducted and the metal sources 
evaluated. As previously suggested [4], it appears that thick 
shales of the Appalachian Basin have been the source of ore 
fluids, and ultimately of ore metals, that formed the East 
Tennessee deposits. However, the Pb isotopic compositions of 
sphalerites from the Central Tennessee deposits suggest that a 
more radiogenic crustal Pb source from the southern part of the 
Illinois Basin may represent the source of Pb isotopic signature 
of the ores. 

 
[1] Briskey et al (1986) Ir. Assoc. Econ. Geol. [2] Bonnet 
(2013) SGA Biennial Meeting 4, 1691-1693. [3] Kyle (1976) 
Econ. Geol. 71, 892-903. [4] Hoagland (1971) Econ. Geol. 66, 
805-810.  
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Radionuclides could be released through the different 

barriers of a high-level nuclear waste (HLW) disposal site into 
the host rock, when it gets into contact with groundwater. The 
fission product of 235U and 239Pu, the radionuclide 79Se plays an 
important role due to the long lifetime and the high mobility of 
its oxidized species Se(IV) and Se(VI). 

In the host rock, pyrite formation is an important sink for 
several radionuclides due to sorption and incorporation that 
could prevent the migration to the biosphere. This has been 
quantitatively demonstrated in our experiments, in which up to 
99 % of Se are removed from solution during pyrite 
precipitation at initial Se(-II) concentrations of 10-3 – 10-6 M. 

The Se-doted pyrite exhibit a Se content of up to 2 wt. % 
with a substitution of sulfur by selenium, suggesting a slightly 
distorted pyrite structure. The grain sizes of the Se-doted 
pyrites are between 1 to 2 µm. Although these results are 
similar to Diener et al. [1], the crystals show a different 
morphology. This can be attributed to the optimized synthesis 
process, in which it is possible to increase the purity of pyrite 
and Se-doted pyrite significantly [2]. The Se-doted pyrite 
exhibits a Se rich pyrite core with a radial epitaxial growth of 
long, slender prisms of pyrite crystals reflecting a fast 
consumption of Se during the formation of the core. The pyrite 
synthesis shows a core with a typical pyrite cube shape on 
which the long, slender prisms of pyrite crystals grew more 
regularly compared to the Se-doted pyrite. This result agree 
with the proposal by Sun et al. [3] suggesting an aggregate of 
smaller particles, due to an epitaxial growth rather than a 
continious crystal growth. 

 
[1] Diener et al (2012) J. Contam. Hydrol. 133, 30–39 [2] Kim 
& Batchelor (2009) Mater. Res. Bull. 44, 1553–1558 [3] Sun et 
al (2012) J. Colloid Interf. Sci. 388, 170–175 



 Goldschmidt2014 Abstracts  

 

1982 

1982 

Ten years of NIR mineralogy of 
Mars: From discovery to global and 

quantitative investigations 
F. POULET 

Institut d’Astrophysique Spatiale, Université Paris Sud, Orsay, 
France 

 
The chemical and physical effects of major planetary 

processes on Martian rocks of different age provide a record of 
the planet's past surface environment. One of the most 
successful techniques for determining these effects on the 
mineralogical composition is the visible and near-infrared 
imaging spectroscopy. During the last 10 years, visible and 
near-infrared imaging spectrometers have demonstrated the 
capability of deriving the surface composition of Mars by 
discovering and mapping various minerals (both aqueous-
related and igneous ones) from km- to tens of meter-scales, 
thus providing a new view of the volcanic and aleration history 
of the planet as well as critical data in guiding rover landing 
sites and operations. We will present the major results of 
relevance, primarily obtained by the OMEGA/Mars Express 
investigation, and discuss them in the more general framework 
of Mars exploration and evolution. The virtual global coverage 
of the planet by OMEGA has in particular provided an unique 
atlas comprising a series of maps showing the distribution of 
minerals formed in water and by volcanic activity. They create 
a global context for the dominant geological processes that 
sculpted the planet we see today. Thanks to the radiative 
transfer modeling, these complex spectral data can be 
deconvolved into mineral abundances. We will also present the 
modal mineralogy of selected mafic- and phyllosilicate-bearing 
terrains of different ages ranging from ~4By (Noachian period) 
to 100My (Amazonian period) exposed on the surface of Mars. 
The implications for the formation of these terrains will be 
addressed. 
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The study area is at the North East of Iran, in Sangan 

region from Khaf city. The climate of the region is predicted, 
based on Domarten is Meta-dry and Ambrjeh based on, desert 
moderated temperate. The main features of the weather shows, 
prevailing winds are from the Hindu Kush mountain range in 
Afghanistan. The wind speeds between 30 to 100 kilometers 
per hour, with an average daily rate of 80 kilometers per hour 
during the June to August. There is also known as the winds of 
120-day has created problems for residents and wildlife that 
ranged from 15 May to 15 October is blowing mines placer, 
the phenomenon dust. This study was conducted to investigate 
dust at Sangan area, using individual and environmental 
sampling, the value of environmental dust and respiratory rate 
were measured and analyzed by XRD. The analysis result 
shows the presence of silica, sulfur, phosphorus and heavy 
metals, spatially arsenic in the dust. According to the above 
results, using practical and implementing methods to reduce 
the value of biotech cement in dust is Essential . 
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The transfer of telluric radionuclides such as uranium and 

thorium to plants by roots uptake has been widely studied 
whereas the atmospheric deposition remains poorly known up 
to now. The main reason is the very low activity in the air 
(usually bellow 0.1 µBq.m-3) which remains difficult to 
measure. In order to circumvent this difficulty aerosols 
sampling was carried out downwind the releases of a nuclear 
fuel facility where plants species were also taken. The 
atmospheric releases by the nuclear facility involve mainly 
238U (about 200 kg.y-1) and 230Th which is emitted by artificial 
ponds containing radioactive wastes, under solid (mud) and 
liquid forms. Thus the activity of uranium and thorium 
isotopes was determined in aerosols filters, deposition 
collectors and plants by ICP-MS after acidic digestion. 

Compared to remote site, plants taken at the edge of the 
nuclear facility exhibit higher 238U and 230Th activity due to the 
atmospheric deposition [1, 2]. The atmospheric releases of 
these radionuclides is confirmed by the high 238U/232Th and 
230Th/232Th activity ratios recorded by both plants and aerosols 
as compared to the soil, usually considered as the major source 
of radionuclides in the terrestrial environment. Aerosols and 
plants data further allow the estimation of parameters useful 
for modeling consequences of releases in the environment 
namely the foliar transfer factors and the dry deposition 
velocity. 

 
[1] Pourcelot et al (2011) J. Env. Monit. 13, 1327-1336. [2] 
Jeambrun et al (2012) J. Env. Monit. 14, 2902-2912. 
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New Assesment Method 
Various energy sources, such as coal, oil, nuclear, solar, 

wind, hydro-energy, oceanic, biofuels, etc. have different 
impacts on the environment. However, usually only their 
operational impacts have been taken into account which did 
not include the total impact of the source on the environment 
from the beginning of its development to its deployment and 
long-term operation in the field. For example, in the case of 
solar energy it is generally believed that photovoltaic panels 
have minimum negative impacts on the environment, what is 
of course not true because their production consumes a lot of 
energy and requires utilization of environmentally non-friendly 
chemical procedures, as well as their operation requires large 
field surfaces.  

Results 
A comparison of total impacts of various energy sources 

on the environment will be presented, and environmental 
characteristics of coal powered stations with nuclear power 
plants operating in Slovakia will be discussed in detail. It will 
be documented that the environmental impacts of the coal 
powered stations are higher than the  impacts from the nuclear 
power plants. 
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The shear zones of the South Indian Granulite Terrain 

(SIGT) have gained significant attention in global tectonics in 
terms of Proterozoic East Gondwana reconstruction. The 
structural and kinematic analyses of these constituents have 
already contributed a lot to understand the tectonics of palaeo-
orogens, which may provide valuable information for the 
correlation of Gondwana fragments. For a critical appraisal of 
all conceptual models dealing with the tectonic evolution of 
SIGT, the study of the geochemical constrains, carried out so 
far, is not adequate. Since the Bhavani Shear Zone (BSZ) also 
bears evidences of extensive magmatic activity ranging from 
acidic to ultramafic intrusives, as multiple episodes of 
Precambrian mafic and ultramafic intrusions to younger 
basaltic dykes of Late Cretaceous origin. The present work is 
an attempt to discuss the characteristic geochemical and 
petrologic signatures of the gabbroic and associated dyke rocks 
which bear important relations with the timing and tectonics of 
amalgamation of the Gondwana supercontinent.  

Dykes of the present study exclusively belong to two 
groups with distinct field and chemical characteristics, both the 
groups containing cumulus/phenocryst olivine phase. The 
Group I dykes are dominated by gabbroic rocks and the Group 
II are doleritic in origin.  Tectonic discrimination and source 
mantle characteristics indicate that the Group I dykes are 
formed during the Proterozoic period, from a supra-subduction 
zone HIMU mantle with considerable amount of upper crust 
contamination.  The Group I dykes exhibit characteristics of 
both OIB and IAT and this variation within the group indicates 
the possibility of multiple emplacement characteristics or 
mixing of preexisting mantle source during the late-Archaean 
or early Proterozoic period. Crustal-scale reactivation and 
further movements of Gondwana fragments might have mixed 
new batch of mantle material to the preexisting magma 
chamber, leading to the MORB or tholeiite source 
characteristics of Group II dykes, which were emplaced after 
the shear zone reactivation. 
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 The CB carbonaceous chondrites differ from other chon-
drite groups by high metal content (up to 80 vol.%), signifi-
cant depletion in volatile elements, and nearly a complete lack 
of interchondrule matrix material. The CB chondrules have 
exclusively Mg-rich compositions and non-porphyritic 
textures; relict grains or igneous rims, indicative of multiple 
chondrule melting events, are absent. Based on these 
observations and young Pb-Pb age of CB chondrules, it was 
proposed that they formed during a single-stage highly-
energetic event in a late-stage protoplanetary disk, most likely 
in an impact-generated plume [1]. 

  Two Hammadah al Hamra (HH) 237 and 4 Gujba 
chondrules, all Mg-rich with skeletal olivine-pyroxene 
textures,  were irradiated at the University of Missouri 
Research Reactor, receiving 2×1019 thermal neutrons/cm3. 
Xenon was extracted by step-wise pyrolysis and its isotopic 
composition was measured by ion-counting mass-
spectrometry. The HH 237 chondrule #1 yielded a high 
precision isochron in the temperature interval 1300°C − 
1800°C. The release profile of iodine-derived 129*Xe characte-
rized by two peaks at 1350°C and 1600°C. Corresponding 
activation energies of ∼70 kkal/mol and ∼126 kkal/mol suggest 
distinct iodine-carrier phases that experienced simultaneous 
closure. Absolute I-Xe age of chondrule #1 anchored to 
Shallowater [2] is 4562.0 ± 0.4 Ma, which is in a good 
agreement with the U-corrected Pb-Pb age of the Gujba 
chondrules, 4562.52 ± 0.44 Ma [3] and HH 237  silicates, 
4561.9 ± 0.9 Ma [1]. The release profiles of iodine-derived 
129*Xe and U-fission 132Xe seems to correlate suggesting a 
common host. Simultaneous reseting of the I-Xe and Pb-Pb 
systems in CB chondrules, together with simultaneous closure 
of I-Xe system in different mineral phases within the same CB 
chondrule, supports chondrule formation due to highly-
energetic impact and following rapid cooling.   

Supported by NASA grant #NNG06GE84G. 
 
[1] Krot et al (2005) Nature 436, 989-992, [2] Gilmour et al 
(2009) M&PS 44, 573-579, [3] Bollard et al (2013) 
Goldschmidt Conf. Abstract #732. 
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Silicon and oxygen are the most abundant non volatile 
elements on Earth in the form of silicates. Both elements have 
three stable isotopes producing ½-slope, mass-dependent 
fractionation lines on a triple isotope plot of terrestrial samples 
caused by chemical and biological processes. Non-mass-
dependent variations in these isotope systems occur during 
stellar nucleosynthesis processes. Different methods have been 
used to analyze these isotopes from the same or separate 
aliquots of a sample including fluorination-IRMS [1,2], MC-
ICP-MS [3] and SIMS [4].  

We have made advances in precise determinations of Si-
and O-isotopes from a single aliquot of 1 mg silica using a 
fluorination-IRMS method. Bromine pentafluoride (BrF5) 
fluorination is used to extract oxygen and silicon tetrafluoride 
(SiF4) from the same sample after reaction in heated Ni-tubes. 
Triple O-isotope analyses are conducted on O2 gas collected 
using 5A molecular sieve. Triple Si-isotope analyses are 
conducted on SiF4 gas from the same sample after the 
collection of O2. Both Si- and O-isotopes are measured using a 
custom-built MAT 253 isotope ratio mass spectrometer. 

Replicate analyses of NBS-28 have a precision of 0.065‰ 
and 0.056‰ for δ29Si and δ30Si values, respectively. All Si-
isotope data are reported on an NBS-28 corrected scale. Using 
our method, the Diatomite SRM has a δ29Si-NBS-28 and δ30Si-NBS-

28 of 0.623 ± 0.060‰ and 1.269 ± 0.060‰, respectively, in 
good agreement with [5]. Silicified volcanic rocks possess 
δ30Si values close to 0‰, while chert bands in BIF have 
heterogeneous δ30Si compositions, which indicates multiple 
chert precipitation processes. The δ18O and δ30Si values of 
biogenic silica phytoliths varied little as a result of partial (up 
to 30%) dissolution, except under extreme pH conditions, 
indicating that phytoliths preserved in typical soils may be 
used as robust paleoclimate indicators. The δ30Si values among 
BSE, lunar, and enstatite chondrite meteorites vary from 0.3-
0.9‰ [6]. This variation requires better resolution to 
understand planetary processes and we are currently working 
to resolve these differences. 

 
[1] Leng & Sloane, 2008, JQS 23, 313-319. [2] Ding et al 
2004, GCA 68, 205-216. [3] Reynolds et al 2007, JAAS 22, 
561-568. [4] Basile-Doelsch et al 2005, Nature 433, 399-402. 
[5] Wille et al 2010, EPSL 292, 281-289.[6] Fitoussi & 
Bourden, 2012, Science 335, 1477-1480. 
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The sulfur isotopic composition of Carbonate Associated 

Sulfate (δ34SCAS) is routinely measured as a proxy for the 
composition of ancient seawater sulfate. However, the variance 
among geologic samples greatly exceeds analytical precision, 
resulting in noisy records and raising questions about the 
accuracy of the proxy. CAS analytical techniques commonly 
require large samples (>40μmol SO4

2-, normally >30g CaCO3), 
so integration of different components of sedimentary rocks 
formed at different times (fossils, other grains, matrix, and 
cements) may explain this scatter.  

To test if intra-sample variability explains noise in CAS 
records, we analyzed 5-10mg samples (20-100nmol SO4

2-) of 
different components from Late Ordovician-age hand samples 
collected on Anticosti Island, Canada. We observed a δ34SCAS 
range up to 21‰ between components in the same sample 
using a new sulfur isotope MC-ICP-MS analytical technique 
on aqueous samples [1]. The component with the least 
variability (up to 2‰) is the secondary fibrous layer of 
brachiopod fossils, which were independently demonstrated to 
have little diagenetic alteration [2]. Micritic cement matrix, 
often chosen for CAS analysis, is 5‰ to 15‰ lighter than 
contemporaneous brachiopods. Coarsely recrystallized fossils 
and late cements are enriched up to 6‰ from brachiopods. 

We confirmed that brachiopods may provide good archives 
for seawater δ34S: the measured value of a modern brachiopod 
(20.52±0.11‰, V-CDT) is very slightly depleted relative to 
modern seawater (20.97±0.10‰, V-CDT) [1]. 

With a bulk-rock δ34SCAS  record from Anticosti Island with 
8‰ variance, Jones and Fike [3] argued that the δ34S of 
seawater sulfate did not fluctuate along with carbon and pyrite-
sulfur isotope excursions during the End-Ordovician Mass 
Extinction. Our analysis of less-variable brachiopods also does 
not record a δ34SCAS excursion, and supports their hypothesis. 
 
[1] Paris et al (2013) Chem. Geol. 345, 50-61. [2] Finnegan et 
al (2011) Science 331, 903-906. [3] Jones & Fike (2013) EPSL 
363, 144-155. 
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Barium (Ba) concentration in marine sediments is used as 
paleoproductivity proxy but some limitations in the 
understanding of the oceanic Ba cycle weaken this use. The 
use of Ba isotope ratios may help to better constrain the 
oceanic Ba cycle, thus bypassing the limitations in 
paleoproductivity reconstruction.  

Measurements of the Ba isotopic composition of biogenic 
marine carbonates provided us with a first order view of the 
marine Ba isotope cycle. Coral skeletons, in particular, allow 
us to estimate the isotopic composition of dissolved Ba in the 
growing milieu.  

The results of the present study show heterogeneous 
δ137/134Ba values from the same coral genus (Porites sp.) from 
different locations. Even if some minor variability of the 
δ137/134Ba values are observed within the same monitored 
experimental environment, the observed coral heterogeneity is 
best explained by differences in the local seawater isotopic 
composition. Further, the Ba isotopic fractionation between 
seawater and coral skeleton follows a similar pattern as 
experimental inorganic precipitations[1,2]. 

 Thus, coral skeletons are a promising archive for Ba 
isotope variations in the oceans, potentially allowing us 
reconstructing the Ba isotope composition of seawater through 
time and space.  

 
[1] Böttcher, M. E. et al Isotopes in Environmental and Health 
Studies 48, 457–463 (2012). [2] von Allmen, K. et al Chemical 
Geology 269, 210–219 (2010). 
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The Campanian Volcanic District is located in the middle-

southern part of the Campanian plain with the Campi Flegrei 
Volcanic Field and the Monte Somma-Vesuvio strato-volcano. 
In this project, degassing processes during magma ascent are 
realized by using continuous decompression experiments with 
a synthetic trachytic 39 ka Campanian Ignimbrite (CI) melt 
composition.  

So far, the experiments were performed in an internally 
heated argon pressure vessel coupled with a high-pressure low-
flow metering valve and a piezoelectric nano-positioning 
system using a starting pressure of 200 MPa, H2O content of 
about 5 wt% and two different decompression rates (0.024 and 
0.17 MPa·s-1) at a superliquidus temperature of 1050 °C to 
ensure a crystal free melt and a homogeneous bubble 
nucleation. Experiments were conducted with both, glass 
powder and cylinders, subsequently decompressed to 50, 75 
and 100 MPa and rapidly quenched.  

The influence of the two different starting materials on the 
degassing behavior was recognized. Analyses of BSE-images 
revealed a different degassing behavior of glass cylinder 
experiments compared to powders, where the first nucleation 
of bubbles is initiated at higher pressure (smaller ΔP) by 
dissolved nitrogen (from trapped air between the single glass 
grains). Nitrogen, has a low solubility in silicate melts (75-150 
ppm per 100 MPa [1]), supporting our suggestion that the 
nucleation of bubbles using glass powder as starting material is 
triggered by dissolved nitrogen. The same effect was observed 
by repeating these experiments with a phonolitic Vesuvius 
79AD composition. Besides H2O content and target pressure, 
changes in decompression rate lead to significantly different 
degassing behavior of the melt when comparing both starting 
materials. A decompression rate of 0.17 MPa·s-1 generate more 
and smaller bubbles limited by H2O diffusivity in the melt 
compared to a slower decompression rate of 0.024 MPa·s-1.  

In ongoing experiments, approximately 0.4 wt% chlorine 
(average Campanian Ignimbrite melt inclusion data [2]) will be 
added as a volatile component to study the influence on the 
degassing behavior of hydrous CI melt.  
 
[1] Carroll & Webster (1994) RiMG 30(1), 231-279. [2] 
Marianelli et al (2006) Geology 34(11), 937 



 Goldschmidt2014 Abstracts  

 

1992 

1992 

Sulfate sulfur (δ 34S) isotope 
measurements by MC-ICP-MS  

MICHAEL J. PRIBIL1*, POUL EMSBO2  
AND  W. IAN RIDLEY3 

1,2,3United States Geological Survey, Denver, CO 80225, USA 
(*correspondence: 1mpribil@usgs.gov, 
2pemsbo@usgs.gov, 
3iridley@usgs.gov) 

 
A new method implementing an isotope calibration curve 

correction for sulfate-sulfur (SSO4) isotope ratio measurements, 
34S/32S (δ34S), using a desolvating nebulizer and a laser ablation 
(LA) introduction system coupled to a multi-collector 
inductively coupled plasma mass spectrometer (MC-ICP-MS) 
was developed to improve accuracy of δ34S measurements.  
Standard sample bracketing (SSB) is a mass bias correction 
method utilizing a single standard, typically for narrow range 
(per mil) isotope systems commonly measured by MC-ICP-
MS. However, variations in δ34S for natural samples (as great 
as 80‰) exceed the mass bias correction capability of a single 
SSO4 isotope standard. This study demonstrated improved 
accuracy using SSB isotope calibration curve correction for 
SO4 δ34S over a large δ34S range for both solution and solid 
samples. Two National Institute of Standards and Technology 
(NIST) SSO4 isotope standards and a USGS M-158 reference 
material were evaluated using both SSB and SSB isotope 
calibration curve correction (Fig 1). The δ34S is reported to 
CDT (±0.2‰).  

Figure 1: SSO4 calibration curve for δ34S from -12.4‰ to 
+21.0‰ for solution SO4 reference materials (SSB=10.0‰).  
 
Sample           SSB     SSBcorrection Reported 
NIST 8553       17.6‰      16.8‰  16.9‰ 
NIST 8556       17.8‰      17.1‰  17.1‰ 
USGS M-158     0.2‰       1.4‰    1.4‰ 

Analyses by LA-MC-ICP-MS resulted in similar 
calibration curves and isotope corrections as the solution 
samples. The isotope calibration curve correction method is 
necessary to accurately measure solution and solid SSO4 
isotopic composition by MC-ICP-MS when using SSO4 as a 
SSB.  
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The influence of heavy-ion irradiation on the solubilities of 

natural sorosilicate epidote-group minerals has been 
investigated as these  calc-silicate minerals are capable of 
consuming atmospheric CO2 over geologic time when soluble 
during subaerial chemical weathering. The experimental 
design was to calculate the α-particle dose for actinide-rich 
epidote-group grains from Yangtze delta sediment.  Because 
the Yangtze watershed is one of the world’s largest, it was 
presumed that the delta should yield a suite of epidote-group 
grains spanning the range of compositions and radiation 
damage commonly observed in nature for grains typically 
resistant to dissolution.  Therefore, the highest α-particle dose 
calculated for the suite of grains should represent a solubility 
threshold for the epidote-group minerals during weathering.     

A total of 28 Th-rich epidote-group grains were isolated 
from Yangtze delta sediment samples, with 24 being classified 
as allanite and four as REE-rich epidote.  Isotopic ratio data 
were measured by laser ablation microprobe-inductively 
coupled plasma-mass spectrometry. To predict the likelihood 
of an accessory epidote-group mineral dissolving during 
chemical weathering, the α-particle dose can be determined 
from the age of the rock, even if estimated, and the 
radioactinide concentrations of the mineral.    

The calculated maximum α-particle dose of the suite of 
Yangtze delta epidote-group mineral grains, and hence the 
solubility threshold, is 7.1 x 1015 α-decay mg-1.  This value is 
approximately double that reported for zircon [1].   A 
calculated α-particle dose below ~7.1 x 1015 α-decay mg-1 
therefore, likely indicates epidote-group mineral stability 
during chemical weathering.  Calculation of the α-particle dose 
may be superior to visual observation of epidote-group mineral 
dissolution as epidote-group minerals may occur as accessory 
phases, as relatively small grains, and/or be heterogeneously 
distributed in the bedrock and, hence, regolith. 

 
[1] Balan et al (2001) Am. Mineral. 86, 1025-1033. 
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Identifying and quantifying the dominant sources of water 

(meteoric, surface water runnoff, groundwater discharge, and 
seawater) to estuaries is important for determining a balance of 
water, nutrients and other chemical constituents to the estuary.   
By observing llinear relationships between the stable isotopes 
of oxygen and hydrogen with salinity, different sources  of 
fresh water can be discerned spatially across an estuary.  This 
technique proved usefull in determining between meteoric and 
surface water runoff, in both brackish and hypersaline estuaries 
[1,2].  When combined with strontium and calcium 
concentrations, the proportion of fresh versus brackish 
groundwater inputs from carbonate aquifers  to an estuary can 
also be discerned [3,4].  The use of these naturally occurring 
geochemical tracers have been used to successfully identify the 
dominant sources of water to estuaries in the USA, Mexico, 
and Australia. In the hypersaline estuaries of Florida Bay, USA 
and Shark Bay, Western Australia, surface water runoff 
contributed closer to the coastline, while meteoric water was 
the dominant source of freshwater away from the coastline.  
Fresh groundwater was found to contribute 2% of the total 
volume in Biscayne Bay, USA and 25% in Celestun, Mexico. 

 
[1] Swart & Price (2002) Limnol. and Ocean, 47, 1234-1241.  
[2] Price et al (2012) Marine & Freshwater Research, 63, 952-
966. [3] Stalker et al (2009) Estuaries and Coasts, 32, 694-
708. [4] Stalker et al (2014) Estuaries and Coasts, in press.  
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Core formation is a major event during planetary 

differentiation, but the conditions during core formation on 
planetesimals are not well understood. However, the 
partitioning of elements between metal and silicate during 
core-mantle differentiation may induce condition-dependent 
isotopic fractionations. Silicon is one element that shows such 
isotopic fractionation, exhibing light isotope enrichment in the 
metal phase under distinctive conditions of pressure, oxygen 
fugacity and temperature. Recent studies have observed heavy 
Si isotope enrichments in basalts from both Earth [1, 2] and the 
asteroid 4-Vesta [3], which were interpreted as evidence for 
the incorporation of isotopically light Si into the cores of these 
bodies. 

Here we present new high-precision Si isotope data for a 
suite of achondrites, including angrites, ureilites, and 
lodranites. The ureilites and lodranites have chondritic Si 
isotope compositions, indicating that processes during the 
accretion and differentiation of their respective parent bodies 
did not fractionate Si isotopes. In contrast, angrites exhibit 
among the largest Si isotope fractionations observed to date in 
basaltic materials (on average δ30Si = -0.33 ± 0.06 ‰), with Si 
isotope compositions similar to terrestrial basalts.  

Angrites are among the oldest and most volatile-depleted 
differentiated rocks in the solar system. There are two major 
parent body processes that could have resulted in the observed 
Si isotope composition of angrites: (1) loss of isotopically light 
Si during the devolatilization event or (2) partitioning of 
isotopically light Si into the metal phase during core formation. 
If metal-silicate differentiation is the cause of the heavy Si 
isotope enrichment in angrites, this implies that the angrite 
parent body experienced core formation under highly reducing 
conditions with a subsequent oxidation of its shallow mantle. 
 
[1] Fitoussi et al (2009), EPSL [2] Georg et al (2007), Nature 
[3] Pringle et al (2013), EPSL 
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Childressi mussel’s shell growth can be directly influenced 

by methane concentrations from cold seeps. The aim of this 
study is to identify the source of nutrients to mussels shells 
collected from canyons off the U.S. east coast in Virginia 
(Norfolk and Baltimore Canyons) by measuring their stable 
isotope (carbon, oxygen, and sulfur) values. Eight mussels 
collected in May 2013 with the ROV Jason II from the Norfolk 
Canyon cold seep at 1600-1475 m were selected for sampling.  
There were also four alive Childressi mussels and three dead.  
Preliminary resutls yield a range of isotopic values from -
16.74‰ ≤ δ13C ≤ 1.61‰ and 2.84‰ ≤ δ18O ≤ 5.13‰. Mussels 
that were dead at the time of ROV collection have a lower 
average δ13C value than those that were alive, due to either 
proximity of mussels to methane seeps or the concentration of 
methane at the time in which they were alive. The Childressi 
species had a lower δ13C value than those of the Boomerang 
species. The Boomerang relies on different kinds of bacteria 
and not just methanotrophic bacteria. The δ18O remains fairly 
consistent throughout the mussel shells within the Norfolk 
Canyon, which suggest constant temperatures. Despite our 
hypothesis that the Bathymodiolus species rely solely upon 
methane for their carbon within the Norfolk Canyon, our δ13C 
data suggests this is not true. Instead other inorganic 
compounds and different bacteria species assist in providing 
carbon to the mussels. 
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A major concern to the health of coral reefs is the delivery 

of terrestrially-derived constituents from submarine 
groundwater discharge (SGD). Along the arid Kona Coast of 
Hawaii, groundwater discharge is the predominant vector for 
material transport to the coastal ocean. This study reports on 
the delivery and biogeochemical transformations of trace 
element and nutrient loadings from a suite of mixing 
experiments using two contrasting groundwater endmembers. 
One set was performed using ‘pristine’ groundwater from a 
nearby lava tube, while the other set was conducted using 
groundwater collected downstream from a waste water 
treatment plant (WWTP). Groundwater endmembers were 
mixed with local open ocean seawater to construct salinity 
gradients.  Mixtures were filtered through 0.45 or 0.02 μm 
filters to examine the potential role of colloids on trace metals. 
Trace metal concentrations were nearly identical between the 
filtered aliquots, indicating that colloidal transport of trace 
metals is not a major factor in the delivery from local 
subterranean estuaries, consistent with low suspended 
particulate matter (SPM) in the GW endmembers. Nutrients 
exhibit conservative behavior across the salinity gradient but 
nutrient concentrations were less than or equal to 
concentrations from mixing alone, suggesting removal from 
the WWTF effluent as the GW moves downslope.  A 
comparison between the two mixing gradients illustrates that 
the chemical composition of SGD is controlled by mixing with 
WWTF effluent, ambient GW, and SW, and natural nutrient 
removal processes.   
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Vanadium boasts plentiful oxidation states at terrestrial 
conditions, enticing study and speculation that its stable 
isotope variations are a potential proxy for oxygen fugacity 
(fO2). Sadly, such a direct link between isotope composition 
and fO2 is currently far from convincingly demonstrated. 
However, a small but growing dataset of V isotope variations 
exist and provide a baseline with which to compare magmas of 
different tectonic settings [1-3]. MORB have invariant V 
isotopes, irrespective of ocean basin, radiogenic isotope 
composition or common alteration processes [1]. Here we 
compare the tightly constrained MORB signature with 
subduction-related magmas, conventionally thought to arise 
from ‘more oxidized’ mantle sources. We show that, for a 
given MgO content, V isotopes are identical within analytical 
error between arc basalts from the Marianas and MORB. 
Furthermore, a striking trend to heavy isotope compositions 
with continued magmatic differentiation in Mariana lavas begs 
an explanation. Fractionation of magnetite is our prime 
suspect. We have therefore perfomed reconnaisance 
measurements of natural magnetite from different tectonic 
settings and find a large range in isotope values, comparable to 
that seen during differentiation (~2 per mil). Teasing out the 
direct controls on isotope variation (fO2, composition, co-
ordination chemistry…or some currently intangible 
parameter?) by measurement of experimentally synthesized 
material is now an essential step in establishing how the V 
isotope variations in spinel phases such as magnetite, 
ubiquitous to igneous processes, may be best utilized. The 
natural variation of V isotopes measured thus far is large, as is 
the continued allure of this isotope system to fulfill its potential 
as a powerful petrogenetic indicator. 
 
[1] Prytulak, et al 2013. EPSL 365, 177-189. [2] Prytulak, J., 
Nielsen, S.G., Halliday, A.N. 2011. Geostand. Geoanal.  Res. 
35, 307-318. [3] Nielsen, S.G., Prytulak, J., Wood, B.J., 
Halliday, A.N. 2014. EPSL, 389, 167-175. 
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Recent studies have shown that 182W isotope 
heterogeneities present in the Earth’s mantle were long-lived 
and can be used to explore key processes in the early evolution 
of the Earth, such as mantle differentiation by magma ocean 
crystallization, crustal extraction, and late accretion [1-3]. The 
3.8 Ga Isua rocks [1], the 2.8 Ga Kostomuksha komatiites [2] 
and the >3.6 Ga Nuvvuagittuq supracrustal rocks [3] all have 
~15 ppm 182W excesses, which are similar to the predicted W 
isotope composition of the mantle prior to late accretion. 
However, the mantle source of the Kostomuksha komatiites 
had highly siderophile element (HSE) contents similar to 
primitive mantle (PM) estimates [4], which is inconsistent with 
derivation from a mantle reservoir with pre-late accretionary 
abundances of HSE. Instead, their mantle source likely 
contained either an ancient component formed by magmatic 
differentiation or via metal-silicate equilibration during the 
lifetime of 182Hf [2]. The absence of a genetic relationship 
between W and HSE in the Nuvvuagittuq samples most likely 
reflects open-system behaviour with regard to W, precluding 
discrimination between late accretion and early magmatic 
differentiation mechanisms [3]. 

Here, we present new 182W, 142Nd, and 186Os data for 2.4 
Ga komatiites from the Vetreny belt, which are characterized 
by calculated HSE abundances in their mantle sources of ca. 
60% of the PM estimates [5]. All Vetreny komatiiites analyzed 
so far show small 182W excesses of +5.9±1.6 ppm (2σ SE) but 
no 142Nd anomalies (µ142Nd = +0.2±1.0, 2σSE) and chondritic 
initial ε186Os = +0.03±0.02  (2σSE). Correlations between W 
and MgO or Cr contents indicate that variations in W 
abundances of Vetreny komatiites are largely controlled by 
fractional crystallization after lava emplacement, and, hence, 
are primary. Although the parental melt of the Vetreny 
komatiites experienced a small degree of crustal assimilation 
en route to the surface (~7%, [6]), these effects must have been 
minor with respect to W isotopic composition because the 
TTGs underlying the Vetreny Belt are characterized by low W 
contents (54-170 ppb). Consequently, the 182W excesses in the 
Vetreny komatiites must reflect the anomalous W isotope 
composition of their mantle source. The lack of 190Pt-186Os and 
146Sm-142Nd fractionations suggests that the mantle source of 
the komatiites was not a by-product of early mantle 
differentiation or metal-silicate equilibration. Based on 
coupled W and HSE data, the source likely included a mantle 
reservoir partially preserved from late accretion, suggesting 
long-term preservation of pre-late accretionary mantle. 
[1] Willbold M. et al (2011) Nature 477, 195 [2] Touboul M. 
et al (2012) Science 335, 1065 [3] Touboul M. et al (2014) 
Chem. Geol., submitted. [4] Puchtel I.S. and Humayun M. 
(2005) GCA 69, 1607 [5] Puchtel I.S. and Humayun M. (2001) 
GCA 65, 2979 [6] Puchtel I.S. et al (1997) GCA 61, 1205 
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 The study of deep-subsurface sediments has been a matter 
of growing interest in the recent years, since the potential 
discoveries could greatly alter our views of the global 
biogeochemical cycles. However, most of the studies in that 
subject have been performed in marine sediments, while the 
information on the continental subsurface is still scarce. The 
Iberian Pyrite Belt (IPB, southwest of Spain) is a massive 
sulphide deposit that fuels the unique extreme ecosystem of 
Rio Tinto. Additionally, it's subsurface is considered to be a 
good Mars analogue because of the presence of jarosite and 
related sulphate minerals. Previous studies had already found 
evidences of litotroautotrophic microorganisms down to a 
depth of 166 meters below the surface (mbs) [1]. In order to 
gain further information on this matter using massive 
sequencing techniques, a 613 m deep borehole was performed 
in the context of the European Research Council project 
IPBSL (Iberian Pyrite Belt Subsurface Life) [3]. Microbial 
presence throughout the borehole was studied by a mixture of 
Illumina and 454 high-throughput sequencing of the 16S rRNA 
gene, as well as by using a 450 antibody-containing microarray 
specially designed for the search of microbial biomarkers [2]. 
The results revealed the presence of an endolithic community 
adapted to the dry conditions of this deep-bedrock ecosystem, 
with many members bearing similarity to extremophilic 
bacteria found in deserts and permafrost. Several signatures 
from litoautotrophic bacteria such as sulphate and iron 
reducers were also retrieved. These preliminary results allowed 
us to generate a vertical profile of the microbial communities 
that were present in the deep subsurface of the IPB, and will 
prove of great value to the understanding of 
geomicrobiological cycles in continental deposits. 

 
[1] Puente-Sánchez et al (2013). Geobiology 12: 34-47. [2] 
Parro et al (2011), Astrobiology 11: 969-96. [3] We'd like to 
express our thanks to the whole IPBSL team. 
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The fossil record of pollen and spores is a natural archive 

that serves as one of the primary paleobiological sources for 
recon-structing terrestrial paleoclimate, as the bioclimatic 
preferences of the parent plant can be used to estimate 
paleotemperatures and paleopreciptation. However, because of 
the morphological similarities among pollen and spores within 
a single genus, and among many genera within certain 
families, the identificat-ions of pollen material are of variable 
taxon-omic rank. This means that characterizations of fossil 
assemblages for paleoclimatic reconstructions are primarily at 
the biome level. However, the biome approach fails when 
faced with plant assemblages that are not analogous to any 
modern biome. 

I present an alternate approach for inter-preting 
palynological data, which rests on three modifications its 
collection and analysis. First, improvements in microscopy 
provide additional morphological data and allow improved 
discrimination of morphotypes. I present work demonstrating 
advanced optical microscopic techniques such as super-
resolution structured illumination microscopy (SR-SIM) and 
confocal high resolution differential interference contrast 
microscopy (C-HR-DIC). Second, quantitative analyses of 
morphology provide finer and more consistent taxonomic 
classifications. I present collab-orative work demonstrating the 
power of numerical and machine-based methods in providing 
species-level classifications for two model datasets: black and 
white spruce and grasses. Third, paleoclimate reconstructions 
can be based on the probabilistic bioclimatic distributions of 
individual taxa, combined using maximum likelihood. I 
present the results of collaborative work estimating subtropical 
Holocene precipitation records. 

The combination of these approaches will lead to more 
accurate and more dynamic reconstructions of paleoclimate.  
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The objective of this research is to understand how rare 
earth elements (REEs) may be mobilized by interaction of 
aqueous solutions with pilot plant tailings from a proposed 
mine.  The deposit is hosted within a hydrothermally altered 
layered nepheline-sodalite syenite. The tailings consist of K-
feldspar, albite, quartz, biotite, and Fe-oxides with <5% of the 
ore minerals: zircon, fergusonite, allanite, monazite, bastnäsite. 
A series of shake flask tests were used to mix Nechalacho pilot 
plant tailings 3 to 1 by weight with 3 different waters: distilled 
deionized water (pH 5, ionic strength I = 0), lake water (pH 8, I 
= 0.005), and water from the pilot plant processing (pH 8, I = 
0.05). The flasks were gently agitated on an orbital shaker at 
150 rpm for 24 h at both 25°C and 4°C. For environmental 
assessment, metals in solutions filtered to 0.45 µm are usually 
considered to be dissolved and potentially bioavailable. For 
our experiments, the decants were first filtered at 0.45 µm, 
then at 10 nm, with the total REEs in the two filtrates varying 
between the three water types: DI water (12 µg/L REE <0.45 
µm; 0.8 µg/L <10 nm), lake water (3 µg/L; 1 µg/L), and water 
from pilot plant processing (5.5 µg/L; 4 µg/L). The [REE] in 
the colloidal phase ([REE]colloids = [REE]0.45 – [REE]0.01) 
increased with decreasing ionic strength, while the [REE] in 
the dissolved fraction (10 nm filtrate) increased with increasing 
ionic strength. For example, 90% of the Ce was colloidal in the 
DI experiment, 80% in the lake water, and 50% in the pilot 
plant water. The 10-nm filters were examined by scanning 
electron microscope and synchrotron-based microXRF and 
microXRD. Those from the DI experiments contain fine ore 
particles, while those from lake and pilot plant water contain 
Fe and Mn oxyhydroxides. Of the REEs that do occur in the 
dissolved phase, aqueous speciation modelling indicates that 
only a small fraction (< 1%) will occur as free ions, generally 
considered the bioavailable fraction.  These results suggest that 
REEs are not easily leached from these ore minerals, but 
concentrations of REEs present as tiny ore particles or colloids 
may appear to be dissolved in aqueous solutions filtered to 
<0.45 µm.  

 
. 
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Trace elements in high Fo (>87) olivines suggest that three 

plumes (Hawaii, and the Emeishan and Deccan Large Igneous 
Provinces, or LIPs) are unlikely to carry core-derived material. 
While Ni is enriched at Hawaii compared to the EPR, 
Emeishan and Deccan fail to show a Ni-enrichment. In 
addition, the LIPs are enriched in Co, while Hawaii is not, and 
none of the three plumes are enriched in other light or 
moderately siderophile elements (LMSE; e.g., Ga, V or Zn). 
And while both LIPs are enriched in Mn, Hawaii has less Mn 
than at the EPR. Given these inconsistent LMSE enrichments, 
it is difficult to ascribe Ni enrichments at Hawaii or elsewhere 
to a core or core-reacted component. However, our high Fo 
olivines reveal distinct plume enrichments in Ti and Cr at all 
three plume localities. We also see LIP (but not Hawaiian) 
enrichments in Sc and Cu. Enrichments in Ti and Cr are not 
easily explained by a pyroxenite source, as bulk partition 
coefficients are about double those for a peridotite mineralogy. 
But neither is it clear that Ti and Cr can be explained by partial 
melting. We tentatively conclude that high Ti and Cr 
characterize a deep mantle source, close to where plumes 
nucleate (and so common to all plumes), and that LIP-
restricted enrichments (Cu, Sc, and Na at both LIPs; Zn and Al 
at Emeishan) reflect LIP-distinct sources or processes that 
cannot be generalized to the mantle as a whole. 
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The interaction between olivine surfaces and water 

molecules is of interest over the whole range of extraterrestrial 
and terrestrial environments. The question of the origin of 
water on Earth has raised the issue of whether it is likely that 
water molecules formed in the solar nebula could adsorb to 
olivine dust particles and survive accretion during planetary 
formation. Atomistic simulations examining adsorption 
energies of water molecules on forsterite grains suggest that, 
depending on the nature of the olivine surfaces, this may be 
possible. We review the computational evidence for this being 
a plausible mechanism for the origin of water on Earth.  

At terrestrial conditions the reaction of olivine surfaces 
with aqueous solutions results in a wide range of possible 
hydration reactions, depending on the fluid composition. The 
role of the olivine-fluid interfacial solution in controlling these 
reaction mechanisms and the origin of so called “leached 
layers” on olivine surfaces will be discussed in the light of 
recent experimental data as well as observations of olivine 
alteration in the field. 
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When the dissolution of a mineral results in an interfacial 
fluid composition that is supersaturated with respect to a more 
stable phase, nucleation on the surface of the dissolving 
mineral is generally not the rate-controlling step in the 
equilibration process. Nucleation within this interfacial fluid 
results in a coupling between the dissolution and nucleation 
rates such that dissolution is the rate-controlling step in the 
reequilibration process. We investigate the mechanism of such 
reequilibration processes by in situ observations in a fluid cell 
of an Atomic Force Microscope and macroscopic experiments 
in batch reactors. The dissolution of calcite in an aqueous 
solution containing anions that can form low solubility phases 
with Ca2+ such as phosphates, or oxalates demonstrates the 
phenomenon of autocatalysis i.e., the feedback between 
dissolution and precipitation that results in a pseudomorphic 
replacement. We will discuss how factors such as molar 
volumes, epitaxial relations and relative solubilities between 
parent and product phases control the replacement mechanism. 
These replacement processes are ubiquitous within the Earth 
wherever aqueous fluids occur and are important in such large-
scale processes as metamorphism, metasomatism, weathering, 
as well as providing environmental remediation strategies for 
the capture and removal of toxic elements in aqueous fluids, 
both in natural and industrial systems. 
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Archean (up to 3.5 Ga) and Paleoproterozoic formations 
are known in the section of the Ural Lower Precambrian.  

According to material characteristics and metamorphic 
features, we distinguish the following polymetamorphic 
complexes: gneiss-granulite, gneiss-migmatite, crystalloschist, 
granulite-metabasite, eclogite-gneiss, and eclogite-schist [1]. 

The lowest age of metamorphic processes in granulite 
complexes (gneiss-granulite and granulite-metabasite) is 
limited by 2.8-2.7 Ga. The dynamic regimes of this 
metamorphic phase varied from moderate (gneiss-granulite 
complexes) to relatively high (above 10 kbar, granulite-
metabasite complexes).  

Gneiss-migmatite complexes were formed under sequential 
manifestations of the granulite metamorphism which was 
replaced by the amphibolite facies metamorphism of moderate 
pressures and accompanying granitization. The lowest age 
limit of this metamorphic stage is ca. 2.1 Ga. The time of the 
amphibolite facies metamorphism in the gneiss-migmatite 
complexes is estimated as 1.95-1.75 Ma. 

Eclogite-gneiss and eclogite-schist complexes, obviously, 
also belong to the Lower Proterozoic. Eclogite formation could 
take place synchronously with the granulite metamorphism, ca. 
2.1 Ga in the lowest age.  

The evolution of ultra-high-temperature and high-pressure 
metamorphic processes in the Ural polymetamorphic 
complexes generally correlates with the metamorphic 
development of the Early Precambrian complexes, adjacent to 
the west of the platform area. Thus, accretion-collision 
complexes formed 2.88 to 2.58 Ga in the Fennoscandian 
Shield (Fennoscandia) were revealed. The granulite and 
eclogite metamorphism correlates in time with uniting of the 
Volga-Ural region and Sarmatia (ca. 2.1 Ga), and more recent 
amphibolite facies metamorphism and associated granitization 
- with merging of these two megablocks and Fennoscandia 
(1.8-1.7 Ga). 

The work was supported by the Basic Research Program of 
RAS № 12-И-5-2022. 

 
[1] Pystin A.M., Pystina Ju.I. Tipification of the Lower Pre-
Camrian, Timan-Northern Urals region. Syktyvkar: Geoprint, 
2009. 36 p. 
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Reducing the amount of greenhouse gasses released into 

the atmosphere by geological storage and/or sequestration of 
the anthropogenic CO2 has been the focus of numerous 
research studies. These studies have emphasized the 
importance of mineral carbonate formation (known as mineral 
trapping) as a permanent method for CO2 immobilization. 
However, mineral formation is often a slow process governed 
by unknown reaction kinetics. In this regard, one important 
example that we have been studying is the slow formation of 
the mineral magnesite (MgCO3) at low temperatures in 
solutions in contact with supercritical CO2. Kinetic constrains 
to magnesite formation have been thought to be linked to the 
high dehydration energy of Mg2+, which prevents the formation 
of anhydrous carbonates such as magnesite. 

In this study we present detailed experimental evidence, 
including high resolution SEM, TEM imaging and ion 
compostion mapping, indicating that the kinetically inhibited 
formation of magnesite can be overcome in the presence of 
trace components (e.g Co(II)) that either form insoluble 
carbonates with a good lattice match to magnesite or lower the 
activation energy for magnesite formation by substititon into 
the growing magnesite lattice. 
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The Tuotuohe region is located in the Qiangtang massif, in 

the hinterland of the Qinghai–Tibet Plateau. The Nariniya 
porphyry-type Pb-Zn deposit was discovered recently in 
Tuotuohe region, and is spatially associated with the quartz 
syenite porphyry, with the host rocks of trachyandensite.  

To constrain the migration characteristics of elements 
during hydrothermal alteration, representative samples of 
altered and fresh trachyandensites were analyzed by XRF 
(major elements), and ICP-MS (trace elements).  

Element gains and losses on a weight basis have been 
calculated following Grant’s approach (Grant, 1986) and using 
TiO2 as the immobile elements. The gains and losses of major 
and trace elements for the samples are shown graphically in 
Figure 1.  

Figure 1 indicates large gains of SiO2, K2O, Pb and Zn, and 
Al2O3 and Rb with a modest gains. Quite the contrary, the 
CaO, MgO, Na2O, Sr and Ba are depleted. Losses in CaO, 
Na2O, Sr and Ba and strong gains in K2O most likely indicate 
K feldspar-biotite alteration. And the same effect of K 
feldspar-biotite alteration in combination with silicified 
alteration were at work sending SiO2, Pb and Zn on the upward 
trend. In other words, K feldspar-biotite alteration and 
silicified alteration have been a primary cause of enrichment of 
metals in the Pb and Zn. 

  
Figure 1: Gains and losses of major and trace elements for 

the alteration assemblages (Rb、Sr and Ba displayed as 0.4%; 
Pb and Zn displayed as 4%). 

 
[1] Grant, J. A. (1986). Economic Geology 81, 1976-1982 
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Selenium (Se) is of great concern because of its special 
biological function for organisms, narrow range between 
deficiency and toxicity for human beings. Se speciation is 
important to understanding Se transformation in plant tissues 
and human Se nutrient intake, while Se translocation from soil 
to vegetation is a key aspect to clarify Se enrichment 
mechanism for Se hyperaccumulator. In this study, the Thlaspi 
arvense L. plant with Se concentration of 2816 mg/kg was 
found in high-Se area of Enshi, China, and this Se 
hyperaccumulator was selected to study Se speciation and 
transformation in its tissues by XRF and XAFS technique. The 
Se K-edge XANES results showed that Se-
methylselenocysteine (SeMeSeCys) is predominant in the 
aerial part, accounting for 68-93.5% in different tissues, and 
the proportion of SeMeSeCys species is decreased from stem 
to leaf in Thlaspi arvense L.. These results are very similar to 
the Se speciation in other Se hyperaccumulator [1]. However, 
selenocysteine (SeCys) is the dominant species in root and the 
rhizosphere soil, which are different from our previous studies 
that Se(IV) is the main form in common Se-rich soils [2, 3]. 
The transformation of Se speciation may be explained by the 
metabolism of Se in Se hyperaccumulator and/or microbial 
activities in rhizosphere. These still need to be further studied. 

 
The work was supported by the National Natural Science 

Foundation of China (41303099, 41273029), National Key 
Basic Re-search Program of China (2014CB238903), and 
Beijing and Shanghai Synchrotron Radiation Facility. 

 
[1] Freeman et al (2006) Plant. Physiol 142, 124-134 [2] Qin 
et al (2012) Chemosphere 86, 626-633 [3] Qin et al (2013) 
Environ. Int 52, 66-73 
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Geochemical cycling of metals includes the weathering of 

silicate rocks and the release of dissolved constitutes into 
rivers and eventually the oceans. Some metals (e.g. Mg, Ca, K, 
Fe, Zn) are important nutrients for plants, thus plants can 
accelerate rock weathering to obtain them, and therefore 
represent a significant reservoir in the geochemical cycle. In 
such a context, Ca cycling has been investigated through Ca 
isotopic analyses, indicating a preferential uptake of 40Ca 
relative to 44Ca by plants and an enrichment in heavy Ca 
isotopes in the soil pore water (e.g. [1]). The differentiated Ca 
isotopic compositions among different plant organs have been 
detailed in more recent work [2]. In the case of K, it has been 
suggested that terrestrial plants represent a significant reservoir 
for K, with as much as 40-70% or more of the dissolved K in 
the world’s rivers coming from the decay of plant matter [3], 
resulting from its crucial role as a plant nutrient. Therefore, 
potassium isotopic systematics potentially provides a new tool 
for tracking and quantifying nutrient cycling in ecological 
systems (e.g. boreal vs. tropical forests) and a proxy for global 
geochemical cycling. 

We have conducted experiments involving three species of 
hydroponically grown vascular plants (wheat, bean, rice) to 
study K isotopic fractionation behavior during uptake and 
transport through growing plants. Our K isotopic data from 
these experiments demonstrate for the first time, K isotopic 
fractionation by plants. Our data indicate that plants sequester 
isotopically light K, with a pattern comparable to our measured 
pattern for Ca isotopes: roots are isotopically lighter than the 
hydroponic solution, leaves lighter than roots, and stems the 
lightest. Our Ca isotopic data are consistent with the 
experimental data for Ca isotopic fractionation in plants by [2]. 
Comparing our observed fractionation of K to that of the Ca in 
the same samples, suggests that on a per amu basis, the 
isotopic fractionation of K by plants is about twice that of Ca.  
 
[1] Wiegand et al (2005) Geophys. Res. Lett. 32, L11404 [2] 
Cobert et al (2011) Geochim. Cosmochim. Acta 75, 5467-5482 
[3] Chaudhuri et al (2007) Chem. Geol. 243, 178-190 
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With the emergence of high-precision isotopic data, 

isotopic anomalies have been reported for an increasing 
number of elements in bulk meteorites. Many of the isotopic 
anomalies are attributed to preservation of nucleosynthetic 
signatures. Studies of nucleosynthetic anomalies at the bulk 
meteorite scale can provide information not only on the stellar 
environment of solar system formation, but also on subsequent 
mixing processes in the proto-planetary disk. One of the 
consequences of the existence of nucleosynthetic anomalies is 
that they may hamper the use of several short-lived radioactive 
chronometers (e.g.146Sm-142Nd, 53Mn-53Cr), as these rely on the 
assumption that the solar system has homogeneous isotopic 
compositions for the daughter elements and for the abundance 
of the parent isotopes.  

The well resolved difference in the 54Cr anomaly among 
different chemical groups of meteorites has been extended to 
other neutron-rich nuclides of iron group elements, such as 50Ti 
and 62Ni. The extremely 54Cr-rich nano-oxides isolated from 
Orgueil (CI) strongly indicate a Type II SNa origin. Thus, the 
variability in bulk 54Cr/52Cr between meteorite classes may 
reflect a heterogeneous distribution of the 54Cr carrier in the 
solar nebula following a late supernova injection event. 
Because the 54Cr-rich phases do not show a resolvable 53Cr 
anomaly, the existence of such phases will not affect the use of 
the 53Mn-53Cr short-lived chronometer. A recent study found a 
large variation in Cr mass fractionation among meteorites from 
different chemical groups. Such fractionation could potentially 
affect the interpretation of the 54Cr variability because the 
mass-dependent fractionation in nature is linear, but the use of 
the exponential law to correct for instrumental mass 
fractionation will cause residual mass fractionation effects on 
both 53Cr/52Cr and 54Cr/52Cr. This would also affect the 
interpretation of the bulk chondrite Mn-Cr isochron.  
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Diamond and its internal inclusions are considered to be 
effective tools for providing insights into deep process and 
geochemistry environment in mantle[1], as well as tracing 
placer diamonds’ host rocks and forming environment. Hunan 
placer diamonds from Ruan river basin in the Yangtze craton is 
one of the three commercial mining areas of diamonds, but the 
only one area currently producing diamonds in China, with 
which there is still no conclusive findings on the origin and 
host rocks. 

Micro laser raman spectroscopy, EPMA, LA-ICPMS are 
applied to perform analyses on gem type diamonds from 
Hunan. Detailed inclusion observations show that there are 
nearly equal proportions of peridotic and ecologitic 
paragenesis in Hunan diamonds, and these two parageneses 
can be found coexisting in a single diamond. Peridotic 
paragenesis comprises of olivine, the commonest mineral, and 
enstatite, hedenbergite, pyrope, etc, while ecologitic 
paragenesis consists of almandine-pyrope as a commonest 
mineral, omphacite, coesite, kyanite, anatase and rutile, etc. 
The ecologitic paragenesis, their mineral compositions (e.g. 
omphacite with characteristics of low MgO 7.34%-
7.60%，Mg#62-69，enriched in Na2O 5.94%-6.28% and K2O 
0.24%-0.26%， Na/(Na+Ca)=0.473-0.489), and diagnostic 
kyanite of protogenic inclusion, seem to indicate they have 
much affinity with B type ecologite[2], implying the 
occurrence of subduction of ancient crust prior to diamond 
growth. Thermobarometer of olivine inclusions in Hunan 
diamonds inferred a forming temperature and pressure of 
ranging between 1109-1237℃and 4.05-5.83GPa, respectively, 
roughly corresponding to a depth of 130-190 km. 

In conclusion, Hunan placer diamonds may be formed in a 
mantle environment with participation of crustal substances, 
closely correlated to B-type ecologite generated by subduction 
of ancient crust slab, implying there existed recycled crustal 
substances in mantle beneath Yangtze craton. 
 

This work was supported by Natural Science Foundation 
of China(41272086,41173041) 
 
[1] L. A. Taylor, M. Anand. 2004 Chemie der Erde 
Geochemistry, 64, 1-74 [2] K. V. Smit, T. Stachel, R. A. 
Creaser, et al 2014 Geochimica et Cosmochimica Acta, 125, 
308-337 
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The continental margin basins of the East South America 
and the West Africa share very similar tectonostratigraphic 
units resulting from their proximity in Late Jurassic- Early 
Cretaceous time. As a result of the paleogographic ties among 
these passive continental margin basins, the relationships of 
deep-water hydrocarbon source rocks can often be conjugately 
analyzed.  

Characteristics of deep-water hydrocarbon source rocks in 
these basins obtained from the analysis of 246 deep-water 
fields which have been found by the end of 2013 [1]. Finally, 
we identify different deep-water petroleum plays, establish 
conjugate genetic relationships, and distinguish source 
paleoenvironments and age. 

Shallow marine oils of Albian- Cenomanian are present in 
Liberia, Cote d’Ivoire, and Keta-Togo-Benin basins of West 
Africa and Guyana, Foz do Aamzonas, Maranhao, Berreirinhas, 
Potiguar, and Sergipe-Alagoas basins of South America. The 
source rock is marine shale with type III and type II kerogen, 
average TOC is 2.1%, and is interpreted as oil-prone. Shallow 
marine-prodelta oils of Eocene-Miocene are present in Niger 
Delta basin of West Africa. Source type is a mixture of type II 
and type III and TOC content averages 1.68%. Lacustrine oils 
of Valanginian-Barremian are present Salado, Colorado, and 
Rawson basins of South America and Kwanza, and Southwest 
African Coastal basins of West Africa. Oil mixing may have 
occurred in the Bohia, Espirito Santo, Campos, Santos, and 
Pelotas basins of South America and Douala, Rio Muni, Gabon, 
Lower Congo basins of West Africa. 
 
[1] IHS. (2014). https://www.ihs.com/. 2014-1-5 
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South America is suspected to be the major source of 

atmospheric dust input into Southern Ocean. The chemical 
composition and properties of dust from this region are poorly 
documented. During four field campaigns, we collected about 
130 soil samples from Patagonia and central Argentina and 
lichens from the South part of Patagonia. Initial dust samples 
were prepared from each soil using a laboratory dust 
generation device - SyGAVib. An aerosol sampling station 
installed at Rio Gallegos (Argentina, South Patagonia, 51°38'S; 
69°14'W) provides continuously samples on a weekly basis 
from December 2011. Elemental composition of soils, aerosols 
collected at Rio Gallegos and laboratory generated aerosols 
were measured by X-Ray Fluorescence, ICP-AES and ICP-
MS, and lichens’ elemental composition by ICP-AES. 
Solubility experiments were performed on several laboratory 
generated aerosol samples. 

Elemental composition analysis shows visible differences 
between soil and soil-derived dust. No clear correlation was 
found with geological variation mode. Lichens’ chemical 
composition can bring additional information on the local dust 
emission. Chemical maps of soil and generated aerosol are 
finally proposed, covering most of dry regions of Patagonia 
and central Argentina. 

Results of aerosol samples from Rio Gallegos reveal a 
seasonal pattern with much lower dust content in winter than in 
summer. However, sea salt aerosol is also observed at this 
station and exhibits smaller seasonal variations. 

This work is supported by French CNRS-INSU program 
“Dust From Patagonia” (LEFE/CHAT), France-Argentina 
cooperation program “ECOS-Sud” (ASAR). 

 
Keywords: atmospheric dust, South Hemisphere, 

chemistry 
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Our recent study (2013) of sample LQ13-01 showed the 
1103 ±13 years BP pyroclastic flow from the Chaos Crags, 
Lassen Volcanic Center, California had pre-eruptive magma 
storage conditions with maximum temperature 775 °C and 
pressure 110-125 MPa under H2O-saturated conditions. Here 
we present continuous decompression experiments conducted 
to assess rates of ascent of Chaos Crags magmas. 

Chaos Crags group 1 lavas (early pyroclastic flows and 
domes A and B) are homogeneous petrographically and 
compositionally (69-70 wt. % SiO2), whereas group 2 (domes 
C-F) are comparatively heterogeneous (67-69 wt. % SiO2), 
with increasing abundance (10-15%) of mafic inclusions 
throughout the emplacement sequence. Group 2 has 
dehydration breakdown reaction rims surrounding biotite and 
amphibole phenocrysts. 

Starting material for continuous decompression 
experiments was our phase equilibrium experimental run 
product CCPb-34 (2013), with sufficient H2O to ensure H2O-
saturated conditions, starting temperature of 775 °C and 
pressure of 120 MPa at ƒO2 NNO+1 (±0.5-log units). 
Experiments are underway with decompression rates ranging 
from 0.19 MPa/hr to 8.53 MPa/hr, corresponding to total 
decompression times of 16 hours to 54 days. 

Preliminary EPMA and SEM analyses of continuous 
decompression experimental run products show dehydration 
reaction rims around biotite and amphibole at decompression 
rates ≤ 1.0 MPa/hr. Using amphibole geospeedometry, such as 
Browne and Gardner (2006), and biotite geospeedometry, 
preliminary comparisons of experimental run products and 
natural samples suggest decompression > 1.0 MPa/hr for group 
1 lavas, and slower decompression (≤ 1.0 MPa/hr) for group 2 
lavas. 
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Oxygen isotope ratios of quartz inclusions (20-800µm dia) 

within garnets (1-20mm dia) from the Adirondack Mountains, 
NY, were analyzed by ion microprobe (SIMS) to develop an in 
situ method of oxygen isotope thermometry. Pristine quartz 
inclusions (PQI) for 8 of 12 samples have δ18O values 
significantly different than matrix quartz (MQ) at 95% 
confidence. This indicates PQI are armored from isotopic 
exchange processes during slow cooling that can cause 
disequilibrium between MQ and garnet.  

Criteria for PQI are based on several comparative tests of 
all quartz inclusions (QI) from a sample. Values for δ18O(QI) 
are homogeneous within each inclusion and show no relation 
to inclusion size indicating garnet was closed to diffusion at 
the observation scale. Average δ18O for QIs with a specific 
texture (cracks in QI, healed cracks in QI, mineralized cracks 
in garnet, or mineralization along QI grain boundaries) were 
compared to δ18O averages for QIs where the texture was 
absent. If there was a measurable difference, QIs with that 
texture were not used for thermometry. Generally, QIs that are 
in contact with mineralized garnet cracks are closer to 
δ18O(MQ). This suggests that early-formed garnet cracks can 
behave as fast pathways for retrograde oxygen isotope 
exchange. 

Analysis of δ18O(Grt) by SIMS and laser fluorination mass 
spectrometry (LF) in tandem provides the best accuracy and 
precision (average Δ18O(LF-SIMS) = 0.22‰). Profiles across 
single garnets by ion microprobe show no zonation in 
δ18O(Grt). If garnet is homogeneous and inclusions are 
removed, laser fluorination δ18O values of bulk garnet are best 
for QI-Grt thermometry. Prior to laser fluorination, bulk garnet 
aliquots were crushed to 10-100µm and treated with HF to 
remove inclusions that could affect the measured δ18O(Grt) 
value. Treatment of standard garnet UWG-2 with HF has no 
effect on the measured δ18O value. 

Calculations of Δ18O(Qtz-Grt) based on PQI’s (SIMS) and 
δ18O(Grt) (LF) data range from 2.65-3.24‰. These 
fractionations yield temperatures of 640-740±50°C (if 
A=2.71), which are consistent with petrologic and carbon 
isotope peak temperature estimates from 625 to 800°C for 
upper amphibolite and granulite facies metamorphism. This 
method of inclusion thermometry retrieves accurate 
temperatures and is best suited for retrogressed samples. 
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Modern anthropogenically-induced ocean acidification and 
global climate change highlight the need for practical methods 
to reconstruct past ocean carbonate chemistry and atmospheric 
CO2 levels to improve understanding of global climate cycles 
and the marine carbonate system’s response to these forcings. 
In this study, core-top samples from around the Pacific Ocean 
are used to generate new calibrations of the B/Ca proxy for the 
past carbonate system in two upwelling and subpolar species 
of non-symbiotic planktic foraminifera (G. bulloides and N. 
incompta, also known as N. pachyderma, dextral). Our results 
show a significant correlation of B/Ca with [CO3

2-] and 
Ωcalcite, and to a slightly lesser degree with [B(OH)4

-]/[HCO3
-

] and [B(OH)4
-]/[DIC], in both species across a broad range of 

hydrographic conditions, supporting the application of direct 
empirical calibrations of B/Ca in planktic foraminifera. 
Calculated boron partition coefficients (KD) from these 
samples are uncorrelated with temperature or [CO3

2-] and vary 
within and between species; we do not find evidence 
supporting the application of KD to calculate carbonate system 
parameters from B/Ca. B/Ca in both species studied here is not 
significantly correlated with pH, suggesting that calculation of 
pH directly from B/Ca is not suitable. We also explore the 
application of this proxy in different regions of our Pacific 
core-top dataset, and discuss potential roles of temperature, 
depth-related dissolution and shell weight on B/Ca. 
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Transition metals such as iron, zinc, copper and nickel (Ni) 

play a major role in the metabolism of living organisms. It 
seems therefore possible to use these chemical elements as 
biomarkers, in particular for the early Earth when fossils were 
inexistent. Two types of procaryotes may have been present at 
that time: methanogenic archaea and phototrophic 
cyanobacteria. Nickel is potentially a good marker for 
methanogens as it is directly involved in methanogenesis (the 
F430 coenzyme, a tetrapyrolle with a Ni atom, is involved in the 
last step of methanogenesis as a component of the enzymatic 
methyl reductase complex) and, unlike iron, Ni is not 
significantly affected by redox reactions. Photosynthetic 
cyanobacteria associated with stromatolites also use Ni. As 
living organisms can fractionate isotopes when they 
incorporate chemical elements, Ni isotopes could potentially 
constrain the biological activity on the early Earth. 

The aim of the present study is to (1) develop a new 
biomarker, particularly well suited to methanogenesis and 
resistant to metasomatism and redox processes; (2) study the 
preservation of the isotopic signal in rocks, and (3) look for 
traces of early life in archean samples – and identify the type 
of micro-organisms present at that time.  

Following the pioneering work of Cameron et al. (2009), 
we performed cell growth experiments of M. jannaschii, a 
methanogenic archae, at various conditions of pH and 
temperatures to determine the influence of these parameters on 
the isotope fractionation, if any. Mass balance calculations 
show that M. jannaschii significantly assimilates Ni. 
Modifying the procedure of Cameron et al. (2009), we were 
able to get rid of the carbonate or sulfide precipitate that 
appears during the culture and potentially disturbs the isotopic 
mass balance. Both cells and media were analyzed for their 
isotope composition: the cells are depleted in heavy Ni 
isotopes relative to the starting and to the residual culture 
medium by more than 0.8‰. Effects apparently do not depend 
on the temperature, while pH is a more important parameter.  

We now plan to study another strain to compare the results. 
At the same time, geological samples are investigated. 

 
[1] Cameron et al (2009) PNAS 106, 10944–10948 
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Urban lakes remain relatively understudied despite their 

important role in nutrient, carbon, and metal cycling. However, 
the management of these urban lakes, in particular small 
upstream reservoirs, has the potential to improve watershed 
water quality. We investigated sediment records from three 
urban reservoirs from the San Francisco Bay Area, CA to 
develop records of environmental change and the influence of 
various management strategies. 

The three study reservoirs reflect very different watershed 
land uses and lake management strategies. Lake Aliso is 
intermittently full, primarily residential, with the additonal 
influence of acid mine drainage from an inactive sulfur mine. 
Lake Don Castro is continuously full and heavily influenced 
by the confluence of major freeways. Lake Anza is continually 
full and primarily urban parkland and provides a control. 

We established water quality monitoring in all three of the 
study watersheds, which includes tributary and outlet  
sampling and in lake depth profile measurements of 
temperature, pH, conductivity, and dissolved oxygen. 
Additionally, samples are collected for laboratory general 
chemical and trace element analysis. We utilize the watershed 
monitoring as calibration points for the sediment cores 
collected from each reservoir.  

Two vibracores were collected from each reservoir to 
reconstruct the historical changes in the watershed since the 
dam installations (~ 100 years ago). We analyzed sediment for 
Pb-210 to provide an age model for the sediment. In addition, 
we analyzed the sediment for C and N isotope ratios, as well as 
metal abundances using scanning x-ray flouresence. 

C and N isotopes in combination with C/N ratios suggest 
mixing between lake-derived and terrestrially derived organic 
matter with a growing influence of lake derived (algal) carbon 
more recently. Lakes exhibit frequent oscillations in metal 
abundances, however, total abundances and the nature of 
variations vary between lakes. These geochemical variations 
are likely related to management practices, which control the 
prevailing hydrologic and redox conditions.  



 Goldschmidt2014 Abstracts  

 

2020 

2020 

Experimental Assessment of Cement 
Integrity under Geopressured 

Geothermal Reservoir Conditions 
K. BELLO1 AND M. RADONJIC2* 

1,2Craft and Hawkins Department of Petroleum Engineering, 
2131 Patrick F. Taylor Hall, Louisiana State University, 
Baton Rouge, LA 70803 
(*correspondence: mileva@lsu.edu) 

 
Strength retrogression occurs in cements at high 

temperatures when calcium silicate hydrate phase in hydrated 
cement converts to alpha dicalcium silicate hydrate phase. To 
study this, a batch experiment was conducted using four 13 
ppg cement slurry designs and compared with 13 ppg neat 
cement slurry. All four cement slurry design contained class H 
cement and silica flour. Fine metakaolin, silica sand, steel fiber 
and polymer were added to the first, second, third and fourth 
sample respectively. For the experiment, cements were aged at 
140 0C for 30 days in a heated water bath circulator to simulate 
cement retrogression.  

Preliminary data suggest that thermal loading can cause 
alterations in cement chemical state as confirmed by x-ray 
photoelectron spectroscopy, where the main changes are 
observed through different chemical binding energies of Ca 
and Si, as the main chemical elements of hydrated cement. 
Furthermore, permeability of samples subjected to temperature 
changes appear to be impacted, as well as porosity, as observed 
in pulse-decay permeability measurements. The microstructure 
and spatial elemental chemical composition obtained by 
electron microscopy and energy dispersive spectroscopy 
confirm the changes and provide an insight into the mechanism 
of these changes. Some of the main alterations are manifested 
in the amount and morphology of calcium silicate hydrates 
present as well as calcium hydroxide and the pore-structure 
distribution within cement matrix. 

The desired outcome of this study is to provide a more 
durable design of wellbore cements capable to resist thermal 
fracturing and dissolution when in contact with low pH 
geofluids, such as brines rich in CO2. Geothermal wellbore 
systems are more susceptible to deterioration than traditional 
oil and gas wellbores, and therefore require modified chemical 
composition capable to withstand aggressive environment. 
Such systems would cut down the cost of geothermal energy 
by ensuring longer service life of these wellbores. 
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The objective of this experimental study is to investigate 

the impact of physical and chemical mud contaminations on 
cement-formation shear bond strength for sandstone and shale 
formations. Physical contamination occurs when drilling fluids 
(mud) dehydrates on the surface of the formation, while 
chemical contamination occurs when the drilling fluid reacts 
chemically with the cement slurry during a cementing job. We 
investigated the impact of the contamination on the shear bond 
strength and the changes in the mineralogy of the cement at the 
cement-formation interface to quantify the impact of the 
contamination.Wellbore cement has been used to provide well 
integrity through zonal isolation in oil & gas wells as well as 
geothermal wells. Cement failures could result from poor 
cementing, failure to completely displace the drilling fluids to 
failure on the path of the casing. A failed cement job could 
result in creation of cracks and micro annulus through which 
produced fluids could migrate to the surface leading to 
sustained casing pressure, contamination of fresh water aquifer 
and blow out in some cases. For this experimental study, Berea 
sandstone and clay rich rock discs/cores had cement bonded 
with them to simulate cement-formation interfaces. Shear bond 
tests were performed on the composite cores after complete 
hydration of cement to determine the shear bond strength. 
Preliminary results suggested that the detrimental impact of the 
contamination is higher when the cores are physically 
contaminated. Also, the results showed that shear bond 
strength is higher for sandstone formations when compared to 
shale formations, implying that the low permeability 
formations form much weaker bond with cement. Material 
characterization analysis was carried out to determine the 
micro structural changes at the interface. Electron microscopy 
provided coupling of chemical/mineralogical composition with 
geomechanics of the interface. 
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Cosmogenic 32Si (t1/2 ~ 140 yrs) was used in a novel way to 

constrain the quantity of reactive Si storage and early 
diagenetic reactions of Si in the highly mobile deltaic 
sediments along the coast of French Guiana, representative of 
sediments along the ~1600 km Amazon – Guianas coastline 
downdrift of the Amazon delta. A sequential leach was 
developed to extract and purify SiO2 from different operational 
pools in large samples of surface sediments (0 – 10cm). This 
methodology, a hot 1% Na2CO3 leach followed by a hot 4M 
NaOH leach, was adapted from the existing leaches widely 
used to estimate biogenic Si (bSi) content in marine sediments, 
and ultimately to constrain the global oceanic Si budget. 32Si 
activity was determined in each pool via its daughter product 
32P [1, 2]. Initial results from several sites in coastal mudbanks 
near Kourou and Sinnamary indicate no detectable 32Si activity 
in the bSi fraction, whereas 32Si was detected in the Si-NaOH 
fraction after removal of bSi. The lack of detectable activity in 
the 1% Na2CO3 leach and its detection in the NaOH fraction 
(0.2 – 0.35 dpm) indicate that the method widely used to 
determine biogenic Si content recovers only a minor fraction 
of the originally deposited reactive Si in these deposits. The 
results are consistent with rapid alteration of biogenic silica 
and clay authigenesis or reverse weathering. They also 
demonstrate that the current estimate of biogenic silica storage 
in tropical deltaic sediments is significantly underestimated by 
at least one order of magnitude. Assuming an initial diatom 
specific activity of ~40 dpm/kg SiO2 [3], the 32Si activity in the 
NaOH fraction corresponds to a reactive Si storage of ~150 – 
300 µmol Si/g sediment. This magnitude is consistent with 
estimates of reactive Si storage in the Amazon delta based on 
modified operational leach techniques that target poorly 
crystalline clays and with diagenetic modeling of pore water 
K+, F-, and Si(OH)4 [4], likely exceeding ~25% of annual 
Amazon riverine Si supply or ~1.7 x 1011 mol/y. 

 
[1] Lal et al (1960) Phys. Rev. 118, 1626–1632. [2] Demaster 
(1979) Yale University. [3] Craig et al (2000) EPS 175, 297–
308. [4] Michalopoulos and Aller (2004) GCA 68, 1061–1085. 
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Carbonate minerals are amongst the most widespread of all 

biominerals, as well as being significant for regulation of 
carbon dioxide, both naturally and as part of engineered 
geosequestration. Consequently there are many reasons to 
understand the nucleation and crystal growth mechanisms of 
such minerals. In the case of calcium carbonate, there has been 
particular interest following the observation of stable pre-
nucleation clusters (PNCs) [1], leading to a reassessment of the 
conventional understanding of cluster formation via classical 
nucleation theory. Based on a combination of both 
experimental observations and computer simulation results, a 
new picture is emerging as to the pathway for formation of 
calcium carbonate. Initially, ion pairs and larger associations 
form that consist of Dynamically Ordered, Liquid-Like 
Oxyanion Polymers (DOLLOPs) [2]. As the ion activities 
increase the binodal region is entered and liquid-liquid 
separation occurs leading to the nucleation of spherical 
droplets of a dense liquid phase [3]. Subsequently, dehydration 
progressively occurs leading to further phase transitions that 
result in the formation of amorphous calcium carbonate.  

While the above view of how CaCO3 forms has begun to 
emerge, and PNCs are believe to exist more widely [4], it is 
unclear as to whether formation of dynamic supramolecular 
polymer species, similar to DOLLOP, is unique to calcium 
carbonate or a more general phenomenon. As a first step 
towards probing the wider applicability of this model we have 
considered the speciation of other alkaline earth metal 
carbonates, namely those containing magnesium, strontium 
and barium. Here molecular dynamics simulations are 
employed, based on force fields that have been accurately 
calibrated against experimental data, with a particular focus on 
correct reproduction of the thermodynamics, as per previous 
work for CaCO3 [5,6]. Results will be presented regarding the 
validation of the computational models, plus the application to 
simulation of the solution speciation. Comparison of the results 
with those previously obtained for calcium carbonate will be 
made. In the case of Mg2+ the issue of the slow water exchange 
dynamics will also be discussed.  
[1] Gebauer et al (2008) Science. 322, 1819-1822. [2] 
Demichelis et al (2011) Nat. Commun. 2, 590. [3] Wallace et 
al (2013) Science, 341, 885-889. [4] Gebauer et al (2014) 
Chem. Soc. Rev., DOI: 10.1039/C3CS60451A. [5] Raiteri, 
Gale, Quigley and Rodger (2010) J. Phys. Chem. C, 114, 5997-
6010. [6] Raiteri and Gale (2010) J. Am. Chem. Soc., 132, 
17623-17634. 
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Introduction 
Granulitic xenoliths are considered to be fragments of the 

lower crust accidentally brought to the surface by their host 
magma. Thus, petrological studies of crustal granulitic 
xenoliths provide the most direct information about processes 
that take place in the lower crust. In northeastern part of the 
Isfahan province (Jandaq, Central Iran), the Eocene volcanic 
rocks present very good exposures. The best outcrop of the 
crustal xenolith-bearing volcanic rocks is in the Godar-e-siah 
area. These crustal xenoliths have been used to understanding 
the lower crust composition and relation to the S-type granite 
of the study area.  

Discussion 
The Eocene volcanism of the Godar-e-siah area has carried 

the crustal granulitic xenoliths to the surface. These xenoliths 
are consist of plagioclase + phlogopite + sillimanite + 
corundum ± garnet (core) ± phengite as peak granulitic 
assemblage. The average P-T estimation for the peak 
metamorphic assemblage is 7.8 kb and ~780°C. Petrography, 
mineral chemistry and P-T estimates conclude that they are Al-
saturated but Si-undersaturated materials of the deep parts of 
the continental crust. The Godar-e-siah volcanic rocks carried 
the xenoliths and rose to the surface along the pathways 
associated with the Great-Kavir Fault. Transformation of the 
xenoliths to the surface causes to increasing of Fe/Mg ratio in 
garnet rim (5.16 at rim and 1.2 at core) and formation of spinel 
and kelyphite coronas around corundum and garnet, 
respectively. It is well accepted that the peraluminous S-type 
granites are the product of anatexi of aluminous 
metasedimentary rocks in the continental crust. At the 
approximate 70 km east of the Godar-e-siah area, along the 
Great-Kavir and Chupanan faults, the Arusan and Aeirakan S-
type granites are exposed. It is probable that the productive 
magma of the S-type granites in these areas is formed by the 
anatexi of such crustal granulitic materials which some parts of 
them are brought to the surface by Eocene volcanism in the 
Godar-e-siah area. 
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High-P metamorphic rocks in the Qiangtang metamorphic 

belt (QMB) central Tibet record the closure and subduction of 
the paleo-Tethyan Triassic ocean to depths of approximately 
70 km. Blueschist and eclogite facies rocks are part of the east-
trending Longmu Co-Shuanghu suture zone (LSSZ), which 
stretches more than 500 km through central Tibet and is 
arguably one of the largest high-P metamorphic belts. 
Incorporating petrographic observations, mineral chemistry, 
40Ar/39Ar cooling ages and P-T pseudosections constructed in 
the Na2O-CaO-FeO-MgO-Al2O3-SiO2-H2O-TiO2-O 
(NCKMASHTO) system using THERMOCALC provides 
quantitative pressure-temperature-time paths (P-T-t) which 
provides the ability to recover a dynamic PT history of the 
Qiangtang metamorphic belt (QMB). Glaucophane, rutile, 
chlorite, quartz and pseudomorphs of lawsonite* are preserved 
as inclusions in garnet grains along with garnet and omphacite 
core composition isopleths provide PT constraints in the initial 
high-P (S1) assemblage at P≈20.5 kbar at T≈505°C. Peak (S2) 
metamorphic conditions best match a model PT field involving 
garnet, barroisite, omphacite, rutile, epidote and quartz at 
P≈15 kbar at T≈570°C. Post-peak decompression and 
exhumation transitions from the epidote-amphibolite facies 
through to the greenschist facies at P≈7 kbar at T≈470°C 
recorded by actinolite-albite symplectites within the matrix. 
Most eclogite assemblages are extensively recrystallized by 
high-P amphibole-bearing and greenschist facies assemblages, 
formed during water ingression from the surrounding 
metasediments during terrane uplift. 
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Airborne geophysical surveys by NGRI identified a huge 

magnetic anomaly over 50 km2 at Gadarwara, India in a region 
covered by ~300 metres of cover. Drilling indicates that the 
oval-shaped magnetic anomaly is caused by underlying 
magnetite-bearing rocks belonging to Mahakoshal Formation 
of Archean to early Proterozoic  age. The recent geophysical 
ground magnetic traverse on the anomaly  suggests a basement 
source upto 1.8 km in width in an east-west trending 
continental-scale tectonic rift zone (Narmada-Son Lineament) 
which separates the Dharwar Craton to the south from the 
Bundelkhand Craton to the north.The rocks are characterized 
by interbedded banded hematite jaspelite and banded 
magnetite iron formations with pervasive carbonate alterations. 
The core samples  were studied for  carbon and oxygen isotope 
ratios, alteration assemblages by SWIR, SEM, EPMA, Laser 
Ablation ICP-MS U-Pb monozite and  zircon geochronology. 
The following data and conclusions are presented.1.The 
δ13Ccarbonate ranges from -0.4 to -11.22 ‰ and δ16Ocarbonate from 
+15.2 to 21.8 ‰  respectively 2.Magnetite typically contains 
low Ti ( <0.03 wt%) 3.short-wave infrared spectroscopic 
analyses have identified siderite, ankerite,Fe chlorite,illite, 
kaolinite, montmorillonite  and actinolite 4.Copper and gold 
are hosted in chalcopyrite and pyrite 5.REE  are hosted in 
magnetite-bearing apatites, zircon, monazite and xenotime 
grains up to  >200μm. 

Based on the above observations the Gadarwara area is 
highly prospective for IOCG-mineralization and further work 
underway will improve our understanding of this system. 
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The scale formation of calcium sulphate in the industry 
(e.g. desalination plants) is leading to costly production 
reductions. Thus, it is highly desirable to avoid/retard the 
precipitation of these solids in such environments. Large 
quantities of scale inhibitors are used for scale control in these 
settings but they persist for many years after their disposal. 
Increasing environmental awareness has pushed scale-inhibitor 
chemistry to move toward “green” antiscalants that readily 
biodegrade and have low mobility for minimizing their 
environmental impact.  In the light of this new trend we set out 
to evaluate the retarding capacity of two “green” antiscalants 
as a function of salinity and temperature during calcium 
sulphate precipitation. To obtain a mechanistic understanding 
of the role, and effectiveness, of these additives on the 
precipitation dynamics we determined the changes in the 
effective surface free energy (SFE) as a function of salinity and 
temperature during calcium sulphate precipitation. We found 
that salinity did not influence the SFE of the precipitating 
phase, but in combination with additives a marked dependency 
is observed on the ionic strength. Hence, the effectiveness of 
additives is highly depended on solution properties and, based 
on these measurements (SFEeff) an appropiate application 
“window” can be established for specific additives.  
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The complex redox evolution of the oceans prior to the 

great oxidation event ca. 2.45 Ga is still a matter of debate. 
Rhenium and platinum-group elements (PGE) are variably 
redox-sensitive and have been successfully exploited to 
identify detrital vs. hydrogenous sources and the presence of 
oxic, suboxic or euxinic conditions in marine sediments [1]. As 
187Re decays to 187Os, the Re-Os isotope system can 
additionally be used to date the deposition of sediments, and to 
obtain the initial Os isotope composition, which is a tracer for 
continental input of radiogenic Os [2].  

The Drilling Project “Peering into the Cradle of Life” [3] 
in the Barberton Greenstone Belt (BGB) was conceived to 
investigate the oxygenation history of the atmosphere and 
oceans on early Earth that led to the emergence and evolution 
of life. Deep to shallow marine sedimentary successions were 
retrieved at two of project’s sites, spanning ca 300 Ma of 
Palaeo-Archaean deposition (BARB3/Buck Reef Chert and 
BARB5/Fig Tree Group). Prior work predominantly on 
outcrop samples from the BGB had shown that PGE deposition 
occurred mostly in particulate form from largely komatiitic 
sources, but fractionated Mo isotopes in one of the samples [4] 
demand further investigation.  

We are in the process of acquiring PGE-Re-Os isotope data 
for 8+ samples from narrow intervals (~1 m, to avoid initial Os 
isotope heterogeneity) of carbonaceous siltstone from BARB3 
(one interval) and BARB5 (two intervals), enhanced by 
information on carbon and sulphur contents, Fe speciation and 
multiple S isotope compositions. Our aim is to determine 
whether any short-scale changes occur in the sources and 
processes of incorporation of these various elements into the 
sediments that will allow constraints to be placed on the 
palaeo-depositional environment. 

 
[1] Siebert et al (2005) Geochim. Cosmochim. Acta 69 1787–
1801 [2] Kendall et al (2009) Geol. Soc. London Spec. Publ. 
326 85-107 [3] Arndt et al (2013) EGU Abstr. EGU2013-3909 
[4] Wille et al (2007) Geochim. Cosmochim. Acta 71 2417-
2435 
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Metamorphic core complexes provide an important tool in 
the study of the dynamic evolution of crustal domains 
undergoing post-convergence extension. In the Precambrian of 
Finland, the ~1.88-1.87 Ga Vaasa complex exposes a granitic 
core surrounded by migmatites and metasedimentary rocks. 
We have examined alkali feldspar megacrysts from the 
magmatic core for in situ major and trace element 
geochemistry using EPMA and LA-ICP/MS. A disk-shaped 
(1.5 by 7 cm) megacryst from the east-central part of the 
complex lacks major element variation from the megacryst 
center to the margin (over a distance of 30 mm), (on average, 
84.9 ± 3.1% Or, 13.4 ± 2.9% Ab, and 0.9 ± 2.6% An). 
Compatible trace elements Ba (~3000-3500 ppm), Rb (~200-
250 ppm), and Sr (~300-350 ppm) are quite constant 
throughout the examined profile, and Pb shows slight overall 
increase (~60 to 70 ppm) from the center to the margin. 
Incompatible trace elements reveal two compositional 
segments in the megacryst – from the center to a distance of 17 
mm (inner segment) and from 17 mm to the margin at 30 mm 
(outer segment). The inner segment shows a decline in total 
LREE from ~20 ppm to 5 ppm; whereas, in the outer segment 
the LREE are ~constant between ~5 ppm and 10 ppm. The 
(La/Sm)N ratio increases outward in both segments. U 
straddles the detection limit (~1 ppb) in the inner segment and 
is clearly higher (up to 25 ppb) and variable in the outer 
segment. The results show that the megacryst grew from the 
center outwards. Growth from relatively homogeneous magma, 
early garnet control, and subsequent enhanced crystal-liquid 
fractionation are implied. 

 



 Goldschmidt2014 Abstracts  

 

2030 

2030 

Mineralogical study on performance 
assessment of nuclear waste glasses 
with reference to natural analogue 
NISHI RANI1*, J. P. SHRIVASTAVA1AND R. K. BAJPAI2 

1Department of Geology, University of Delhi Delhi - 110007, 
India 

2BETDD, Nuclear Recycle Group, BARC, Mumbai- 400008, 
India 

 
Glass is an important material used for high-level nuclear 

waste (HLW) management, accommodates and immobilizes 
several constituents. The heat generated due to decay of stored 
radionuclide rises temperature of the glass matrix that results 
in the release of radionuclide into the surrounding medium. To 
predict possible mineralogical phases owing to water-glass 
interaction, sodium and barium borosilicate glasses and natural 
analogue (Deccan Traps associated obsidian from Osham hill, 
Gujarat, India) specimens were treated in the deionized water 
from 1-256 hours at 100-300 0C temperatures under 
hydrothermal-like conditions. As a result, smectite, halloysite 
(grains spheroidal in shape), illite chlorite and saponite were 
formed in sodium borosilicate glass ((Fig: 1 a). Silica 
concentration below saturation to amorphous silica was 
noticed in the aqueous solutions obtained after experiments. It 
has been found that the solutions were in equilibrium with the 
smectite minerals. The saponite is more persistent as a 
secondary phase which represents high Ti, Fe and Mn values. 
Silica enrichment in solution with the incremental time of 
alteration favours transformation of saponite into hydrotalcite. 
Barium borosilicate glass represents Fe-rich montmorillonite 
and nontronite-like smectite (Fig: 1 b) whereas, alteration 
products of natural analogue showed appearance of altered 
surfaces, clustered to form massive aggregates and platy-flakes 
alongwith series of channels and cusps similar to that observed 
in case of smectite ((Fig: 1 c). These minerals and clays yielded 
after experiments largely correspond to the minerals which are 
commonly found in the residual soil profile developed over 
fresh obsidian outcrops, formed as a result of weathering in the 
natural environment. There are formless Si particles, whose 
number increases with the increase in the temperature. The 
smectite Fe content varies with the time - early formed 
alteration products in alkaline conditions contain high Fe values 
and it increases as the alteration progresses in the system. It is 
concluded that the nucleation of secondary mineral phases 
initiated not only from the solution, but by the re-arrangement of 
micro-domains within the glass network. The precursors for the 
clay minerals formation occurred in a glass region, where, 
humps and secondary layers have undergone process of 
hydration and hydrolysis. 

Fig 1: Back scattered SEM image of sodium and barium borosilicate 
glass and obsidian treated in hydrothermal-like conditions. 

(c) 
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Expansion in the use of engineered nanomaterials (ENMs) 
will almost certainly lead to their release into the aquatic 
environment. Physiochemical processes are likely to quickly 
transform the state of ENMs. The environmental fate and 
exposure risk of ENMs will depend on how these 
transformations affect the environmental behvior of ENMs.  
Current analytical approaches can be implemented to 
characterize altered ENMs, which are generated by processes 
such as dissolution, chemical weathering (oxidation, 
sulfidation) and heteroaggregation. These methods however, 
are  challenged by the expected low ENM concentrations and 
the high background of naturally-occurring nanoparticles 
(NNPs), which may be similar in size, shape and composition 
of the altered ENMs.  Development of new techniques 
employing elemental analysis by ICP-MS, which utilize the 
unique elemental composition of ENMs, may provide a means 
of overcoming limitations of existing analytical methods. 
Utilizing the capabilities of field flow fractionation-ICP-MS 
for high resolution size and elemental analysis, and particle by 
particle analysis using single particle ICP-MS (spICP-MS) 
with multielement detection, may allow for improved 
characterization of ENP alteration.  In this talk the specific 
challenges to be overcome will be discussed and examples of 
the application of these new ICP-MS methods for quantifying 
ENM dissolution and heterogregation will be given. 
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It has recently been proposed that the pH distribution in 

coastal sediments can be altered by filamentous sulfide 
oxidizing bacteria responsible for long distance electron 
transport (LDET), coupling spatially separated redox half-
reactions. In this study, we examined the temporal 
development of LDET in incubations with sediments from 
organic-rich, muddy deposits in the deeper gullies of Lake 
Grevelingen, a coastal impoundment in the SW Netherlands, 
where hypoxia occurs in spring and summer and LDET has 
been recently observed.  

The vertical distribution and benthic fluxes of oxygen, 
nutrients, pH, alkalinity, calcium, iron and sulfur were 
determined in incubations of homogenized sediments over a 
period of 13 weeks in order to examine the influence of LDET 
on sediment biogeochemistry and benthic-pelagic coupling. 
The development and decline of LDET, indicated by a 
characteristic vertical porewater pH distribution, was 
coincident with a rise and fall in oxygen consumption and 
alkalinity production rates in sediments. These results have 
important implications with respect to the recovery of coastal 
ecosystems from hypoxia and links between oxygen depletion 
and acidification, which often coincide. 
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Positive europium anomalies are ubiquitous in the 

plagioclase-rich rocks of the lunar highlands, and 
complementary negative Eu anomalies are found in most lunar 
basalts. This is taken as evidence of a large-scale differentation 
event, with crystallization of a global-scale lunar magma ocean 
(LMO) resulting in a plagioclase flotation crust and a mafic 
lunar interior from which mare basalts were later derived. 
However, the extent of the Eu anomaly in lunar rocks is 
variable. Some plagioclase grains in a lunar impact rock 
(60635) have been reported to display a negative Eu anomaly, 
or in some cases single grains display both positive and 
neagtive anomalies [1]. Cathodoluminescence images  reveal 
that some crystals have a negative anomaly in the core and 
positive at the rim, or vice versa, and the negative anomalies 
are not associated with crystal overgrowths. Oxygen fugacity 
is known to affect Eu partitioning into plagioclase, as under 
low fO2 conditions Eu can be divalent, and has an ionic radius 
similar to Ca2+ - significant in lunar samples where plagioclase 
compositions are predominantly anorthitic. However, there are 
very few experimental studies of rare earth element (REE) 
partitioning in plagioclase relevant to lunar magmatism, with 
only two plagioclase DEu measurements from experiments 
using lunar materials [2,3], and little data in low fO2 conditions 
relevant to the Moon. 

We report on REE partitioning experiments on lunar 
compositions. We investigate two lunar basaltic compositions, 
high-alumina basalt 14072 and impact melt breccia 60635. 
These samples span a large range of lunar surface bulk 
compositions. The experiments are carried out at variable fO2 
in 1 bar gas mixing furnaces, and REE are analysed by and 
LA-ICP-MS. Our results not only greatly expand the existing 
plagioclase DREE database for lunar compositions, but also 
investigate the significance of fO2 in Eu partitioning, and in the 
interpretation of Eu anomalies in lunar materials. 
 
[1] Fagan and Neal (2011), LPS 42, 2137; [2] McKay and 
Weill (1977), LPS 8, 2339 – 2355; [3] Weill and McKay 
(1975), LPS 6, 1143 – 1158. 



 Goldschmidt2014 Abstracts  

 

2034 

2034 

Six chronometers in one rock: Dating 
mafic intrusive rocks by in situ 
SHRIMP U-Pb geochronology  

B. RASMUSSEN1*, I.R. FLETCHER1,  C.J. GREGORY1 
AND J.R. MUHLING1,2   

1Dept of Applied Geology, Curtin University, Kent Street, 
Bentley, WA 6102, Australia (*correspondence: 
b.rasmussen@curtin.edu.au) 

2CMCA, The University of Western Australia, Stirling 
Highway, Crawley, WA 6009, Australia 

 
Precise dates for mafic igneous events are essential for 

identifying Large Igneous Provinces and aiding tectonic 
reconstructions, and for understanding mantle dynamics, mass 
extinctions and paleoclimate. They may also provide age 
constraints on the deposition of sedimentary sequences which 
lack granitic intrusives or interbedded felsic volcanics. 
However, mafic intrusive rocks are more challenging to date 
precisely than felsic rocks.   

We have found a wide range of Ti-Zr-REE-bearing 
accessory minerals in tholeiitic dikes and sills that can be dated 
using in situ SHRIMP U-Pb methods, e.g., zircon, baddeleyite, 
zirconolite, tranquillityite, chevkinite-perrierite, monazite, 
allanite and britholite. In many cases, these minerals form fine 
grains (<10 - 20 µm) intergrown with quartz and orthoclase in 
patches of late-crystallizing mesostasis, or inclusions in 
igneous amphibole rimming pyroxene. The small size means 
that the grains are generally not recovered by traditional heavy 
mineral separation techniques, but they can be drilled from 
polished thin sections for analysis by in situ techniques. 

Six mineral chronometers were found in a tholeiitic sill 
intruding the Eel Creek Formation (previously thought to be 
Neoproterozoic in age) on the northeastern margin of the 
Pilbara Craton, Western Australia. In situ SHRIMP 207Pb/206Pb 
analyses were derived from zircon, baddeleyite, zirconolite, 
tranquillityite, chevkinite-perrierite and monazite to allow 
comparisons between the different minerals and evaluation of 
their performances as geochronometers. Although baddeleyite 
is more abundant, zirconolite and tranquillityite provide the 
most precise ages (~1.07 Ga), more precise than baddeleyite 
and monazite. High common Pb prevented chevkinite-
perrierite from providing a reliable date whereas zircon 
crystals were metamict and their U-Th-Pb systematics had 
been disturbed.  

Our results show that precise dates can be obtained for 
mafic igneous events using in situ ion microprobe techniques. 
Although tranquillityite provides a precise age for the Eel 
Creek sill, it is susceptible to alteration, and generally less 
abundant than zirconolite, leaving zirconolite as the mineral of 
choice for dating mafic igneous events. 
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Banded iron formations (BIFs) are central to 

interpretations about the composition of the Precambrian 
ocean, atmosphere and biosphere. Hematite is an important 
component of many BIFs. Its presence in unmineralized BIF 
has been used to infer the former presence of ferric 
oxyhydroxides that formed from the oxidation of dissolved 
ferrous iron in seawater. However, textural evidence for the 
timing of hematite growth in BIFs is equivocal.  

New results show that hematite in unmineralized BIF from 
the ~2.5 Ga Brockman Iron Formation, Hamersley Group, 
Australia, including morphologies previously interpreted to 
represent ferric oxyhydroxide precipitates, formed via fluid-
mediated replacement of iron-silicates and iron-carbonates. 
Hematite replacement is interpreted to reflect progressive 
stages of in situ alteration of reduced mineral assemblages by 
oxygen-bearing fluids.  

Hematite replacement in unmineralized BIF postdated 
deposition and possibly metamorphism, and predated modern 
weathering. It may represent be a distal signature of the 
processes that were responsible for iron-ore mineralization, 
which involved the deep infiltration of oxygen-bearing 
meteoric fluids. The mineral replacement reactions recorded in 
the Brockman Iron Formation are unlikely to be unique and 
probably occurred in BIFs elsewhere at some point in their 
history.  

Our results imply that the presence of hematite in BIF may 
not a reliable proxy for the composition of the precursor 
sediment or the redox chemistry of the ocean. The oxidation of 
ferrous-rich phases after deposition suggests that the precursor 
sediments of BIF originally had a more reduced bulk 
composition. This raises the possibility that, in an ocean with 
negligible molecular oxygen and elevated Si and Fe, the 
growth of iron-rich clay minerals was favoured over hematite. 
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Melt inclusions (MI) entrapped at variable depths and 
stages of magmatic evolution can provide a history of the 
physico-chemical states of a magma. Here we use MI to trace 
the histories of alkalic magmas from Ross Island to better 
understand their ascent paths, degassing, and crystallization at 
this hotspot volcanic center. 

We report volatile, major, and trace element data on 92 
olivine-hosted (Fo78.2-88.3) MIs in 9 basanites (SiO2 39.0-45.4 
wt.%) from 3 volcanoes on Ross Island (Hut Point, Mt. Terror, 
and Mt. Bird). Incompatible element ratios suggest a similar 
garnet-bearing mantle source for all samples. FTIR data 
indicate pre-eruptive magmas are volatile-rich, containing 
0.01-0.95 wt.% CO2 and 0.02-1.98 wt.% H2O. S, Cl, F, and Li 
are nearly invariant and are decoupled from variations in CO2 
and indices of crystallization. Trends in H2O-CO2 in Hut Point 
and Terror MI cannot be explained by simple open or closed 
system degassing scenarios and require H2O depletion by 
diffusive re-equilibration or fluid flushing. We estimated vapor 
bubble vol.% and observe no clear link between vapor bubble 
vol.% (1-22%) and decrease of H2O or CO2 in all but one 
sample set. However, the number of vapor bubbles in a single 
MI is variable (1-4), a possible indication that some were 
present as an exsolved fluid phase during MI formation. Vapor 
saturation modeling shows MIs have a broad range of 
entrapment pressures but most are between 200 and 400 MPa. 
We suggest Hut Point and Terror magmas stall briefly at 
depths of ~7.5-15 km where they are likely buffered by a CO2-
rich fluid phase prior to eruption. Bird MIs can be explained by 
open system degassing. 

We also revisit 54 olivine-hosted (Fo53.0-82.8) MIs [1] in 
seven samples of basanite to phonolite from Mt. Erebus, the 
central volcano on Ross Island. Erebus MIs have lower water 
concentrations (~0.12 wt.% in all but one sample set) and 
lower entrapment pressures (most <100 MPa) compared to the 
surrounding volcanoes. These results suggest Erebus magmas 
ponded in shallow magma reservoirs and evolved under drier 
conditions. 
 
[1] Oppenheimer et al (2011), EPSL 306, 261-271. 
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The climate of the last glaciation was interrupted by 

numerous abrupt millennial scale temperature fluctuations 
between cold stadials and warm interstadials, the so-called 
Greenland Dansgaard-Oeschger (DO) events. During the 
interstadials the Atlantic Meridional Overturning Circulation 
(AMOC) was active and warm water flowed north into the 
Nordic seas. During the stadials the northern oceans were 
partially ice covered and the AMOC disrupted. So far, very 
little is known of changes in the surrounding ice sheets and in 
the discharge of meltwater in response to abrupt warmings 
even though variation in meltwater production is regarded to 
be a major factor in the instability. Here we present results 
from sediment cores from the western slope of Svalbard in 
order to reconstruct the delivery of sediments and meltwater 
from the archipelago as in response to stadial/interstadial shifts 
during MIS 3. 

During each interstadial the normal greenish silt was 
replaced by laminated, pink clay originating from Devonian 
Red Beds on Svalbard and transported in suspension by 
meltwater to the coring site. The large distance from the ice 
margin to the site indicates the outpourings of meltwater were 
substantial, probably comparable to some of the largest 
outbursts during the deglaciation. The concentration of ice 
rafted debris decreased as the meltwater production increased 
signifying that the ice margin retreated from the coastal area. 
In the study, we establish the precise chronology for eight 
major meltwater discharges during MIS 3 corresponding to 
Dansgaard-Oeschger warmings DO-11 to DO-3. The results 
are based on the Svalbard-Barents Sea ice sheet, but it is likely 
that the Scandinavian ice sheet reacted simultaneously. Our 
observations indicate that the Eurasian ice sheet was much 
more dynamic than previously recognized with retreat and 
advances closely linked to the Greenland interstadials and 
stadials. Our findings also provide clear evidence of a 
significant northern component to the rapid global sea-level 
changes that several lines of evidence suggest occurred during 
MIS 3. 
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Although Ni has proven to be significantly fractionated in 
terrestrial samples1-2, leading to an enrichment in 60Ni of the 
oceanic ferromanganese crusts, no environmental studies has 
been realized yet. The present study aims to confirm the 
potential of natural Ni isotopes to better understand the Ni 
biogeochemical cycle and, in this case by focusing on the 
Barro Alto ultramafic (UM) complex (Goias, Brazil). 

This massif was submitted to an intense lateritic 
weathering and lateritic profiles are naturally rich in Ni. 
Moreover, UM massives, due to their economic importance, 
have been widely studied, for the natural Ni biogeochemical 
cycle and for their deep transformations due to mining and 
smelting activities. Thus, both natural (rock, ore, soil) and 
anthropogenic (slag, ash) materials have been investigated. 

Isotopic analysis were realized on a Neptune MC-ICP-MS 
at the Ifremer (France)2. Ratios are normalized with the Ni 
standard NIST SRM-986. Isotopic signatures  obtained for the 
reference materials Nod A1 (1.11‰±0.03‰), Nod P1 
(0.38±0.03‰) and BHVO-2 (0.01±0.02‰), are consistent with 
previous studies.  

Results from natural Ni geochemical cycle include bedrock 
samples (0.28±0.08‰), ore samples, both saprolitic and 
lateritic (from -0.60 to 0.30‰) and soil samples (from -0.19 to 
-0.02‰). A global trend of depletion of heavier isotopes is 
observed (Δ60NiSoil-Bedrock = -0.47‰), confirming an export of 
heavier isotopes in the dissolved phase.  

Anthropogenic samples were also investigated, as Barro 
Alto is an exploited massif. The mixed ore introduced in the 
process has a value (0.05‰) within the range of the saprolitic 
and lateritic ores measured previously. Ferronickel and ashes 
have a very close isotopic composition (0.04‰), consistent 
with a high yield of Ni in these samples (ashes have 2% Ni 
concentration), while slags are enriched in heavier isotopes 
(0.15‰). This pyrometallurgical process produces only small 
isotopic fractionation but further investigations have to be 
realized on nearby non-UM potentially impacted soils. 

 
[1] Gall et al EPSL 2013, 2 Gueguen et al GGR 2013 
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Continental crust has an average composition of 60.6 wt. 
% SiO2 [1] and hence is not in equilibrium with partial mantle 
melts. Fractional crystallization of mafic melts and the 
subsequent extraction of interstitial melt have been proposed as 
a mechanism to generate more evolved rocks in arc settings 
[2]. However, the rates, physical mechanisms and range of 
melt compositions produced by this magmatic process remain 
controversial, mostly due to a lack of direct observation in the 
rock record of exposed igneous bodies. Field studies and 
isotopic data indicate that decimetre-sized, lensoid-shaped, 
high-silica felsic segregations (≥ 70 wt. % SiO2) present in the 
gabbros (~ 49 wt. % SiO2) of the Guadalupe igneous complex 
(Sierran Foothills, California) have formed from their hosts by 
crystal-melt separation and melt segregation.  

Granophyric textures, large grain sizes and hydrous 
minerals in the segregations indicate rapid cooling under fluid-
rich conditions. Further, the spatial proximity of the 
segregations to gabbro layers lacking hydrous minerals 
indicate that those could have fed the segregations by filter-
pressing of fluid-rich, low-viscosity residual liquids. Single 
mineral chemistry of minerals in the segregations and the host 
gabbro and modelling with the thermodynamic program 
MELTS better constrain the chemical evolution of the parental 
magmas, rates and timing of melt segregation and the amount 
of crystallization in the crystal mush during melt extraction. 

Although the felsic segregations are not volumetrically 
significant in terms of continental crust production, it is 
however shown that they provide a potential high-silica 
endmember to mix with less evolved melts to form typical 
upper crustal granitoid bodies. 
 
[1] Rudnick & Gao (2014), Treatise on Geochemistry 3, 1-64. 
[2] Bachmann & Bergantz (2004), Journal of Petrology 45, 
1565-1582. 
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Millions of individuals worldwide are chronically exposed 

to hazardous concentrations of arsenic from contaminated 
drinking water. Despite massive efforts towards understanding 
the extent and underlying geochemical processes of the 
problem, numerical modelling and reliable predictions of 
future arsenic behaviour remain a significant challenge. One of 
the key knowledge gaps concerns a refined understanding of 
the mechanisms that underly arsenic mobilization and the 
quantification of the factors that affect this process. In this 
study we focus on developing and testing of appropriate 
numerical model approaches to represent the microbially 
mediated reductive dissolution of iron oxides and the 
concomitant release of sorbed arsenic. 

The initial model development was guided by data and 
hypothesized processes from a previously reported well-
controlled column study [1] in which arsenic desorption from 
ferrihydrite coated sands by variable loads of organic carbon 
was studied.  

The reaction network that was implemented into the 
reactive transport code PHT3D [2] simulates the reductive 
dissolution of ferrihydrite and associated iron phase 
transformation processes, which showed to play an integral 
part for arsenic mobilization and retention. It captures the 
impact of variable organic carbon loads and the corresponding 
increases in the rate of reductive dissolution of ferrihydrite and 
increased levels of arsenic mobilization. In addition the model 
simulations successfully reproduce the lab-observed iron phase 
transformations and the impact of these transformations (e.g., 
ferrihydrite to magnetite) on variations of arsenic sorption 
capacities and the associated arsenic mobility.   
 
[1] Tufano and Fendorf (2008) Environ. Sci. Technol. 42, 
4777-4783. [2] Prommer et al (2003) Ground Water 41(2), 
247-257. 
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Dynamic exchanges of water take place between rivers, 

riverbanks and adjacent aquifers. During high stages of the 
river, river water is hydraulically pushed into the riverbanks 
and adjacent aquifers. This water is gradually released back 
into river when the flow levels subside. Pollutants and other 
solutes also get carried into the riverbank and then released 
back into the river.  This temporary storage and gradual release 
of water is observed to be responsible for an increased 
presence of herbicides in rivers even during low flow 
conditions. It has been observed in the Cedar River in Cedar 
Rapids area of Iowa that dissolved atrazine concentrations 
increased by 75% due to groundwater discharge from bank 
storage. Such persistent presence of herbicides in surface 
waters is a point of concern to the environment. It is important 
to understand the factors and processes that cause an increased 
concentration of herbicides in river waters even during low 
flows. 

Data from a field study on the Cedar River flood plain west 
of Cedar Rapids Iowa is analyzed and used to set up a 
numerical model incorporating the dynamic processes of river 
water infiltration, adsorption, reaction, desorption, exfiltration, 
etc., using MODFLOW, MT3DMS and PHT3D. It was 
understood that though the hydraulic gradients were primarily 
driving the flow system, bio-geochemical processes would 
affect the storage, release and the persistence of the herbicides 
or their metabolites in the river. Various scenarios of the field 
conditions were carried out to study the fate and transport of 
the pollutants. Degradation of the herbicides and the fate of 
ensuing metabolites were also investigated to develop a model 
correctly representing the field situation. This kind of model 
can be extended to better explain the behavior of other water-
borne contaminants in riverine systems where surface water-
groundwater interactions occur.  
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The origin of Earth’s water is a longstanding mystery. 

There are three main candidate sources: the Solar Nebula, 
hydrated asteroids, and comets. The D/H ratio of Earth’s water 
is one convenient tool to discriminate between these sources.  
The two measured Jupiter-family comets provide a match to 
Earth, as do some carbonaceous chondrites.  Given that the 
terrestrial planets’ local building blocks are thought to have 
been dry, volatile-rich bodies must have been delivered from 
colder regions. This dynamical transport occurred during 
planet formation. Some of the most compelling arguments in 
this story come from dynamical models of terrestrial planet 
formation. In classical simulations with Jupiter and Saturn on 
fixed low-eccentricity orbits the terrestrial planets are doused 
with volatiles because their feeding zones extend out to 3-4 
AU. However, these simulations produce Mars analogs that are 
far too massive. Classical simulations with Jupiter and Saturn 
on more eccentric orbits reproduce Mars but volatile delivery 
is thwarted. The Grand Tack model proposes that the inner 
Solar System was sculpted by Jupiter’s inward-then-outward 
migration, creating an edge in the distribution of planetary 
embryos that naturally produced the large Earth/Mars mass 
ratio.  During Jupiter’s outward migration, primitive material 
was scattered inward both into the asteroid belt and past it, into 
the inner Solar System. Volatile-rich bodies – essentially the 
parent population of C-type asteroids – polluted the terrestrial 
planet region. Earth accreted a water budget comparable to its 
current one, as did the other terrestrial planets. The Grand Tack 
model is able to reproduce the key constraints in the inner 
Solar System, and it brings into question whether C-types and 
Jupiter-family comets share a common origin.   
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Roughly half of all Sun-like stars host planets of 1-20 

Earth masses with orbital periods shorter than 100 days.  These 
“hot super-Earths” are preferentially found in multiple-planet 
systems with tightly-packed orbital configurations. There exist 
two currently-plausible models for the origin of these systems. 
The first proposes that they form by standard in-situ accretion 
in massive protoplanetary disks.  The second invokes accretion 
during inward type 1 migration of a population of Mars-mass 
or larger planetary embryos. The bulk planetary compositions 
are expected to differ between the two models: planets that 
accrete in-situ should be dominated by refractory elements 
while migrated planets should contain a large fraction of 
volatiles.  However, the planetary radii and masses are difficult 
to measure with sufficient precision to make a clear distinction 
between models. The planets’ radii may also be inflated by 
thin gaseous envelopes. However, circumstantial evidence 
related to the hot super-Earths’ masses and orbital spacings 
argues against the in-situ accretion model. Challenges remain 
for the inward migration model but it remains a viable 
hypothesis.  
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Ca2+ is thought to play a central role in the structure and 

behavior of natural organic matter (NOM) and in its binding to 
mineral surfaces. There are, however, few molecular scale 
experimental data about how these interactions occur.  We 
present here the first 43Ca NMR spectroscopic data for Ca-
exchanged NOM: Suwanee River humic acid (HA) fulvic acid 
(FA). The spectra were collected at temperatures from    -173K 
to 273K at an H0 field of 20.0T under magic angle spinning 
conditions after equilibration of the sample at 100% R.H. over 
D2O.  For HA at 273K, there is a single, relatively narrow 
resonance at ~-4 ppm that at 173K resolves into two broader 
resonances at ~3 and -14 ppm. In contrast, for FA at 273K 
there is a single narrow resonance at ~2 ppm that becomes 
progressively broader with decreasing temperature, covers a 
larger chemical shift range than for HA, and remains centered 
at approximately the same chemical shift. For both samples, 
the line broadening with decreasing temperature demonstrates 
dynamical averaging over the Ca2+ sites at frequencies of the 
order of 100 kHz at room temperature.  The chemical shifts are 
broadly similar to those of Ca carbonates (~20 to -25 ppm), 
and the -14 ppm resonance for HA  is very similar to those of 
Ca acetate and Ca ascorbate.  43Ca chemical shifts are known 
to correlate with Ca-O bond distances and coordination 
number (e.g., Singer et al., 2012), and our results suggest that 
its dominant interaction in NOM is with carboxylic and 
phenolic sites, although amine sites may also play a role. This 
conclusion is in agreement with previous molecular dynamics 
modelling (Iskrenova-Tchoukova, et al, 2010). The signal 
intensity for the FA is much greater than for the HA, as 
expected from its greater O-content.  
 
[1] Singer, J.W., Yazaydin, A.O., Kirkpatrick, R.J., and 
Bowers, G.M., 2012, Chem. Materials, 24, 1828-1836. [2] 
Iskrenova-Tchoukova, E., Kalinichev. A.G., and Kirkpatrick, 
R.J., 2010, Langmuir, 26, 15909-15919. 
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Hydrothermal alteration deep in the Butte porphyry copper 
deposit includes biotite, andalusite, muscovite, K-feldspar and 
plagioclase (An30) that formed at ~650ºC [1].  Shallow 
alteration contains muscovite, chlorite and pyrite in some 
settings, and epidote, chloirte, carbonates, albite and K-
feldspar in others [2].  Geochemical modeling of reaction of a 
magmatic fluid with the Butte granite in the range of 600°C to 
200°C at 100 MPa shows that one single fluid composition 
produces veins and alteration of every variety observed. 
Temperature decrease, itself, causes change in mineral 
assemblages, but its effects are coupled with pH decrease from 
neutral to acidic as temperature decreases, and with acid 
neutralization by rock reaction along a fluid flow pathway.  

The computations illuminate why the particular 
assemblages in zoned vein envelopes (Figure below) form, and 
how one alteration assemblage evolves upward to another with 
decreasing temperature over a scale of many hundreds of 
meters.  If one fluid type yields all vein stages and alteration 
types, then the cause of the variations in veins and alteration 
lies not in magmatic processes, but entirely in the 
hydrothermal regime and the staging of delivery of fluids into 
the fracture system.  The occurrence of a single fluid 
composition is supported by measurements of fluid inclusions 
in the Butte system [3], which show that the salinity and CO2 
concentration of primary fluids is similar in all Butte Pre-Main 
Stage vein types, suggesting a common origin. 
 

 
 
 
 
 
 
 
 

 
 
Zoned envelope: inner musc-chl to outer K-feld-musc-bi. 
 
[1] Mercer, C., and Reed, M., 2013, Economic Geology 108, 
1347-1377.  [2] Reed et al 2013, Economic Geology, 108, 
1379–1396. [3] Rusk, B., et al 2008, Economic Geology, 103, 
307-334. 
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Hydrous components, including structural H2O and OH, 

are present in biogenic and synthetic amorphous calcium 
carbonate (ACC) in variable amounts depending on the 
organism and conditions of formation. Hydrous components 
have become a focus of particular interest inasmuch as 
transformation of hydrated ACC to crystalline calcium 
carbonate may be linked to loss of H2O. Thermal analysis 
combined with NMR spectroscopy shows that multiple 
hydrous components are present in many ACC samples and 
their type and proportion influence stability and transformation 
of ACC to crystalline calcium carbonate. These hydrous 
components can be differentiated on the basis of NMR data, 
and include translationally rigid structural H2O, restrictedly 
mobile H2O, fluid-like H2O, and OH.  Comparison of biogenic 
and synthetic ACC reveals that some hydrous components 
present in hydrated synthetic samples are absent in hydrated 
biogenic samples. ACC samples that differ in their hydrous 
components also exhibit differences in stability and 
transformation behavior, as well as differences in 
crystallization temperature with heating. 

Observed differences in hydrous component populations 
among ACC samples are linked to synthesis method or 
environment of formation, demonstrating that pathway of 
formation influences ACC properties and transformation 
behavior. 

Different populations of hydrous components in ACC do 
not result in significant structural differences as revealed by 
total X-ray scattering and pair distribution function (PDF) 
analysis. When compared to hydrated synthetic samples, only 
small differences are observed in X-ray PDFs of ACC partially 
dehydrated via thermal treatment. Whereas lack of sensitivity 
of X-rays to H atoms is partly responsible for this, it is also 
likely that much of the underlying coordination of calcium and 
carbonate is only minimally affected by differences in the 
amount and type of H2O present. The structural roles of 
different types of hydrous components, along with the 
presence of additives, appear to be the main factors that control 
properties and behavior of ACC.  
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Until recently, stable isotope analysis of tree ring cellulose 

had only infrequently been applied to fossil wood from deep 
time, largely due to the scarcity of suitable wood samples. 
However, it is potentially a very useful tool for investigating 
past hydrological changes in the geological record. Here, we 
present the results of a study applying this technique to a 
unique set of fossil wood samples from the Transantarctic 
Mountains, Antarctica. 

In recent decades the East Antarctic Ice Sheet (EAIS) has 
been the subject of a somewhat controversial debate over 
whether it has been a stable or dynamic feature between 14 and 
3 million years ago, a period in Earth’s history when the 
climate was several degrees warmer than today. The question 
remains; has the ice-sheet remained stable over the past 14 
million years, or did it collapse in response to brief warming 
periods?  

A suite of exceptionally well-preserved fossil wood 
fragments, identified as Nothofagus beardmorensis, has been 
recovered from paleosol deposits in the Sirius Group sediments 
at Oliver Bluffs in the Beardmore Glacier region, 
Transantarctic Mountains, Antarctica (85° S). The fossils are 
thought to be 3-14 million years old, possibly representing the 
last vestiges of woody vegetation on Antarctica at a time when 
the EAIS was considerably smaller than today. Analysis of 
plant compound isotope ratios from these fossils – namely, 
cellulose and leaf waxes – provide unique insight into global 
climate during this vital part of Antarctica's history, and is the 
first time this technique has been applied to the Antarctic 
continent. 

Initial results from δ18O analysis of tree ring cellulose 
suggest the plants had access to surface water that was 
significantly enriched (~10‰) relative to precipitation at 
similar latitudes today. We also use leaf wax δD to further 
interrogate this. Our results imply that atmospheric circulation 
patterns were markedly different as a result of warmer 
temperatures and smaller ice sheets during this time period. 
We discuss shorter water vapour pathways and increased 
precipitation at lower southern latitudes as possible 
mechanisms for such a change. 
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X-ray absorption spectroscopy at the C K-edge has great 
potential as a tool for understanding organic sorption 
mechanisms by mineral surfaces.  By exciting core level 
electrons into unoccupied molecular orbitals the bonding 
environment and distribution of functional groups of C atoms 
can be probed.  Measurements of bulk, untreated samples 
make the technique widely applicable for researching organic 
mineral interactions related to petroleum production, land 
reclamation and climate modelling. 

Challenges related to C K-edge NEXAFS measurements 
arise from carbon contamination of the beamline optics, the 
presence of higher order light in the incident beam and sample 
decomposition due to the absorbed radiation.  These challenges 
have limited the widespread use of bulk C K-edge NEXAFS 
for the study of environmental samples.  

At the Spherical Grating Monochromator (SGM) beamline 
at the Canadian Light Source (CLS) a concerted effort is 
underway to validate C K-edge NEXAFS for environmental 
samples.  The implementation of silicon drift detectors allows 
element-specific partial fluorescence yield measurements and 
an accurate normalization method.  Slew scanning of the 
beamline energy coupled with fast data acquisition reduces 
beam damage and allows higher throughput. These 
improvements now allow the systematic measurements of a 
broad set of reference organo-mineral systems. 
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The Cretaceous Chilean Iron Belt comprises more than 40 

iron oxide-apatite (IOA) "Kiruna-type" deposits that extend 
~600 km along the Coastal Range of northen Chile and occur 
within the domain of the southernmost segment of the sinistral 
strike-slip Atacama Fault System. The origin of these massive 
magnetite ores remains controversial and fundamentally 
different formation processes have been suggested. These 
include liquid immiscibility, magmatic hydrothermal 
replacement, and hydrothermal precipitation in the sense of 
IOCG-type deposits.  

Here we focus on the so far poorly studied magnetite 
chemistry of IOA orebodies in the Chilean Iron Belt. Back-
scattered electron (BSE) imaging of samples from the Los 
Colorados deposit (~70 Mton Fe) shows that magnetite is 
characterized by complex textural features that are closely 
related to chemical composition, including oscillatory and 
sector zoning. Preliminary EMPA analyses and detailed 
wavelength-dispersive spectrometry (WDS) X-ray maps reveal 
that main-stage magnetite cores are rich in Ti, V, Al, and Mn 
(up to 0.9, 0.7, 0.9, and 0.3 wt. %, respectively). 
Concentrations of these elements decrease significantly from 
core to rim, with late-stage magnetite rims containing the 
lowest amounts of Ti, V, Al and Mn. 

When plotted on (Ti+V) vs. (Ca+Al+Mn) [1] and (Ti+V) 
vs. (Al+Mn) [2] diagrams, the Los Colorados data show a 
decreasing (cooling) trend from high Ti-V-Al-Mn-bearing 
cores, similar to igneous magnetite from porphyry and Fe-Ti, 
V deposits, to lower Ti-V-Al-Mn rims that plot in the Kiruna 
field. These results strongly suggest that magnetite at Los 
Colorados records magmatic signatures that are locally 
overpinted by later events of hydrothermal alteration and 
remobilization.  

 
[1] Dupuis and Boudoin (2011) Miner. Deposita 46, 319-335. 
[2] Nadoll et al (2014) Ore Geol. Rev. (in press). 
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The >600 km3 Bishop Tuff (BT) is an important 

benchmark in geochronology as well as a valuable source of 
insights into the evolution of voluminous explosive eruptions. 
A weighted mean 206Pb/238U date of 767.1±0.9 ka for a BT 
zircon population analyzed by TIMS [1] is, however, distinctly 
younger than a mean 850 ka pre-eruption age previously 
obtained by SIMS dating [2]. To confirm or refute these older 
ages, our work employed rim and interior SIMS U-Pb analyses 
performed during the same analytical session, running 
conditions optimized for minimal Pb contamination and matrix 
interferences, verification of age accuracy against a Quaternary 
age zircon standard, and a comparison between annealed and 
non-annealed grains. Rim dates on early- and late-erupted BT 
zircon average 766±7 ka (2σ; MSWD=0.86), and dates on 
annealed and non-annealed grains are indistinguishable. The 
mean rim dates are in excellent agreement with an Ar/Ar 
eruption age of 767.4±2.2 ka calibrated against an 
astronomically tuned FCs age of 28.172 Ma [3] and 
corroborate the importance of near-eruption aged zircon 
growth. Dates obtained at ~10 µm depth (representing <60% 
crystal growth in most cases) average 794±10 ka 
(MSWD=1.50), and are 28 ka older than rim dates obtained in 
the same analytical session. These corroborate previous 
evidence for zircon residence times of several tens of ka [2,4]. 
A possible scenario for evolution of the BT and the dynamics 
of zircon crystallization is as follows: (1) zircon nucleation and 
relatively rapid growth tens of ka before eruption; (2) 
significant decrease or cessation of zircon growth altogether; 
followed by (3) mantling of earlier zircon cores by 
rejuvenation and renewed BT zircon growth during the lead-up 
to eruption. 

 
[1] Crowley et al (2013) Geology 35, 1123-1126. [2] Simon 
and Reid (2005) EPSL 235, 123-140. [3] Rivera et al (2011) 
EPSL 311, 420-426. [4] Chamberlain et al (2013) J. Petrol. in 
press. 
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The 182Hf-182W decay system, with a half-life of ~9 Ma, has 

been used to investigate various differentiation and 
accretionary processes within our solar system. In particular, 
recent advances in high-precision W-isotope measurements 
have demonstrated excesses of 182W in ancient terrestrial rocks 
relative to the modern accessible mantle [1, 2].  These 182W 
excesses have been attributed to either the addition of a Late 
Veneer of meteoritic materials [1], lowering the 182W/184W of 
the silicate Earth to present-day values, or early Earth 
differentiation processes [2].    

The Acasta Gneiss Complex (AGC) in the Northwest 
Territories, Canada, contain the world’s oldest rocks directly 
dated using U-Pb geochronology [3-4]. Gabbroic to granitic 
gneisses within the AGC have crystallization ages from 4.03-
3.4 Ga [5], an important time interval for the studying 
evolution of the early Earth.  The complex field relationships 
within the AGC coupled with the large range of ages present 
makes it imperative to have good geological and 
geochronological control on samples used for any geochemical 
tracer work. 

We present high-precision W-isotope data from 
homogeneous, well-documented gabbroic to granitic gneisses 
within the AGC with crystallization ages ranging from  ~3.4 to 
4.02 Ga. Initial data suggest these rocks have 182W/184W ratios 
deviating from the modern accessible mantle ratio by up to +16 
ppm (0.16 ε units).  We will discuss the secular evolution of 
the W-isotope anomaly, as well as correlations between 
measured anomalies and rock type, within the Acasta Gneiss 
Complex and their importance for understanding crust-forming 
processes on the early Earth.  
 
[1] Willbold, M. et al Nature 477, 195-198 (2011); [2] 
Touboul, M. et al Science 335, 1065-1069 (2012); [3] Stern & 
Bleeker, (1998) Geosci Can 25, 28-31; [4] Bowring & 
Williams, (1999) Cont. Min. Petro. 134, 3-16; [5] Iizuka et al 
(2007) Precambrian Research 153, 179-208.   
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Two experiments were conducted in which water from a 
nuclear test cavity in Nevada containing high concentrations of 
natural colloids and 3HHO was tranported through columns 
packed with a crushed volcanic tuff.  In one experiment, the 
cavity water was spiked with 137Cs, and in the other it was 
spiked with 239Pu(IV) nanocolloids.  The radionuclides 
strongly partitioned to the natural colloids present in the water.  
A separate column was used for each experiment.  After the 
breakthrough curves of the radionuclides and colloids were 
obtained, the unanalyzed portion of the samples having 
relatively high concentrations were combined and re-injected 
into the respective columns as a second pulse.  This procedure 
was repeated again for a third injection.   

We observed measurable filtration of the colloids after the 
first injection into each column, but the subsequent injections 
exhibited no apparent filtration, suggesting that the colloids 
that remained mobile after relatively short transport distances 
were more resistant to filtration than the initial population of 
colloids.  Likewise, we observed significant desorption of 137Cs 
from the colloids after the first injection, but subsequent 
injections exhibited much less 137Cs desorption (much greater 
137Cs colloid-associated transport), suggesting that the 137Cs 
that did not desorb during the first injection represented a 
fraction that was more strongly adsorbed to the mobile colloids 
than the initial 137Cs inventory.  The 239Pu recoveries decreased 
in the second injection compared to the first, then increased in 
the third injection.  We will discuss potential explanations for 
this observation, but the greater recovery in the third injection 
compared to the second suggests that the mobile fraction of 
colloid-associated Pu tended to transport more efficiently with 
time and distance, similar to the Cs.  These results suggest a 
transport scale dependence in which the fraction of colloids 
and colloid-associated radionuclides remaining mobile at 
downstream points along a flow path have a greater tendency 
to continue to remain mobile along the flow path than colloids 
and radionuclides observed at upstream points.  This ‘natural 
selection’ process for highly mobile colloids and colloid-
associated radionuclides has significant implications for 
predictive models of colloid-associated radionuclide transport 
over large distances. 
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Although the behavior of noble gases in minerals is often 

modeled as simple thermally-activated volume diffusion of 
interstitial impurities through ideal crystal lattices, radiation 
damage defects strongly affect noble gas mobility (and 
probably solubility). This is well recognized at high radiation 
doses in some minerals, but growing evidence also shows 
important effects at low doses. Evidence includes large 
differences between experimentally observed noble gas 
retentivity and that predicted from ab initio models, persistent 
deviations from simple Arrhenius behavior, and changes in 
anisotropy, apparent kinetic parameters, and bulk retentivity 
with increasing accumulated radiation dose. 

Alpha, fission, and nucleogenic reactions produce point 
defects by alpha particles as well as large regions of disorder 
by recoil of massive nuclei. The distinct effects of these types 
of damage on noble gas mobility are poorly known. Vacancies 
associated with point defects and disorder regions may locally 
increase ionic porosity and interstitial apertures, thereby 
locally increasing noble gas mobility, but if these regions are 
not interconnected across diffusion domains they may actually 
decrease mobility (and increase solubility) by 
trapping/partitioning or increasing tortuosity through 
anisotropic apertures. It is therefore likely that radiation 
damage has different effects on bulk retentivity across the 
damage dose spectrum as isolated vacancies and high ionic 
porosity regions become interconnected. But which types of 
damage become connected at which doses, and how different 
damage types anneal with time and temperature are poorly 
understood. 

The diversity of models describing radiation damage 
effects on noble gas mobility also reflects our primitive 
understanding. For example, most models for noble gas 
migration in metals and some other materials consider volume 
diffusion negligible, interpreting He release as controlled by 
first-order "single-jump" mechanisms describing detrapping or 
trap destruction; this has also been proposed for He in zircon. 
Another example is fundamentally different mechanistic 
models (trapping versus tortuosity) for qualitatively similar 
changes in He retentivity with accumulated damage at low 
dose in apatite and zircon. 
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Redox transformations of mercury in marine surface 

waters affect the exchange of mercury between the ocean and 
atmosphere1 and the accumulation and isotopic fractionation of 
mercury in marine food webs.2,3 Previous studies in marine 
systems showed simultaneous photochemically-driven 
reduction of Hg(II) and oxidation of Hg(0)4 but the role of 
planktonic organisms in these processes is unclear. The roles 
of microbes and light in the net redox balance of inorganic 
mercury was examined in shipboard incubation experiments 
within a coastal marine system of the western North Atlantic 
and in laboratory experiments with cultured phytoplankton.  In 
unfiltered estuarine and coastal marine surface waters exposed 
to ambient visible plus UV light, the net redox balance was 
toward the reduction of Hg(II). In continental shelf surface 
waters, far from the influence of coastal runoff, however, the 
reduction and oxidation of inorganic Hg were approximately 
balanced. Upon removal of planktonic microbes and other 
particles (>0.2 um) or light from unfiltered water, net reduction 
of Hg(II) decreased or the redox balance shifted to net 
oxidation of Hg(0). Removal of UVB radiation from unfiltered 
water had a much smaller effect than removal of all light 
indicated that photoreduction was at least partially driven by 
UVA or visible light. The oxidation of Hg(0) occurred in the 
dark and was largely independent of the presence of planktonic 
microbes or other suspended particles. Together with 
laboratory experiments showing the reduction of intracellular 
Hg(II) in cultured phytoplankton, these results indicate that the 
net reduction of Hg(II) in coastal marine surface waters 
depends on the presence of both planktonic microbes or other 
suspended particles as well as light. The intracellular 
environment of planktonic microbes living in the photic zone, 
which has high intracellular concentrations of Hg(II) and 
reactive oxygen species, may therefore be an important site of 
mercury reduction in the marine environment. 

 
[1] Mason, R.P. et al (2001). Deep-Sea Research 48: 2829–
2853. [2] Senn, D. B. et al (2010). Environmental Science and 
Technology 44: 1630-1637. [3] Point, D. et al (2011). Nature 
Geoscience 4: 188-194. [4] Whalin, L. et al (2007). Marine 
Chemistry 107(3): 278-294  
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The redox state of Earth’s surface over geological 

timescales is controlled by the flow of electrons through the 
sedimentary rock cycle, mediated by the weathering and burial 
of C-S-Fe phases. These sedimentary processes act to buffer 
atmospheric pO2 [1]. At the same time, it is appreciated that 
CO2 influxes and carbonate burial control seawater acid-base 
chemistry and climate over long timescales via the silicate 
weathering feedback [2]. However, redox and acid-base 
processes operating on the fluid Earth are mechanistically 
linked and impact each other via charge balance in the 
hydrosphere [3,4]. We have developed a simple numerical 
model of the sedimentary rock cycle and marine carbonate 
system designed to interrogate a subset of these connections, 
with a focus on net redox balance in the sedimentary rock 
cycle. Model calculations of end-member scenarios illustrate 
an important hysteresis in carbonate burial rates attendant to 
protracted imbalances in the redox budget of Earth’s crust and 
sediments. We apply this approach to the Neoproterozoic 
sedimentary record associated with the low latitude glaciation, 
including deposition of “cap carbonates”. We find that these 
linkages may be able to explain, at least in part, both the signal 
feature of this event—strongly pulsed carbonate burial—as 
well as it’s striking sedimentary redox character, including iron 
formation and unusual sulfur cycling.  
 
[1] Kump & Garrels, AJS, (1986) [2] Walker et al JGR (1981) 
[3] Higgins et al EPSL (2009) [4] Tziperman et al PNAS 
(2011) 
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The fate and transport of uranium(VI) in waste-weathered 
sediments is controlled by solid phase precipitation and 
sorption during initial release, and subsequently by dissolution, 
desorption and transformation in groundwater aquifers over 
time. Understanding these processes at a molecular scale and 
quantification of dissolution rates in simple systems are crucial 
for improving predictions of uranium migration in complex 
subsurface systems. Towards that goal, dissolution of two 
oxyhydroxide U-minerals, compreignacite, 
K2(UO2)6O4(OH)6·3H2O, and Na-compreignacite, 
Na2(UO2)6O4(OH)6·3H2O, potentially present in uranium 
contaminated Hanford sediments was investigated in flow-
through column experiments. 

Pure mineral phases were synthesized from uranyl nitrate 
and K2CO3 or Na2CO3 salts at elevated temperature and 
pressure. Synthesized solids were characterized by XRD, 
SEM, N2-BET surface area, digestion and elemental analysis, 
thermogravimetric analysis, and extended X-ray absorption 
fine structure (EXAFS). Dissolution rates were measured using 
1 cm3 flow-through columns filled with a 1:4 U-mineral 
:quartz mixture and leached upwards (0.037 mL min-1) with 
simulated groundwater for 1400 pore volumes (172 h). 

Constant U effluent concentrations were reached after 400 
PV for compreignacite columns and 800 PV for Na-
compreignacite columns. Apparent steady-state dissolution 
rates normalized to BET surface area were slightly higher for 
Na-compreignacite than compreignacite (2.81·10-13 vs. 5.78·10-

14 mol m-2 s-1). Solid samples after column reaction were 
analyzed by EXAFS to identify changes in U speciation during 
leaching. Linear combination fits of reacted Na-
compreignacite with reference spectra suggest that a large 
fraction of U is no longer bonded in the mineral structure but is 
either re-adsorbed to quartz or present in an altered surface 
layer. Uranium speciation in compreignacite columns however 
remained mostly unaltered (within the detection limits of LC-
EXAFS). Reactive transport modeling of U breakthrough and 
steady-state dissolution is in progress (using CrunchFlow) 
incorporating mineral dissolution, ion exchange, sorption and 
complexation reactions. 
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Acidic in situ recovery (ISR) is used to extract uranium 
from low-grade ore by delivering sulfuric acid to U-bearing 
sandstone formations and recovering the oxidized and 
dissolved uranium. In this study, we probe the geochemical 
conditions and the microbial communities affiliated with ISR 
mining in order to evaluate the biotic contribution to the 
potential for the mined aquifer to recover its initial pH and 
redox potential. The acidic treatment induces strong Bacterial 
and Archaeal community shifts. The geochemical 
characterization indicates that the ISR environment is 
analogous to acid mine drainage (AMD) (e.g. high sulfuric 
acid and dissolved metal concentrations) and coupled 
metagenomic analyses reveal similarity to AMD microbial 
communities. Mining microbial communities contain both 
acidophilic iron and sulfur reducers which will be crucial to 
natural attenuation processes. Based on these results, 
hypotheses regarding the rate and efficacy of natural 
attenuation may be formed and the evaluation of other 
potential active means of remediation explored. The data 
presented here are a direct result of unique access to ISR 
mining operations in Kazakhstan and represent one of the first 
studies, to our knowledge, to investigate the microbial lifecycle 
of acidic ISR and its concomitant remediation potential in 
Central Asia. 
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Carbon dioxide is a common ingredient in magmatic-

hydrothermal ore-forming systems that undergo boiling, such 
as porphyries and magmatic iron oxide deposits. An 
understanding of the effect of CO2 on metal transport and 
vapour-liquid partitioning in these deposits is, therefore, 
critical to ore system modelling, yet this topic remains largely 
unexplored.  

Using a large-volume titanium autoclave designed for 
sampling immiscible fluids, we have begun a series of 
experiments on the vapour-liquid partitioning of metals in 
aqueous-carbonic fluids. The results of this study are of 
particular use in deciphering metal transport in boiling ore 
systems with multiple coexisting metals, e.g., the poorly-
understood magmatic iron oxide (±copper-gold-uranium-
REE)-type deposits. 

Interestingly, while the vapour-brine fractionation of 
chemically disparate elements such as Cu and the HFSE are 
quite different in CO2-free aqueous fluids [1,2,3], our initial 
experiments have produced identical partitioning coefficients 
for Cu and U between CO2-rich water vapour and CO2-poor, 
NaCl-rich liquid (DV/L). At 400°C and a bulk CO2 content of 
2.6 m, DV/L for both Cu and U increase from 0.01±0.002 to 
0.2±0.1 with increasing total pressure from 320 to 360 bar. 
This unanticipated result suggests that carbon dioxide exerts a 
control over the fraction of Cu and U partitioned into the 
vapour phase, though whether this is due to a salting-out effect, 
chemical speciation or some other mechanism is still unknown.  

Further experiments are underway in the newly-developed 
experimental geochemistry laboratory at Curtin University to 
measure the partitioning of Cu, U and other metals in fluids of 
variable CO2 contents. 

 
[1] Shmulovich, Heinrich, Möller & Dulski (2002), Contrib. 
Mineral. Petrol. 144, 257-273. [2] Pokrovski, Roux & 
Harrichoury (2005), Geology 33, 657-660. [3] Rempel, 
Liebscher, Meixner, Romer & Heinrich (2012), Geochim. 
Cosmochim. Acta 94, 199-216.  
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The role of microorganisms is crucial in soil organic matter 
(SOM) stabilization processes. However, fine scale 
mechanisms controlling the attachment of microbial products 
to soil minerals are not fully understood. Although mg-scale 
techniques are very useful to determine assimilation rates and 
fluxes of matter through the soil system, only micron scale 
techniques could resolve the questions about the role of 
mineral-microorganism interactions in SOM formation. 

A surface forest soil was amended with glycine uniformly 
labelled with 13C and 15N, and incubated for 8 hours. A 
sequential density fractionation was then applied to isolate 
several classes of aggregates and single mineral particles. The 
same experiment was performed on a sterilized soil that was 
subjected to gamma-irradiation. Using nano-scale secondary 
ion mass spectrometry (NanoSIMS), we have investigated the 
spatial distribution of freshly produced microbial metabolites 
on various types of organo-mineral associations. This 
technique is able to map isotopes at submicron scale lateral 
resolution [1, 2] 

The comparison of sterile and non-sterile soil reveals that 
microbial activity is responsible for more than 85% of stable 
SOM freshly produced from glycine. C and N are decoupled, 
indicating that glycine is quickly reprocessed. Using accurate 
determination of the elemental C/N ratio [3], we observe that 
15N-rich microbial products are preferentially attached to 
preexisting N-rich OM around OM/mineral assemblages, 
mostly aggregates. However, they appear more keen on 
sticking onto C-rich OM in the case of (hydr)oxides/OM 
associations. 13C-rich microbial product occurrences appear 
scarce and likely in the vicinity of microbial cells. 

Fine scale isotopic imaging shows that the attachement of 
fresh microbial products to the soil matrix appears driven by 
distinct processes in the case N- or C-rich metabolites.  

 
[1] Vogel et al (2014) Nat. Commun. 5 2947. [2] Keiluweit et 
al (2012), GCA 95, 213-226. [3] Hatton et al (2012), Rapid 
Commun. Mass Spectrom. 26, 1363–1371.  
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The mercury methylation in aquatic systems has been 

linked to the growth of several anaerobic microbes such as iron 
reducers, sulfate reducers and methanogens, while both biotic 
and abiotic processes describe the demethylation. Although 
many studies have focused on pure microbial cultures, few 
investigations have been performed with biofilms, which are 
one of the major microorganism life in aquatic systems. Some 
previous works showed a greatest mercury methylation 
potential in biofilms than with planktonic bacteria in water 
column. However, this issue is still under discussion. 

This present study investigates the potential of Hg(II) 
methylation and demethylation in biofilms versus planktonic 
cells in the water column and surface sediment in an eutrophic 
pond. Water, sediments, and/or intact or dispersed biofilms, 
were incubated with spikes of 199Hg2+ and CH3

201Hg2+ for seven 
days. These isotope species were monitored by GC-ICP-MS 
over the time. The Hg(II) methylation and demethylation 
potentials were normalized in relation to the cell density in 
order to achieve specific rates. The results showed that 
preserved biofilms have a greatest Hg(II) methylation rate than 
ultrasound dispersed biofilms and planktonic cells. Moreover, 
planktonic cells exhibited a higher demethylation rate than 
sediments or biofilms. Therefore, this study highlights that 
planktonic cells and biofilms have a different contribution to 
the net methylation of Hg(II). 
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The modern subarctic North Pacific constitutes one of the 
high-nutrient-low-chlorophyll regions of the modern ocean, 
where nitrate is perennially abundant at the surface. In a 
sediment core from the western subarctic North Pacific (SNP), 
we report the foraminifera-bound δ15N (FB-δ15N, in 
Neogloboquadrina pachyderma and Globigerina bulloides) 
and diatom-bound δ15N (DB-δ15N) back to the last glacial 
maximum (LGM), to infer past changes in the degree of 
surface nitrate consumption. The δ15N of all recorders is higher 
during the LGM, indicating more complete nitrate 
consumption over the course of the spring-to-summer 
maximum in phytoplankton growth. N. pachyderma FB-δ15N 
is similar to DB-δ15N in the Holocene but 2.3‰ higher than 
DB-δ15N during the LGM, a difference that is consistent with 
reduced wintertime nitrate supply during the LGM. Unlike 
DB-δ15N, FB-δ15N does not decrease from the LGM into HS1, 
which supports the previous suggestion that the HS1 DB-δ15N 
drop is due to contamination by sponge spicules. FB-δ15N 
decreases in the latter half of the Bolling/Allerod (B/A) warm 
period, rises weakly during the Younger Dryas (YD) cold 
period, followed by a decline into the mid-Holocene. The FB-
δ15N records, together with changes in the biogenic flux 
reconstructed from this site, suggest that the coupling between 
cold climate and reduced nitrate supply that characterizes the 
LGM-to-Holocene difference also applied to the deglacial 
events. The indications for this coupling are strengthened by a 
correction of the FB- and DB-δ15N data for denitrification-
driven increases in the δ15N of subsurface nitrate during the 
B/A and post-YD period. 
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High Zr-bearing amphibole and pyroxne have been studied 
in the 28-32 Ma high alkalinity igneous rocks, Big Bend 
National Park (BBNP), Texas. The magmatic activities were 
either volcanic or shallow intrusive. The 32 Ma Pine Canyon 
Caldera, a small (6–7 km diameter) ash-flow caldera located at 
the south eastern BBNP, contains peralkaline (sodium-rich) 
rhyolite and equivalent intrusions. The majority Zr 
concentrations are around 0.5 to 4 wt% in subhedral amphibole 
crystals. The Zr shows clear enrichment at the rim of 
amphibole. In a slightly devitrified Pine Canyon rhyolite, the 
Zr content in anhedral small amphibole grains can reach up 
to18 wt% ZrO2. The 28 Ma Peña Mountain, located in western 
BBNP, is a small near surface intrusion. The light color 
syenodiorite contains localized vapor phase minerals within 
vesicles and large cavities. The amphibole can contain up to 5 
wt% ZrO2. The coexisting clinopyroxene in all these rocks do 
not have detectable Zr content. The Zr contents in the 
amphibole display negative correlations with Fe, Ca, Na and F. 
No clear trends can be observed between Si and Al with Zr.  
Zirconium should mainly substitute Fe, Ca and might affect Na 
site occupancy. It is believed that the high alkalinity of the 
magma system in BBNP has buffered the zircon stability and 
response to the formation of Zr-bearing amphibole.  
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The growth of gypsum seed crystals from supersaturated 

solutions has been widely studied under various experimental 
conditions (e.g. temperature, ionic strength and degrees of 
saturations), but only few studies considered the impact of 
pressure. In the present study, the investigation of gypsum 
growth has been extended from atmospheric pressure to 
pressures of up to 100bar. 

A series of pressurized batch and flow-through 
experiments were conducted in order to establish the solubility 
and crystal growth rates of gypsum at high pressures (25, 35, 
50, 70, 100bar). Experiments were performed at 25°C in a high 
pressure titanium reactor by mixing CaCl2 and NaSO4 
solutions, reaching an initial degree of saturation in respect to 
gypsum of Ω=1.81.  

Solubilities attained in the batch experiments accurately 
match the new PHREEQC ver.3 predictions, in which pressure 
is one of the new variables. Preliminary flow through 
experiments, show that crystal growth rates slightly change as 
a function of pressures. The observed changes in the crystal 
growth rates occur due to the effect of pressure on the apparent 
molar volumes of species in the solution, the latter changes the 
mineral solubility, as has been recently suggested by Appelo et 
al. [1], based on thermodynamic considerations. 
 
[1] Appelo, Parkhurst & Post (2014), Geochim. Cosmochim. 
Acta 125, 49-67. 
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The marine biogeochemical carbon cycle is intrinsically 

linked to the marine biogeochemical sulfur cycle, via the 
oxidation of organic carbon during bacterial sulfate reduction.  
Over geological time, this coupling of the carbon and sulfur 
cycles is often explored using the carbon and sulfur isotopic 
composition of aqueous carbonate and sulfate.  Over the course 
of the early Cenozoic, the carbon isotope composition of 
foraminiferal calcite suggests a major reorganization of the 
carbon cycle, with enhanced organic carbon burial in the 
Paleocene, and subsequent oxidation of this organic carbon or 
increased volcanism through the Eocene.  Over this same time 
period, however, the sulfur isotope composition of marine 
barite exhibits only one shift of 5‰ in the early-to-mid 
Eocene.  One complication of interpreting the coevolution of 
the carbon and sulfur cycles over the Cenozoic, however, is the 
fact that the mineral proxies used to reconstruct each cycle 
may not be temporally coincident, and may be extracted from 
different sediment cores in different ocean basins, leading to 
age-model uncertainty when the records are merged. To 
properly ascertain the phasing between early Cenozoic changes 
in the carbon and sulfur cycles, we would ideally measure 
carbon and sulfur isotopes on the same mineral.   

A new sulfur isotope analytical technique [1] has been 
optimised for foraminiferal calcite as a proxy for seawater 
δ34SSO4.  The δ34SSO4 in foraminiferal calcite can then be tied to 
records of carbon isotopes from stratigraphically identical 
samples, resolving previous age model uncertainties.  We 
present coupled carbon and sulfur isotope records from the 
same core over the early-to-mid Eocene, to better resolve the 
relative timing of changes in the carbon and sulfur cycles. We 
use a numerical model to explore the relative changes in the 
carbon and sulfur cycles in the early-to-mid Eocene. 
 
[1] Paris et al 2013 Chemical Geology, 345, 50-61  
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Devonian Marcellus Shale drill core from Beaver 

Meadows, NY, shows ellipsoid-shaped grains containing both 
barite and pyrite. Interestingly, the fraction of barite to pyrite 
within individual grains varies from 100% to <10% over a 
depth of a mm to cm in the core. Mineralogical 
characterization correlated with in-situ S isotope analysis 
(Secondary Ion Mass Spectrometry, or SIMS) was performed 
to better understand the diagenetic conditions under which 
these grains formed. The grain size and mineralogy of the 
barite-pyrite grains suggest a diagenetic origin (rather than 
biogenic), and that pyrite replaces barite. The median δ34S of 
barite and pyrite in grains containing both minerals is 63.82 
±0.45‰ and 1.69 ±0.34‰, respectively. The median Δsulfate-

sulfide= 62.13‰ is greater than the 2-46‰ fractionation that is 
commonly associated with bacterial sulfate reduction in marine 
sediments. Mass balance calculations suggest that barite could 
not have been the sole source of reduced S in the replaced 
grains with  77% percent of the S in pyrite derived from an 
additional source with δ34S = −16.4‰. Based on our results, 
we suggest the following model  for the formation of the 
observed barite-pyrite grains: 1) dissolution of biogenic barite 
below the sulfate-methane transition zone (SMTZ) due to the 
depletion of pore water sulfate, 2) Ba2+ transport and 
reprecipitation of barite (authigenic) at the SMTZ, 3) burial of 
authigenic barite and partial dissolution below the SMTZ, 4) 
movement of the SMTZ (possibly due to variable methane 
flux) below the depth of the partially dissolved barite, and 5) 
precipitation of pyrite in the pore volume created by barite 
dissolution.  

The proposed model suggests that these grains represent 
‘relict’ diagenetic barite fronts that form at the SMTZ in 
sediments implying an oxic or suboxic water column during 
early diagenesis.  We posit that similar barite-pyrite mineral 
assemblages can be used to reconstruct paleoredox conditions 
in similar sedimentary facies, and thus complement trace 
element enrichment studies.  Future efforts will focus on using 
trace element chemistry and barite-pyrite assemblages to 
reconstruct redox conditions within the Marcellus Shale 
depositional basin. 
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During the last decades several bacterial strains were 

isolated capable of organohalide respiration. However, the 
actual enzymatic reaction mechanism and the role of the 
corrinoid cofactor is still a point of interest. The type of 
corrinoid-cofactor is suspected to have a major influence on 
the substrate spectrum of the enzyme, as well as its 
degradation rate. Therefore, we investigated and characterized 
the reductive dehalogenation and protonation reaction with 
respect to different corrinoid-cofactor using compound-
specific stable isotope analysis (CSIA) of carbon, chlorine and 
hydrogen.  

In order to characterize the reaction, stable isotope 
fractionation of chlorinated ethenes during dehalogenation and 
subsequential protonation was studied for different 
commercially available corrinoid cofactors, as well as native 
cofactors and compared to enzymatic reaction of several 
strains capable of reductive dehalogenation. 

During dehalogenation the stable isotope fractionation of 
both carbon and chlorine for TCE was the same for all 
investigated systems, confirming the similarity in reaction. In 
contrast, dehalogenation of PCE was observed to be different 
for enzymes in comparison to all corrinoids, and surprisingly, 
corrinoid-cofactors could be differentiated according to their 
structure. In addition, all protonated products were measured to 
be highly depleted in deuterium isotopes, whereas abiotic 
reaction products were measured to be significantly more 
depleted in deuterium then enzymatic ones. Therefore, the 
structures of the corrinoid-cofactor, as well as the enzyme 
appear to affect the dehalogenation reaction mechanism to a 
certain extent. 
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The Cryogenian Period includes the largest known global 
glaciations, with Elatina Formation tillites at 6.5 ± 2.2o 
paleolatitude [1], but the succeeding Ediacaran Period also had 
cool paleoclimate in the stratotype sections of South Australia. 
The GSSP marking the base of the Ediaracan does not 
correspond to a dramatic global warming, because there are 
persistent periglacial paleosols within the Nuccaleena 
Formation [2]. Periglacial sand-wedge paleosols and intertidal 
facies in the Elatina Formation at Hallett Cove, at a 
stratigraphic level correlative with tillites to the north, are 
evidence for frigid but unglaciated coastal plains and an 
equatorial seaway during the Cryogenian, rather than a 
complete global freezing. The succeeding Ediacaran was no 
tropical paradise despite a low paleolatitude of 15 ± 3.6o for 
the Bunyeroo Formation [3]. At least three successive 
glaciations are revealed by dropped pebbles in the lower 
Bunyeroo Formation [4], rapid sea level fall in the Wonoka 
Formation palaeocanyons (exacerbated by local salt tectonics 
[5], and dropped pebbles in the Billy Springs Formation [6]. 
Radiometric dating of the three glaciations elsewhere gives 
Gaskiers glaciation ca. 582 Ma [7], Fauquier glaciation ca. 571 
Ma [8] and local interpolation gives Billy Springs glaciation at 
ca. 560 Ma. Interglacial paleosols of the Bunyeroo and 
Wonoka Formations and the Bonney Sandstone and Ediacara 
Member of the Rawnsley Quartzite [9], include gypsic and 
calcic profiles of arid climates, not unusual for low latitudes. 
Application of a paleothermometer for modern lichen tundra 
[10] to Ediacaran paleosols yields mean annual temperatures of 
8.9 ± 0.4 oC to 10.9 ± 0.4 oC. Such low temperatures and 
icebergs as a source of dropped pebbles in marine rocks at low 
latitudes are evidence that the Ediacaran was another unusually 
cold period in Earth history.     
 
[1] Schmidt & Williams (1995) Earth Planet Sci Lett. 134, 
107-124. [2] Retallack (2011) J. Geol. Soc. Lond. 168, 1-19. 
[3] Schmidt & Williams (1996) Earth Planet Sci Lett. 144, 
347-357. [4] Gostin et al (2010) Austral. J. Earth Sci. 57, 859-
869. [5] Kernen et al (2012) Geol. Soc. Lond. Spec. Publ. 363, 
85-105. [6] Jenkins (2011) Geol. Soc. Lond. Mem. 36, 693-
699 [7] van Kranendonk et al (2008) In Ogg et al. Concise 
Geologic Time Scale [8] Hebert et al Precambrian Res. 182, 
402-414 [9] Retallack (2013) Nature 493, 89-92. [10] 
Óskarsson et al (2009) Geoderma 189-190, 635-651.  
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I developed a model of cross-coupled flow in porous media 
based on electrokinetic coupling. I start with the local Nernst-
Planck and Stokes equations and I use a volume-averaging 
procedure to obtain the generalized Ohm and Darcy equations 
with cross-coupling terms at the scale of a representative 
elementary volume of the porous rock including salt filtration 
effects. These coupling terms (representing the effects of 
streaming current and electro-osmotic pore water flow) obey 
Onsager’s reciprocity. Rather than writing the electrokinetic 
terms in terms of zeta potential (the electrical double layer 
potential on the slipping plane located in the pore water), I 
developed our theory in terms of an effective charge density 
dragged by the flow of the pore water. This effective charge 
density is found to be strongly controlled by the permeability, 
both in saturated and unsaturated conditions, and to the 
saturation itself. I also developed an electrical conductivity 
equation including the effect of water content on both the bulk 
and surface conductivities. Finally, the model is compared with 
various data from the literature including electrical 
conductivity data, streaming potential coupling coefficient and 
electroosmotic permeability data at different saturations. I 
show that we can decompose the material properties (with the 
exception of electrical conductivity) by taken them as the 
product of a value at saturation and a relative parameter that 
depends only on saturation. The excellent agreement between 
the model predictions and the experimental data indicates the 
possibility to use this model inside numerical codes to predict 
various effects of interest to water resources including 
remotely observing unsaturated flow using a network of non-
polarizing electrodes or to use electrical fields or electrical 
currents to move water or oil in clay-rich formations or to 
study transport properties for the isolation of nuclear wastes. 
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Marine Isotope Stage (MIS) 11 was an exceptionally long 
interglaciation ~400 ka with estimated global mean sea level of 
<6 m or up to 13 m above present, implying substantial mass 
loss from at least one of Earth’s remaining ice sheets. 
However, there are no model simulations and only limited 
proxy data to constrain the magnitude of Greenland ice sheet 
(GrIS) response to climate change during this “super-
interglacial”. Even less is known about the Antarctic ice sheets 
(AIS). This lack of data confounds efforts to assess climate-
ice-sheet threshold behavior and the magnitude and sources of 
interglacial sea-level rise. In the absence of direct geomorphic 
traces for ice-sheet retreat during past interglaciations, we turn 
to geochemical proxy evidence to assess the south GrIS retreat 
during MIS 11 and, in turn, estimate its contribution to MIS 11 
sea level. 

We use the Eirik Drift sedimentary record in core MD99-
2227 to infer GrIS extent on south Greenland. The Eirik Drift 
receives terrigenous sediment sourced from erosion of south 
Greenland’s Precambrian bedrock and from Paleogene 
volcanics in east Greenland and Iceland. Provenance of Eirik 
Drift sediments is determined using Sr-Nd-Pb isotope 
composition of the CaCO3-free silt fraction, which tracks 
terrestrial silt sources because the unique isotope compositions 
of south Greenland’s bedrock terranes reflect their differing 
ages and tectonometamorphic histories.  

There is a major reduction of sediment input derived from 
south Greenland’s Precambrian bedrock terrane during the 
peak of MIS 11, likely reflecting the absence of subglacial 
erosion and meltwater sediment transport as a result of near-
complete deglaciation of south Greenland. Comparison with 
simulated ice-sheet configurations suggests that the GrIS lost 
~4.5 to 6 m of sea-level-equivalent volume during MIS 11. We 
therefore provide a geologically recent example of GrIS 
collapse under an interglacial climate forcing within the range 
of projections for the end of this century.  
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We determined the concentrations of metals in bivalves 

and snails in the intertidal mud flat sediments of the Salinas de 
San Pedro, CA. The objective of this study is to create baseline 
concentrations of several metals in the tissues, foot, shell, and 
digestive parts of bivalves and snails in intertidal species. We 
chose bivalves since they are widely used as bio-indicators of 
heavy metals pollution because they are known time integrated 
indication of environmental pollution. The general distribution 
of metals as mean values (mg/g) for 77 samples were Ca 
(113.67) > S (2.20) > Fe (1.32) > Zn (0.82) > Mn (0.80), Sr 
(0.49) > Al (0.19) > Cu (0.14) > V (0.024) > Pb ( 0.02) > P 
(0.01) > Ni (0.009) > Cr (0.006) > As (0.002) > Ti (0.001) > Se 
(0.001) > Cd (0.001) > Ag (0.002). In general, values for the 
metals tested indicate that the concentrations of metals in some 
invertebrate samples found in Salinas de San Pedro were 
generally higher than those usually reported from same 
industrialized and urbanized marshes including Al, Cr, Cu, Fe, 
Mn, Ni, P, Pb, and Zn. All samples (n=77) showed a range of 
highest (max) values (mg/g) to lowest (min) values (mg/g) for 
Ag (0.01- ND), Al (2.33- ND), (0.08-ND), Ca (360 – 2.62), Cd 
(0.01-ND), Cr (0.15-ND), Cu (2.01-ND), Fe ( 15.50-0.01), Mn 
(6.30-ND), Ni (0.12-ND), P (1.023-ND), Pb (0.17-ND), S 
(5.81-0.01), Se (0.025-ND), Sr (1.90-0.01), Ti (0.03-ND), V 
(0.12-ND), and Zn (7.74-0.006). Moreover, species in sandy 
sediments showed lower trace metal values than those found 
on finer (silt and clay) sediments. Factors may affect on 
bioavailability of metals in the salt marsh species include pH, 
redox potential, salinity, particle size, and organic matter 
content. For organisms that ingest algae either from deposited 
sediments or from suspended particulate matter as a food 
source, these anthropogenic metals may cause severe adverse 
effects potentially leading to bioaccumulation by the organism 
and transfer via the food-chain to higher trophic levels.   
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Pescadero Estuary is an extensive marshland ecosystem 

and complex intermittent estuary located along the Pacific 
coast of California. The estuary experiences physical 
separation from the ocean (closed state) and later reconnects 
with the ocean (open state), so it is susceptible to fluctuations 
in sulfur (S) oxidation state and concentration, salinity, 
biogeochemical conditions, sedimentation, and hydrologic 
regimes [1]. Die-offs of federally protected and threatened 
steelhead trout have drastically increased annually since 1995, 
occurring unexpectedly with the first breach of the sandbar 
closure [2]. These kill events have been more regular in 
Pescadero than in nearby California estuaries [1, 3, 4]. Based 
on previous works [1, 5], we hypothesize that hydrogen sulfide 
(H2S) resulting from microbial sulfate (SO4

2-) reduction, in 
addition to low dissolved oxygen, low pH, and reduced iron 
sulfides are implicated in these deaths.  

To develop a complete understanding of the geochemical 
and biological interactions in the Pescadero Estuary and to 
identify the mechanisms and conditions resulting in fish die-
offs, the kinetic parameters of microbial sulfate reduction 
(maximum reaction rate, Rmax, and half-saturation constant, 
Km) were determined on littoral sediments in eight sites 
spanning various biogeochemical conditions. Sulfate reduction 
rates (SRR) and sulfide release to the water column were 
measured on undisturbed sediment cores using a novel flow-
through approach [6]. Sediment and water were also analyzed 
for their physical and biogeochemical characteristics, including 
pH, salinity, sulfate concentration, total sulfide, and abundance 
of sulfate-reducing bacteria. 

Rmax was highest (152.9 nmol cm-3 h-1) in the site 
associated with high counts of dead fish, and characterized by 
high sulfate concentration (1.1 mM) and low soil pH (6.1), 
whereas the lowest Rmax (19.2 nmol cm-3 h-1) was observed in 
the site with the lowest sulfate concentration in water. These 
results suggest that there is a correlation between high SRR 
and the fish kill events in the Pescadero Estuary. 

 
[1] Sloan (2006) Master’s Theses 3032. [2] Swenson (1999) 
Environ. Biol. Fish. 55, 99-114. [3] Atkinson (2010) Master’s 
Theses 3746. [4] Martin et al (2007) Calif. Fish Game 93, 214-
223. [5] Luther III et al (2004) Estuaries 27, 551-560. [6] 
Pallud et al (2007) Mar. Chem. 106, 256-271. 
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Most arc magmas are generated by partial melting of 

hydrated asthenospheric mantle above subduction zones. The 
flux of volatiles (±melts) from the dehydrating seafloor-altered 
oceanic slab introduces water, sulfur, and other fluid-mobile 
components to the overlying mantle wedge. Increased deep 
ocean oxidation since the Neoproterozoic Oxygenation Event 
means that this volatile flux transmits the seafloor oxidation 
signature to the mantle wedge via components such as sulfate 
and ferric iron. The process is progressive over the life of an 
arc, such that it may take several millions of years for 
significant oxidation (and metasomatism) to build up in the 
mantle wedge and lithospheric magma column. Basaltic 
magmas from nascent island arcs have tholeiitic character and 
may not be significantly oxidized (FMQ~0). In more mature 
island or continental arcs, however, magmas are hydrous, more 
oxidized (FMQ~1-2), sulfate-rich, and calc-alkaline. 

This difference in character fundamentally changes the 
metallogenic potential of arc magmas. While it has been shown 
that tholeiitic arc magmas can attain relatively high Cu 
contents, they will tend to lose metals during saturation in 
reduced sulfide melts/minerals; in nascent arcs, they also tend 
to erupt rather than forming shallow crustal plutons. Thus, 
such magmas have limited potential to form upper crustal 
porphyry-type magmatic-hydrothermal ore deposits. In 
contrast, later, more evolved calc-alkaline magmas have 
greater potential for shallow-crustal ore formation for the 
following reasons: (1) they have slightly higher oxidation 
states, close to the sulfide/sulfate transition (FMQ1-2), which 
reduces the tendency to saturate in sulfide phases and thereby 
leave metals in resite or deep crustal cumulates; (2) solubility 
of metals (Cu, Au) and S increases in such magmas with 
oxidation state over this range (FMQ1-2); (3) their high water 
content (>4 wt.%) means that these magmas will likely stall in 
the mid- to upper crust of mature island or continental arcs to 
form arc batholiths, where they will saturate with water and 
exsolve a magmatic-hydrothermal volatile phase. Efficient 
partitioning of metals (Cu, Mo, Au, etc.) dissolved at 
background magmatic levels into this hydrothermal fluid phase 
is the critical step in generating upper crustal magmatic-
hydrothermal ore deposits such as porphyry Cu-Mo-Au and 
associated skarn and epithermal Cu-Au deposits. 



 Goldschmidt2014 Abstracts  

 

2073 

2073 

The influence of mineral-originated 
microorganisms on the sorption of 

uranium 
RICHTER, C.1*, BRENDLER, V.1 AND GROßMANN, K.1 

1Helmholtz-Zentrum Dresden-Rossendorf e. V., Bautzner 
Landstraße 400, 01328 Dresden  
(*correspondence: constanze.richter@hzdr.de) 

 
Experiments on commercially available quartz, orthoclase 

and muscovite showed the presence of microorganisms in 
these minerals. So the question arose, if and how these 
microbes affect the sorption of uranium onto them. 
Experimental work 

To promote the bacterial growth 0.2 g of the minerals were 
incubated with 10 ml of two different culture media (NB and 
R2A). Directly after adding the culture media and after three 
weeks shaking in an incubator at 30°C, the optical density at 
600 nm (OD600) was measured. 

To estimate the influence of the microorganisms on the 
uranium sorption, batch experiments were performed under 
conditions inhibiting growth, e.g. darkness, autoclaving; use of 
laminar flow boxes; or addition of sodium azide. The amount 
of uranium sorbed at pH 7 was determined by ICP-MS. 
Results 

All three minerals show an increase in OD600 during 
incubation. This increase varies for the three minerals and two 
nutrients, pointing to different microbial communities. 

The batch experiments indicate that the various treatments 
clearly affect the microbial influence on uranium sorption. In 
the case of orthoclase, the biggest change is induced by the 
sodium azide treatment. For quartz, the use of laminar flow 
boxes has the largest consequences. But in both cases the 
changes have the same direction: destroying the microbes also 
stops them actively suppressing uranium sorption. In case of 
muscovite, the combination of autoclaving, laminar flow box 
and darkness affects sorption the most – but in the opposite 
direction. Here, the microbes obviously enhance sorption (dead 
or alive). 

This findings show that on the three investigated minerals 
different microorganisms are present, and that their effect is 
difficult to predict. Thus, a separate investigation of microbial 
effects is recommended for each mineral. In addition, any 
autoclaving may directly change the mineral surface, e.g. by 
creating new or altering existing sorption sites. 
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Our best single source of information regarding the state of 
global (carbonate) carbon cycling at any point during the late 
Mesozoic and Cenozoic, comes from the distribution of CaCO3 
preserved in open ocean marine sediments and specifically, the 
depth of the carbonate compensation depth (CCD). Here, we 
present a reconstruction of the CCD during the latest 
Maastrichtian and use this to constrain the total global 
weathering flux and pelagic CaCO3 export in an Earth system 
model (‘cGENIE’). Although the CCD at this time is much 
shallower than modern, more, not less, cation throughput is 
required to reproduce the observations. All other things being 
equal this would equate to a better regulated system at the time 
of the end-K impact. However, the impact also drove 
widespread extinction amongst calcifying plankton that 
temporarily creates a large imbalance between input 
(weathering) and output (sedimentation). We use cGENIE to 
explore the consequences of both factors for post K-Pg 
changes in global carbon cycling. 
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A 456-year long, monthly-resolved rainfall record derived 
from a stalagmite from Yok Balum Cave, Belize, strongly 
suggests that Northern Hemisphere (NH) aerosol injections 
resulted in drying at low northern latitudes. Sustained NH 
anthropogenic aerosol emissions from Europe and North 
America since 1850 resulted in a clear drying trend in Belize, 
supporting observational and modelling studies suggesting that 
NH anthropogenic aerosol emissions have shifted the ITCZ to 
the south. Additionally, the record strongly suggests that a 
similar, albeit shorter-lived, drying occurred after each of the 
twelve most powerful NH volcanic eruptions of the last ~450 
years. The stalagmite record suggests that NH volcanic 
eruptions caused a delayed onset to the wet season, probably 
linked to southward migration of the ITCZ and wet season 
contraction. Particularly noteworthy is the apparent southward 
ITCZ shift following the 1783-1784 Laki eruption. The 
radiative forcing associated with sulfur aerosols derived from 
the Laki eruption was approximately equivalent to the 
estimated mean radiative forcing due to anthropogenic aerosols 
from 1950-1970. Interestingly, large Southern Hemisphere 
volcanic eruptions appear to force the ITCZ to the north. The 
record provides the strongest evidence to date that NH aerosol 
injections, both natural and anthropogenic, result in rainfall 
reductions in the northern tropics. 
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Cosmogenic nuclides in detrital minerals reflect the 
amount of time they have been exposed to cosmic radiation 
near Earth’s surface. This makes them useful in quantifying 
erosion rates averaged over the contributing area of the detrital 
minerals. However, accurate quantification of erosion rates is 
complicated by the fact that different minerals weather at 
different rates; minerals that are relatively resistant to chemical 
weathering are lost from the soil more slowly and thus have 
longer residence times than other, less resistant minerals. This 
introduces bias in the build up of cosmogenic nuclide 
concentrations in different minerals; those with longer 
residence times will become enriched in their cosmogenic 
nuclides relative to concentrations that would be measured in 
the absence of differential weathering. If unaccounted for, this 
bias can introduce significant errors in cosmogenic nuclide 
studies of erosion; erosion rates inferred from cosmogenic 
nuclides in quartz, for example, can be in error by a factor of 
two or more in intense weathering environments [1]. 

Here we show how the chemical erosion bias can be 
exploited to quantify differential weathering when 
measurements of cosmogenic nuclides are available in multiple 
minerals. The approach measures differential weathering of 
two minerals by gauging the departure of the measured nuclide 
ratio from the ratio of the nuclide production rates at the 
surface. An analysis of data from the literature suggests that 
these departures may be as big as a factor of two or more for 
some mineral pairings, implying that the nuclide ratio is a 
sensitive function of differential weathering. We show that the 
approach can be applied to the same nuclide in different 
minerals, such as 10Be in quartz and magnetite, or, more 
generally, to different nuclides in different minerals, such 3He 
in olivine and 10Be in magnetite. We discuss applications of the 
approach to a 2500 m altitudinal transect spanning the 
Southern Sierra Critical Zone Observatory. 

 
[1] Riebe & Granger (2013) Earth Surf. Proc. Land. 38, 523-
533. 
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Molybdenum pathways are well known in euxinic surface 

sediments and from their integrated final records in ancient 
rocks but have been little studied in deep modern oxic marine 
environments, particularly those with abundant oxide recycling 
in the upper sediment layers. It is these oxic settings that are 
purported to drive much of the isotopic variability in ancient 
seawater. To investigate the pathways of Mo cycling in deep 
marine systems we analyzed solid phase and pore water 
samples from sediments taken at various water depths along 
the slope off Argentina and Uruguay.   
 At sites where sedimentation rates are low and only little 
reactive organic matter is available – and thus oxygen 
penetration is up to a few millimeters deep into the surface 
sediments – Mo appears to diffuse into the overlying water 
column. As the application of Mo as a proxy for paleo-
oceanographic redox conditions hangs on the premise of long-
term burial of highly fractionated Mo, we can ask whether our 
findings affect the application of Mo as a proxy. 

Additionally, we investigated the fate of Mo exposed to 
diagenetic alteration – with focus on processes within and 
below the sulfidic zone. Our results show that the reduction of 
reactive Mn and Fe(III) phases below the sulfidic zone – where 
the appreciable availability of reactive metal phases in 
sediments can be attributed to rapid burial - leads to the 
remobilization of Mo in these layers and the formation of 
authigenic Mo enrichment fronts in deep-subsurface 
sediments.  
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The mid-Pliocene is the most recent interval in Earth’s 

history to sustain global temperatures within the range of 
warming predicted for the 21st century. To understand this 
analog interval, the USGS PRISM Project has developed a 
reconstruction of global conditions from 3.264 to 3.025 Ma 
[1]. This reconstruction identifies a large North Atlantic warm 
SST anomaly coupled with increased evaporation; warm 
anomalies are also detected in the deep Atlantic ocean as far as 
46°S. The PRISM interval is further characterized by a 
transient increase in Southern Ocean δ13C, which narrows the 
Atlantic δ13C gradient [2]. This low intrabasinal Δ13C has 
been attributed to either 1) delivery of northern component 
water to the Southern Ocean via enhanced North Atlantic 
overturning circulation or 2) an increase in the preformed δ13C 
of southern coponent water due to enhanced  Southern Ocean 
productivity. 

Here, we present a new synthesis of deep Atlantic 
circulation during the PRISM interval, using the neodymium 
isotopic composition (εNd) of fossil fish teeth as a proxy for 
water mass source and the δ13C of benthic foraminifera as a 
proxy for water mass age. This reconstruction utilizes both 
new and previously published data [2-4] from 11 DSDP and 
ODP sites in the North Atlantic and along depth transects from 
equatorial Ceara Rise, southern mid-latitude Walvis Ridge, and 
south Atlantic Meteor Rise/Agulhas Ridge. Our εNd 
reconstruction demonstrates that northern component water did 
not extend into the South Atlantic during the warm Pliocene. 
This conclusion has implications for the Pliocene carbon cycle 
and will be useful for both initialization and evaluation of 
future model simulations. 
 
[1] Dowsett et al (2012), Nature Climate Change 2, 365-371. 
[2] Hodell and Venz-Curtiss (2006), Geochem. Geophys. 
Geosyst. 7, Q09001. [3] Raymo, Hodell, and Jansen (1992) 
Paleoceanography, 7 (5), 645-672. [4] Tiedemann and Franz 
(1997), ODP Leg 154 Sci. Res., 299-318.  
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The Cedars, located near Cazadero in Northern California, 
USA, is a partially serpentinized peridotite wedge that is 
cradled by marine sediments of the Franciscan Subduction 
Complex (FSC). The peridotite wedge is host to a number of 
springs associated with continental serpentinization. These 
ultra-basic reducing springs contain CH4, straight and cyclic 
alkanes and aromatic compounds. Active serpentinization and 
the geologic setting of The Cedars create a unique system 
where both microbial and non microbial hydrocarbon 
production is possible. The depleted δ13CCH4 values (-57 to -67 
‰) measured at The Cedars are within range of microbial 
methanogenesis, and on a CD diagram (δ2HCH4 vs δ13CCH4) plot 
within the microbial acetate fermentation region. In support of 
the CD data, a microcosm study using labelled substrates 
showed the potential for acetotrophic methanogenesis, and a 
metagenomic study also indicated the presence of 
methanogens in the springs. Therefore a microbial contribution 
to the CH4 at The Cedars cannot be discounted. However, the 
geological context, molecular concentration and isotopic 
composition of other hydrocarbons, and mixing models 
suggest a secondary non-microbial source of hydrocarbons 
(e.g. a thermogenic source from the underlying marine 
sediments of the FSC). 
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Context 

Emissions from the transport sectors (land transport, 
shipping and aviation) are among the major sources of 
tropospheric aerosol. Aerosol particles affect climate and air 
quality, resulting also in adverse health effects. Traffic 
volumes are projected to grow in the near future, with 
remarkable regional differences, while various mitigation 
strategies are being applied in order to reduce air pollution and 
climate effects.  
Method 

We use the global chemistry-climate model EMAC, 
coupled to the aerosol module MADE, to quantify the impact 
of transport emissions on global aerosol in 2000 and 2030 for 
the four RCP scenarios from the CMIP5 emission dataset.  
Since the size distribution of emitted particles and its 
conversion during the dispersion to larger scales is particularly 
uncertain, we perform additional sensitivity simulations with 
different size distribution assumptions.  
Results 

The model simulations reveal that emissions of aerosols 
(and aerosol precursor species) have an important contribution 
to the overall climate impact of the transport sectors, 
comparable and often larger than the effect of CO2 and other 
compounds. The bulk of the aerosol-induced radiative forcing 
is attributable to aerosol interactions with warm clouds. 
Shipping contributes the largest forcing, due to the large 
amount of emitted sulfur species. A remarkably negative 
forcing is also found for aviation, which can impact warm 
clouds during the aircraft ascending and descending phases. 
The shipping sector is projected to decrease its climate impact 
in 2030, after the implementation of new regulations reducing 
the fuel sulphur content. A slight decrease is also simulated for 
land transport. Aviation is the only sector for which an 
increased climate impact is foreseen.  

In addition to the limitations intrinsic to the 
parameterization of the aerosol-cloud interactions in the model, 
large uncertainties in these estimates derive from the 
assumptions on the size of emitted particles. 
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Chondrites have a complex chronology due to several 

variables affecting and operating on chondritic parent bodies 
such as radiogenic heating, pressure and temperature variation 
with depth, aqueous alteration, and shock or impact heating 
[1]. Unbrecciated chondrites can record ages from 4.56 to 4.4 
Ga that represent cooling in small parent bodies.  Some 
brecciated chondrites exhibit younger ages (<<4 to 4.4 Ga) that 
may reflect the age of brecciation, disturbance, or shock and 
impact events (<< 4 Ga).   

A unique R chondrite was recently found in the LaPaz 
Icefield of Antarctica – LAP 04840 [2].  This chondrite 
contains ~15% hornblende and trace amounts of biotite, 
making it the first of its kind.  Studies have revealed an 
equigranular texture, mineral equilibria yielding equilibration 
near 650-700 ºC and 250-500 bars, hornblende that is 
dominantly OH-bearing (very little Cl or F), and high D/H 
ratios [8,9,10]. To help gain a better understanding of the 
origin of this unique sample, we have measured the 40Ar/39Ar 
age. 

Age of 4.290 +/-0.030 Ga is younger than one would 
expect for a sample that has cooled within a small body [4], 
and one might instead attribute the age to a younger shock 
event,   On the other hand, there is no evidence for extensive 
shock in this meteorite (shock stage S2; [3]), so this sample 
may have been re-annealed after the shock event. This age is 
similar to Ar-Ar ages determined for some other R chondrites 
[5,6]. 

 
[1] Bogard (2011) Chemie der Erde-Geoch. 71, 207-226. [2] 
Satterwhite and Righter (2006) Ant. Met. Newsl. 29, no. 1. [3] 
McCanta et al (2008). GCA 72, 5757-5780. [4] Bennett and 
McSween (1996) MaPS 31, 783–792. [5] Dixon et al (2003) 
MaPS 38, 341-355. [6] Nagao et al (1999) Ant. Met. Res. 12, 
81-93. 
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Depletions of volatile siderophile elements (VSE; Ga, Ge, 
In, As, Sb, Sn, Bi, Zn, Cu, Cd) in mantles of Earth and Moon, 
help to constrain the origin of volatile elements in these bodies, 
and the overall depletion of volatile elements in Moon relative 
to Earth, but a satisfactory explanation has remained elusive 
[1,2].  We examine the depletions of VSE in Earth and Moon 
and quantify the amount of depletion due to core formation and 
volatility of potential building blocks.   

We calculate the composition of the Earth’s PUM during 
continuous accretion scenarios with constant and variable fO2.  
Results suggest that the VSE can be explained by a rather 
simple scenario of continuous accretion coupled with high PT 
metal-silicate equilibrium that establishes the siderophile 
element content of Earth’s PUM near the end of accretion [3].  
Core formation models for the Moon explain most VSE, but 
calculated contents of In, Sn, and Zn (all with Tc < 750 K) are 
all still too high after core formation, and must therefore 
require an additional process to explain the depletions in the 
lunar mantle. We discuss possible processes including 
magmatic degassing, evaporation, condensation, and vapor-
liquid fractionation in the lunar disk. 

 
[1] Ringwood and Kesson (1977) The Moon 16, 425-464. [2] 
Delano and Ringwood (1978) Moon and the Planets 18, 385-
425. [3] Righter (2011) EPSL 304, 158-167. 
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Eucrites are the crustal rocks of the Howardite-Eucrite-

Diogenite (HED) parent body. Excess 176Hf correlated with 
Lu/Hf ratios have been reported in the eucrite QUE 97053 [1]. 
This suggests that the HED parent body experienced an event 
[2,3] that caused an accelerated  decay of 176Lu and a 
corresponding excess of 176Hf. The Lu-Hf systematics of three 
other eucrites (CMS 04049, EET 87053, and GRO 95533) 
have also been investigated [1], and these eucrites show no 
evidence of excess 176Hf, but have variable initial 176Hf/177Hf 
that range from -4.1±0.4 to -1.1±0.3 ε176Hf units.   

Samarium-Neodymium measurements were made on the 
same whole-rock and mineral aliquots as those used for the Lu-
Hf analyses. The Sm-Nd data yield 2σ ages and initial Nd 
isotope compositions of:  

4629±94 Ma, ε143NdI=-0.1, MSWD =1.9 for QUE 97053;  
4457±69 Ma, ε143NdI=-0.1, MSWD =2.3 for CMS 04049; 

4537±55 Ma, ε143NdI=+0.2, MSWD =2.9 for EET 87053; and 
4500±110 Ma, ε143NdI=+0.1, MSWD=0.8 for GRO 95533. The 
plagioclase fraction of QUE 97053 was excluded from the age 
calculations as they show signs of Sm-Nd disturbance (e.g. 
[4]). 

Samarium-Neodymium internal isochron ages of CMS 
04049, EET 87053, and GRO 95533 are in good agreement 
with the more precise Lu-Hf ages [1, 5] and zircon U-Pb and 
Pb-Pb ages [6]. The larger error on the Sm-Nd ages are mainly 
due to a small spread of Sm/Nd ratios between different 
mineral phases. The Sm-Nd age of QUE 97053 also agrees 
with the age interval of eucrite formation [5]. Because  QUE 
97053 has an apparent Lu-Hf isochron ‘age’ of 4808±69 Ma 
[1] but a Sm-Nd age that agrees with the age of eucrite 
formation, this discrepancy is unlikely due to weathering 
and/or alteration. If it were due to irradiation, QUE 97053 
would have crystallized before the irradiation event. By 
contrast, the other analyzed eucrites would either have formed 
after the event or were shielded from it. 
 
[1] Righter M. et al (2013) LPSC XLIV, 2745. [2] Albarède F.  
et al (2006) GCA 70, 1261–1270. [3] Thrane K. et al. (2010) 
ApJ 717, 861–867. [4] Shafer J. T. et al (2010) GCA 74 7307-
7328. [5] Righter M. et al (2013) MAPS, A5290. [6] Righter 
M. et al (2011) LPSC XLII, 2740. 
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Over the last decades, the U- and Th-series isotopes were 

successfully used to determine weathering rates in various 
environments. The objective of this study was to work out the 
origin of the complex trend often observed in the shallowest 
soil horizons, including the potential role of the vegetation. 
This study was carried out from the experimental forest site of 
Breuil (Morvan, France) developed by INRA-BEF, in which 
the native forest was partially clear-felled 37 years ago and 
replaced by monospecific plantations (Oak, Douglas, etc…). 
U-series disequilibrium were measured in four soil profiles 
developed on granite under the native forest, and replanted 
stands. Selective extractions of the Fe and Al amorphous and 
well crystallized oxides were performed in order to investigate 
the distribution of U and Th among these soil phases. A careful 
investigation of the lack of fractionation between U and Th 
isotopes during such extractions was performed, using U- and 
Th-dopped synthetical oxides. The (234U/238U) and (230Th/234U) 
activity ratios were measured in the amorphous oxides fraction 
extracted from several soil layers through one profile. 

Our results demonstrate that some podzolic pedogenic 
processes significantly impact the shallowest soil layers (0-
40cm) of this site. A significant part of U and Th is primary 
hold by Fe-bearing silicates, and land cover change can 
produce a large dissolution of these minerals, resulting in a 
important release of U and Th. Further pedogenic 
redistribution of these isotopes occurs in all the profiles, 
yielding for instance to an enhance mobilization of 230Th 
relative to all the other nuclides (including 232Th). The clear 
correlation between the (230Th/234U) ratios and the proportions 
of amorphous and interlayer Al hydroxides suggests that in 
these soils the mobility of U and Th isotopes is strongly 
associated to Al dynamic, rather than Fe, despite the 
overwhelming reported control of U by Fe-oxides in oxidized 
environments. These pedogenic processes make the shallowest 
horizons of podzolic soils unsuitable for U-series dating. In 
contrast, a soil production rate can be deduced from the 
deepest soil layers which do not show such effects on the U- 
series nuclides.  
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To investigate how mechanisms interact to influence SOM 
dynamics, we developed a SOM model based on a reaction 
network integrated in a three-dimensional, multi-phase reactive 
transport solver. The model represents bacterial and fungal 
activity, archetypal polymer and monomer carbon substrate 
groups, aqueous chemistry, gaseous diffusion, aqueous 
advection and diffusion, and adsorption and desorption. With 
these mechanisms, rapid rates of microbial transformation 
yielded SOC turnover times up to several thousands of years at 
depth because of transformation of plant material to microbial 
necromass protected on mineral surfaces and low 
concentrations of dissolved, assimilable substrate. The model 
results reasonably  matched depth-resolved SOM and 
dissolved organic carbon stocks in grassland ecosystems and 
behaved consistently with expectations of depth-resolved 
profiles of lignin content and fungi:aerobic bacteria ratios. 
Observed organic carbon stocks Δ14C vertical profiles were 
explained by a model with relatively labile carbon compounds, 
equilibrium protection on mineral surfaces, and vertical 
transport. While vertical transport was important in moving 
SOC below the zone of plant production, it did not explain the 
long residences times at depth. Thus, the persistence of 
theoretically labile substrates and increase in SOC turnover 
times with depth in soils was due to microbial activity and 
transformation and sorption kinetics.  
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The Si isotope compositions of natural minerals and fluids 
are being increasingly applied to gain insight into a variety of 
processes including weathering, the global Si cycle and 
hydothermal alteration.  Fractionation of stable Si isotopes 
during dissolution has been reported during basaltic 
weathering and biogenic silica dissolution [1],[2]. 
In an attempt to quantify this fractionation processes opal-CT, 
quartz, diatomite and amorphous SiO2 were dissolved at 70 °C 
and pH 3 and 9 in closed system batch reactors (I = 0.1) for up 
to several months.  The isotopic composition of the Si released 
from quartz is identical within uncertainty to that of the 
dissolving mineral. In contrast, the Si initially released from 
opal-CT, diatomite and amorphous SiO2 dissolution at pH 3 is 
isotopically light but that initially released at pH 9 is 
isotopically heavy compared with the solid.  With time, the Si 
isotopic composition of the fluid phase of the pH 3 and 9 
experiments converges attaining a stationary state with δ30Si 
values between 0 to 0.3‰ heavier than the initial solid, as the 
the dissolved Si concentration approaches equilibrium.  The 
observation that a single steady-state aqueous fluid-solid Si 
fractionation value is attained by distinct pathways depending 
on fluid pH is consistent with the two way transfer of material 
during dissolution as equilibrium is approached [3]. Moreover, 
the distinct Si fractionation behaviour observed for biogenic 
versus abiogenic SiO2 may provide a useful tool for 
distinguishing processes in natural environments.  
 
 
[1] Ziegler, K. et al Geochimica et Cosmochimica Acta, 2005. 
69 (19): 4597-4610. [2] Demarest, M.S. et al Geochimica et 
Cosmochimica Acta, 2009. 73 (19): 5572-5583. [3] Pearce, 
C.R. et al Geochimica et Cosmochimica Acta. 92 (0):  170-
183. 
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Filamentous, multicellular bacteria of the 

Desulfobulbaceae family form a biogeobattery in marine 
sediments by mediating an electrical coupling between 
sulphide oxidation in deeper anoxic layers and oxygen 
reduction at the sediment surface[1,2]. 

The electrical fields generated in such biogeobatteries   
were determined with micro electrodes.   The electrical fields 
collapsed immediately when oxygen was removed and re-
establish when oxygen was re-introduced. The fields also 
collapsed when bacterial filaments were cut with thin wires.    
Modelling of the field in experimental sediment cores showed 
that anodic oxidation was confined to the sulphide free anoxic 
zone. This can suggest that the sulphide source was iron 
sulphides.   

Field application of the potentiometric methodology was 
demonstrated by in situ measurements of electrical fields 
generated by biogeobateries in the Bay of Tokyo, Japan. 

 
[1] Nielsen et al (2010) Nature 463, 1071-1074. [2] Pfeffer et 
al (2012). Nature 491, 218-221.  
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Coalbed methane (CBM) represents a significant portion of 
the world’s natural gas reserves, and approximatly 20% of the 
world’s natural gas is thought to be microbial in origin.  
Laboratory and field experiments have shown that microbes 
are actively generating CBM in many sedimentary basins 
worldwide.  This has lead to interest in stimulating microbial 
methane generation to create new methane resources.  

In order to better understand ambient in situ conditions 
which lead to microbial CBM generation, samples were 
collected along a redox gradient from sulfate reduction to 
methanogenesis in the Powder River Basin, and analyzed for 
concentrations of major ions, methane, nutrients, trace metals, 
and acetate, δ13C of CO2 and CH4, δ34S of SO4, δ2H of water 
and CH4, and δ18O. Results from the Powder River Basin were 
also compared with previous results from the Williston Basin, 
Elk Valley coalfield, Manville Coal Field, and the Illinois 
Basin to investigate what impact groundwater recharge might 
have on methanogenesis. 

Coal waters associated with microbial methane have 
relatively consistent major ion chemistry, dominated by Na 
and HCO3

-, and with SO4
2- concentrations < 0.1 mM. The 

relationship between δ13C of CO2 and CH4 varied by sample 
location in the basin (δ13C-CH4 – basin margins: -103.7‰ 
to -55.5‰, basin centers: -62.6‰ to -51.8‰; δ13C-CO2 – basin 
margins:-24.7‰ to 2.2‰, basin centers: -5.8‰ to 24.4‰)  and 
to a lesser extent between basins. These variations could 
indicate a lower extent of methanogenesis at basin margins (f, 
the estimated proportion of easily-metabolized organic carbon 
converted to CH4 [1], < ~0.4) and higher extent of 
methanogenesis at basin centers (f of ~0.4-0.7), relative to non-
methanogenic processes such as sulfate reduction. Basin 
margins are near recharge areas, where early-stage 
methanogenesis is dominant or where non-methanogenic 
processes are significant due to influxes of electron acceptors. 
In contrast, basin centers have more limited recharge with 
conditions that may be more favorable for supporting 
methanogenesis during the history of methane accumulation in 
the coal beds. 
 
[1] Blair (1998) Chemical Geology 152, 139-150. 
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The United States produces approximately 65 Mt of coal 

fly ash annually. The leaching of potentially toxic trace 
elements from fly ash may threaten public health and the 
environment. A spill from the TVA Kingston coal-fired plant 
left an estimated 330,000 cubic meters (750,000 metric tons) 
of residual ash, containing 5 to 1000 metric tons of specific 
trace elements, in the surrounding riverine and riparian 
sediment. This research characterized the dissolution and 
biouptake of major and minor (trace) elements from class F 
coal fly ash from the Kingston plant. The ash consisted of 60% 
glass/amorphous matrix and 40% minerals based on X-ray 
diffraction.  X-ray absorption spectroscopy (XAS) showed 
both reduced (Se+4 and Cr+3) and oxidized (As+5,U+6) forms of 
trace elements.   

Effluent from abiotic, continuously flow-stirred tank 
reactors (CFSTR) were analyzed for trace elements during 8 
days of flow at each of three controlled pH levels (5,7, and 10), 
both under oxic and anoxic conditions. Results showed that the 
dissolved concentrations of trace elements varies with both pH 
and redox state of the influent solution, with some elements of 
concern leaching preferentially  under oxic conditions (Se and 
Cr) or anoxic conditions (As and U).  XAS data showed that 
Se from the reacted fly ash transformed from Se+4 to Se0/SeS2 
under anoxic conditions with increasing transformation with 
decreasing pH.  Oxidation states of other trace elements were 
unchanged.   

Effluent from the pH=7 oxic and anoxic CFSTR 
experiments were placed in contact with periphyton for three 
days under batch conditions to measure trace-element uptake.  
Under oxic conditions, trace metal uptake was greater than the 
control periphyton while anoxic conditions showed 
concentrations at or less than the control, indicating 
mobilization of trace elements initially in the periphyton. This 
research demonstrates that the mobilization and biouptake of 
trace elements from coal fly ash is strongly dependent on pH 
and redox conditions and may occur under environmentally 
relevant conditions. 
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The short-lived 146Sm-142Nd and 182Hf-182W systems have 
the potential to provide information about the earliest phases of 
Earth’s evolution. Eoarchean metabasalts from the Isua 
Supracrustal Belt are characterized by 142Nd excesses relative 
to the terrestrial standard of as much as 13 ppm. Coupled with 
147Sm-143Nd, these results suggest that the mantle source of 
these rocks differentiated at 4.47± 0.05 Ga [1]. The same 
metabasalts are also characterized by excesses of up to 15 ppm 
of 182W. These positive anomalies were previously interpreted 
to reflect incomplete mixing of late accreted materials into the 
mantle source of the rocks [2]. Absolute and relative 
abundances of highly siderophile elements (HSE) in seven 
metabasalts, however, are similar to those of modern basalts. 
We also analyzed rocks from seven spatially-related ultramafic 
units. Two samples show low abundances of all HSE 
measured, except for Ru. This kind of HSE depletion in 
ultramafic rocks has previously been interpreted to reflect 
sulphide break down during emplacement, or late stage 
mobility of sulphide [3]. The other ultramafic samples 
analyzed show similar HSE abundances to modern lherzolites. 
If the “normal” HSE abundances of the metabasalts and 
ultramafic rocks are reflective of their mantle source, they are 
inconsistent with derivation from mantle that is missing a late 
accretionary component. One alternate explanation for the 
182W excesses is that they were created by a mantle 
differentiation event that occurred during Earth’s first 50 Ma, 
subsequent to primarly late accretion. The different time scales 
for 142Nd and 182W growth, however, might require two or 
more events to account for enrichments in both systems. 
Alternately, the enriched 182W but “normal” HSE may reflect 
geochemical decoupling of W from HSE, perhaps by fluid 
mobilization. The ultimate source of the excess 182W remains 
problematic. 
 
[1] Rizo et al (2011) EPSL 312. [2] Willbold et al (2011). 
Nature 477. [3] Fischer-Godde et al (2011) Chem. Geol. 280, 
365-383.  
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The eruptive style and magma evolution of mafic 
monogenetic volcanoes are thought to be controlled by the 
rapid ascent of magma over a short period of time. Volatiles in 
magmas control the ascent velocity, and hence the eruption 
intensity. Complex feedbacks exist between the rate and extent 
of volatile exsolution at shallow levels and groundmass 
crystallization, affecting the magma rheology, extent of 
fragmentation, and resulting eruptive style.  Melt inclusions 
record the volatile contents and compositions of melts at 
various stages during its evolution as it ascends providing 
insights into degassing-crystallization processes at shallow 
crustal levels. Here we present new data from olivine-hosted 
melt-inclusions from Pelagatos volcano, Mexico. These, 
combined with recent textural data allow us to propose a model 
of eruption for this volcano. Explosive phases at Pelagatos 
seem to be triggered by influx of deeper (~5 km), less evolved, 
more volatile-rich magma into a shallow (~1km) reservoir, 
where older, more evolved magma resides. Smaller new 
magma influx leads to eruptive products that contain nearly all 
evolved magma, whereas higher magma influx leads to 
eruption of a mixture of primitive and evolved magmas. 
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Organic compounds can react with metal and sulfur 
species through a variety of processes including redox 
reactions and may influence physico-chemical properties 
important to mineralisation. The association of organic matter 
(OM) with metallogenic systems is well-observed and studied 
in low to moderate (<350 °C) temperature regimes. Thermally 
mature systems (>350 °C), common to most orogenic Au in 
Australia, challenge analytical methods traditionally used for 
OM analyses. Presently, the characterisation provided by 
various state-of-the-art techniques (e.g., catalytic 
Hydropyrolysis (HyPy), Gas Chromatography (GC) isotope 
ratio Mass Spectrometry (irMS), Scanning Electrom 
Microscopy (SEM) combined with Energy-dispersive X-ray 
spectroscopy (EDS)) was explored through application to OM 
from typically high temperature (>550 °C) orogenic Au 
deposits. Data obtained with the new methods show promising 
links between OM and mineralisation, despite the low organic 
carbon content and high relative thermal maturity of the 
samples.  

HyPy released hydrocarbons (HCs) display a homologous 
series of C15 to C36 n-alkanes (n-C18, δ13C = -28.4  ‰) with a 
distinctive even carbon number preference. Other HCs 
detected in the HyPy fraction included polyaromatic HCs, 
mainly pyrene (δ13C = -16.3 ‰) and its hydrogenated 
products.  These HCs were not detected in the bitumen 
fractions which showed essentially no GC-MS products and 
are structurally distinct from the carbonaceous “graphite” like 
material in the matrix and infills to mineral grains detected in 
SEM-EDS.  The -20 to -30 ‰ bulk δ13C of OM reveal 
isotopically lighter carbon with increasing distance from the 
ore zone.  Further experiments and analysis are currently 
conducted on samples from the mineralised and unmineralised 
zones and will be scrutinised for possible hydrothermal 
footprints in the petrogenic markers, as well as other clues on 
the role of OM in Au mineralisation. 
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Methane is the third most abundant greenhouse gas (GHG) 

but is understudied in comparison to carbon dioxide. Sources 
and sinks to the atmosphere vary considerably in estimation, 
including sources such as freshwater and marine systems. We 
examined the seasonal variability of methane fluxes within St. 
Louis Bay, Mississippi, a shallow sub-tropical estuary. As part 
of this work, we also tested a new method for discrete sample 
methane determination utilizing cavity ring-down spectroscopy 
(CRDS). 

The new method for methane determination involves 
equilibration of water samples with a zero air headspace. 
Generally, the equilibration is done in 140-mL syringes with 
equal volumes of water and gas. The gas is then transferred to 
a dry syringe and drawn into the CRDS analyzer (Picarro 
G2301) by the instrument’s pump. We show that this 
instrument holds a linear calibration into the sub-ppm methane 
concentration range and holds a stable calibration at least two 
years. 

The new method for methane determination has been 
applied to a variety of natural waters ranging from rivers to 
estuaries to the open ocean as well as a hypersaline basin. In 
particular, we are examining methane dynamics in a shallow 
bay in the northern Gulf of Mexico. St. Louis Bay, Mississippi, 
is a shallow subtropical estuary having an area of 4000 ha with 
a mean depth of 1.3 m. Ongoing surveys of methane in the bay 
began in August 2013. Methane inventories for the bay have 
varied from 700 – 5000 mol. The sediments appear to be the 
main source of methane and air-water evasion the main sink. 
Residence times of water column methane with respect to 
atmospheric evasion range from 1 - 14 hrs. Overall evasion 
rates from the bay are 0.02 – 2 mmol m-2 day-1, similar to other 
determinations of estuarine methane fluxes to the atmosphere. 
While there are hints in the data that temperature and wind 
speed are important factors in determining the bay’s methane 
inventory, our currently limited dataset does not yet allow us to 
definitively state which controlling factors are most important. 
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The Central African Copperbelt is the world’s largest 

sediment-hosted stratiform copper deposit district, preserving 
regional and basinal-scale evidence of fluid flow. Investigation 
of vein samples from eight deposits identified vein generations 
formed throughout the evolution of the basin. 
Microthermomentric studies show that the paleofluids 
preserved in copper deposits were chemically complex brines 
with salinities between ~14 to 39 wt% NaCl equivalent, 
frequently containing trace amounts of CO2. Total 
homogenisation generally occurred via halite dissolution at 
temperatures >200°C.  

Analysis of fluid inclusion leachates revealed two distinct 
sources of salinity. Samples with Cl/Br <658, suggest salinity 
developed from residual fluids formed by evaporation of 
seawater beyond the halite precipitation point (bittern brines). 
Samples with Cl/Br >658 indicate a fluid with a component of 
salinity supplied by the dissolution of halite from evaporite 
sequences. Samples from pre kinematic veins show Cl/Br < 
658, in contrast, post kinematic veins typically show Cl/Br > 
658. δ18O values of vein quartz and carbonate vary between 
+7 to +26 ‰ (VSMOW), with δ18OFluid from ~-1.5 to 
+11.5‰, indicating some equilibration and buffering by 
country rocks. δ13C in carbonate samples varies between -1.5 
to -19 ‰ (V-PDB). δD values from fluid inclusions are highly 
variable, and generally isotopically low -116.6 to -16.9 ‰ 
relative to VSMOW.  

These data suggests that there is a temporal control over 
the sources of salinity within fluids, with initial basinal fluids 
comprising bittern brines formed after deposition of evaporite 
sequences, followed by a shift towards fluids dominated by the 
dissolution of halite, probably during basin inversion and 
orogenesis.  



 Goldschmidt2014 Abstracts  

 

2095 

2095 

Provenance Identification and 
Hydration Depth Profiling of 
Obsidian via Laser-Induced 

Breakdown Spectroscopy (LIBS) 
ROB ROBINSKY*1, MARKUS GAELLI2 AND PHILLIP TAN3 

1TSI Incorporated, 500 Cardigan Road, Shoreview, MN 55126 
(*Correspondence: rob.robinsky@tsi.com) 

2TSI Incorporated, 500 Cardigan Road, Shoreview, MN 55126 
3TSI Incorporated, 500 Cardigan Road, Shoreview, MN 55126 
 

Laser-Induced Breakdown Spectroscopy (LIBS) is a 
rapidly maturing analytical technique that offers unparalleled 
flexibility and applicability for elemental determination. It is a 
minimally-destructive method using a pulsed laser to ablate the 
surface of a material and create a microplasma that emits 
photons that allow for simultaneous detection of multiple 
elements of all atomic weights. 

Preliminary investigation has demonstrated significant 
potential for LIBS as a tool for conducting provenance analysis 
of obsidian samples through the use of multivariate techniques 
like Principal Component Analysis (PCA). Furthermore, 
hydration depth profiling can be conducted concurrently with 
provenance analysis and was shown to have promise for 
accurate measurement of artifact age with minimal sample 
damage. Utilizing LIBS for both determinations offers an 
alternative to using destructive petrographic techniques, which 
is of great value to the analysis of samples with historical 
significance. 

In this study, the LIBS methodology for simultaneous 
provenance identification and hydration depth profiling of 
obsidian artifacts is optimized to both provide ample data for 
analysis as well as maintain sample integrity for preservation. 
The accuracy and effectiveness of PCA modeling is assessed 
across multiple sites of origin, and the resolution and 
reproducibility of the hydration measurement is investigated in 
detail to determine its efficacy in obtaining reliable depth 
profiles and thus successful determination of artifact age. 
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The role of the nearshore subterranean estuary in 

regulating nutrient fluxes to coastal waters is well recognized. 
Complex interacting biogeochemical and  physical flow 
processes determine whether a nearshore subterranean estuary 
will be a net source or sink of nitrogen.  Tidal fluctuations and 
waves strongly affect the nutrient processing as wave- and 
tide-induced recirculation across the sediment-water interface 
supplies oxygen and organic matter into the shallow beach 
groundwater.  

A numerical model was applied to evaluate the influence 
of varying hydrologic conditions (tides, waves, fresh 
groundwater flux) on the nutrient biogeochemistry in a 
nearshore subterranean estuary. Due to its significant 
influence, different DOC mineralization rates were also 
examined for each of the hydrologic conditions simulated. 
Simulations were performed using the variable-density 
groundwater flow model SEAWAT-2005 combined with the 
reactive multi-component transport model PHT3D v2.10. The 
model considered the transport and transformation of both 
marine- and land-derived chemical species (NH4

+, NO3
-, PO4

3-, 
Fe2+, DOC and O2). Reactions considered include DOC oxic 
mineralization, nitrification, denitrification, Fe oxidation, and 
P adsorption. 

Simulations demonstrated that the magnitude of tidal and 
wave forcing, combined with DOC mineralization rates, 
regulate whether a nearshore subterraean esutary will act as a 
net source or sink of nitrogen. The rate of fresh groundwater 
discharge influenced the fate of land-derived nutrients in the 
nearshore aquifer but did not significantly affect the 
mineralization of marine DOC. Aquifer heterogeneities 
increased mixing between the recirculating seawater and 
groundwater and so also played an important role in regulating 
land-derived nitrogen fluxes. Damköhler numbers, based on 
the residence time for seawater to recirculate and also for land-
derived groundwater to discharge through the nearshore 
aquifer, were calculated to provide insight into hydrologic 
controls on nitrogen transformations.  
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Growth of continental crust in accretionary orogenic belts 

takes place through repeated cycles of subduction–accretion of 
supra-subduction zone forearc, magmatic arc and backarc 
rocks. An ancient example relevant to magmatic arc accretion 
histories is represented by the remnants of the Cambrian-
Ordovician Ross Orogen in Victoria Land (Antarctica). There, 
the Neoproterozoic schists of the Morozumi Range are host to 
an intrusive complex which preserves a record of multiple 
magma pulses emplaced under a variable stress regime in a 
rather short time span: (1) a main granite, with K-feldspar 
megacrysts defining a subvertical igneous foliation; (2) fine-
grained dioritic stocks and dykes intruding the main granite 
with both sharp and diffuse contacts, (3) a muscovite-bearing 
peraluminous granite; (4) a tonalitic-granodioritic dyke swarm 
either conformably interlayered with the foliated 
metasedimentary host rock, or crosscutting the granite 
foliation. 

LA-ICP-MS U-Pb zircon dates cluster at late Cambrian 
times for all these units, yet they carry different cargoes of 
relict cores. Unique geochemical-isotopic signatures for both 
the less evolved magmas (diorite and dyke tonalite) and the 
most acidic ones (granite and peraluminous granite) indicate 
that each one of them originated from distict sources at depth. 
Additionally, field relationships and chemical evolutionary 
trends testify for a variety of shallow level open-system 
processes, such as magma mingling/mixing between diorite 
and main granite magmas, as well as progressive assimilation 
of the host schists by the dyke tonalite magma. 

In summary, crustal growth in the Morozumi intrusive 
complex was contributed by fresh mantle magma issuing from 
the metasomatized mantle wedge, while the production of 
other melts did recycle different crustal portions/layers: the 
main granite derived from Grenville-age granulitic lower crust; 
the peraluminous granite from late Proterozoic upper crust; the 
adakitic tonalite magmas from remelting of young amphibolite 
material in the deep subarc crust, coupled with digestion of 
local metasedimentary rocks. 
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The basal thermal regime of glacial ice is critical in 
determining the potential for unstable behavior in an ice sheet. 
For the East Antarctic Ice Sheet, a paradigm has existed for 
more than 30 years that its basal thermal regime in Victoria 
Land made a fundamental transition from wet-based to cold-
based in the Neogene, with discussions on the transition 
timing, i.e. ca. 14 Ma or after ca. 2.5 Ma. 

Various methods of investigations have been applied alone 
or in combination to investigate the ice sheet behavior across 
this time span, including glacial/erosional studies and 
cosmogenic nuclide or tephra dating, drill core sedimentology, 
as well as numerical modelling. 

An alternative method is based on terrestrial glaciovolcanic 
sequences, a uniquely valuable data source for estimating 
thickness, extent and basal thermal regime of past ice sheets. 
Volcanic materials also offer the great opportunity of isotopic 
dating, to constrain in time these ice features. This method 
offers the advantage of being applicable to the whole time 
interval of interest (Miocene-present) and over almost 8 degree 
of latitude: ca. 900 km of the Ross Sea flank of the 
Transantarctic Mountains are punctuated by volcanic edifices 
active from the Miocene to the present. Glaciovolcanic 
sequences in Victoria Land are volcanic sheet-like sequences, 
glaciolacustrine sequences, scoria cones, tuff cones, and aa 
lava-fed deltas, the latter representing extraordinarily useful 
indicators of fossil water/ice levels that were here recently 
discovered and documented. 

Our results indicate that the spatial organization of the 
basal thermal regime was considerably more complicated than 
previously inferred, probably comprising a geographically and 
temporally varying coarse temperature patchwork of frozen-
bed and thawed-bed ice, similar to the East Antarctic Ice Sheet 
today. The basal thermal regime was polythermal overall, thus 
requiring an important shift in the prevailing paradigm 
describing its temporal evolution. 
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The origin of the Shergotty-Nakhla-Chassigny meteorites 

still matter of a big controversy because a decisive prove 
regarding which planets or asteroids they are originated still 
missing. We believe however that they are originated on Mars 
because they have similar Ar isotope signatures as those found 
in the Martian atmosphere. Here, we show that they are 
originated on two distinct parent bodies, using one method 
based on the intersection of isochrons. It is found that the 
expected parent bodies fall within a 4.63 Gyr isochron, which 
intersects the 4.55 Gyr geochron, and the 5.13 Gyr lunar 
isochron, exactly on the Pb compositions of the solar 
photosphere, and the unequilibrated primitive meteorites on a 
standard 207Pb/204Pb vs. 206Pb/204Pb plot [1]. Thus, the 
Shergotty-Nakhla-Chassigny meteorites are well originated on 
two 4.63 Gyr asteroidal parent bodies, but not on Mars as is 
currently widely accepted. Other example to determine the age 
with this method is Mars whose Pb data for its primitive 
mantle could be available in the near future. 
 
 
 
 
 
 

 
 
 
 
 
 
 
Figure 1: 206Pb/204Pb vs. 207Pb/204Pb plot. 
 
[1] Rochd (2013) Miner. Magaz. 77, 5, 2073-2073. 
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We report here that Pb anomalies in meteorites define a 

mixing line between s- and r-process nucleosynthesis 
components as determined from their corresponding stellar 
models on a standard 207Pb/204Pb vs. 206Pb/204Pb plot [1, 
2]. Interestingly, we can use this mixing line as being 
representative of the initial conditions, together with U-Th-Pb 
systematics, for testing the stellar isotopic signatures of solar 
system objects, and then determine the age of stellar processes 
to which these stellar isotopic signatures are related in space 
and time. Following this approach, we find that the initial U/Th 
ratio of the solar system to be 0.576, which is similar to the 
stellar value of 0.578 as determined from the r-process 
calculations [3]. Consequently, we determine the age of the 
stellar process to which this initial U/Th ratio is related to be 
7.7 Gyr. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: 206Pb/204Pb vs. 207Pb/204Pb plot of mixing line 
between s- and r-process nucleosynthesis components, and Pb 
anomalies of meteorites. 
 
[1] Arlandini C et al (1999) Astrophys J 525, 886-900 [2] 
Marshall & Feitknecht (1964) Geochim Cosmochim Acta 28, 
365-379 [3] Cowan et al (2002) Astrophys J 572, 861-879 
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Recently, the Long chain Diol Index (LDI) was proposed 

as a novel marine organic temperature proxy, based on the C30 
1,15-‐diol abundance relative to those of C28 1,13-‐, C30 1,13-‐ 
and C30 1,15-‐diols [1], lipids probably produced by 
eustigmatophyte algae. In order to assess the impact of oxic 
degradation on long chain diols and the LDI-based temperature 
proxy, we examined the differences in diol concentration and 
distribution in surface sediments (0-0.5 cm) with different 
bottom water oxygen concentrations (<3 to 83 µmol . L-1). 
Surface sediments were sampled from 900 to 3000 m water 
depth on a seamount (Murray Ridge), whose summit protrudes 
into the oxygen minimum zone of the Arabian Sea, allowing to 
determine the effect of oxygen exposure on algal biomass 
produced in surface waters. Alkenones, used in the UK’

37 
temperature proxy, were also analyzed. 

Diol concentrations and LDI values decrease with 
increasing oxygen exposure, but values increase again in the 
two deepest sediments with the most oxygenated conditions. 
The change in LDI values is caused by a more rapid 
degradation of the C30 1,15-‐diol compared to the C28 and C30 
1,13-‐diols. The overall changes correspond to a change in 
reconstructed temperature of ca. 2°C. In comparison, alkenone 
concentrations and UK’

37 values do not show a substantial 
change. This suggests that oxic degradation may affect 
temperature reconstruction using the LDI, while the UK’

37 
seems less affected in this marine setting. Long chain keto-ols, 
which have previously been proposed as oxic degradation 
products of diols, were also identified. However, the C30 
1,15-‐keto-ol/diol ratio does not substantially change, 
suggesting that keto-ol formation from diols did not take place 
in the sediment but in the surface waters.  

 
[1] Rampen et al (2012), Geochim. Cosmochim. Acta 84, 204-
216. 
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The interaction of dissolved toxic metals with minerals 
frequently leads to dissolution-coprecipitation processes in 
which the metal ion incorporates into the solid phase 
substituting for the major ion in lattice positions. The fact that 
the solubility of a minor constituent in a solid solution is 
smaller than the solubility of its equivalent pure solid explains 
the environmental relevance of these reactions. Interaction 
studies are typically carried out by using stoichimetric minerals 
as host phases. However, in most cases the effectiveness of this 
removal mechanism could be significantly increased using 
suitable solid-solutions instead of pure minerals. In this work 
we study the interaction of Pb-bearing aqueous solutions with 
baryte (BaSO4), celestine (SrSO4) and  intermediate members 
of the (Sr,Ba)SO4 solid solution (20%, 36% and 88% molar 
Sr).  

Compositionally homogeneous crystals of the solid 
solution were obtained by precipitation & aging in  a closed 
reactor at 90ºC.  The obtained precipitates were checked for 
compositional homogeneity by considering the full width at 
half maximum intensity values (FWHM) of some selected 
reflections of the XRD patterns. The precipitate compositions 
were determined by analyzing the remaining solutions by ICP-
AES and the precipitates by SEM-EDS.  

The interaction experiments were carried out in closed 
reactors at 25ºC. The aqueous composition was analyzed 
repeated times during the experiments, which lasted one 
month. In the case of the interaction with strontian baryte, lead 
incorporates into the solid phase while some barium and a 
large proportion of strontium  incorporate to the aqueous 
solution. As result the aqueous solution becomes depleted in 
lead at a significantly greater extent than during the interaction 
with pure baryte or celestite.  The effect of adding different 
concentrations of Pb2+ (0.05, 0.1 and 0.2 mM) and varying 
amounts of solid (0.1, 0.2, 0.4 g) was reported. 

Future work will deal with the implementation of an 
equilibrium model for the (Pb,Sr,Ba)SO4-H2O system. An 
added implication is related to the effectivenes of  Sr-bearing 
baryte as a sequestring phase for radium. The interaction with 
baryte leads to a significant removal of dissolved Ra2+, but the 
depletion could be considerably greater using strontian baryte.  
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Strontium is the fifth most abundant cation in seawater and 
a very common element in carbonate rocks, frequently used as 
a proxy for palaeoenvironmental and diagenetic conditions of 
carbonate sediments [1]. The incorporation of Sr2+ in marine 
carbonates depends on temperature, salinity and seawater 
Sr/Ca ratio. However, the initial steps in the crystallisation of 
carbonate usually requires the formation of an amorphous 
CaCO3 (ACC) precursor [2] but the effect of Sr2+ on the local 
structure, kinetics and crystallization pathways of ACC are still 
poorly understood. 

In this work, we have investigated the role of Sr2+ on the 
ACC local atomic coordination, stability, and its crystallisation 
using a combination of synchrotron based pair distribution 
function (PDF) analysis, time resolved UV-Vis 
spectrophotometry, conventional powder X-ray diffraction, 
high resolution microscopy, thermogravimetric and wet 
chemical analysis. Our results showed that a fast-forming, 
poorly ordered, nanoparticulate precursor (φ ≈ 200 nm) formed 
from solution and contained variable Sr concentrations (Sr/Ca 
between 0 and 0.3). The stability and Sr/Ca ratio in the 
precipitated ACC increased with increasing Sr/Ca ratios in 
solution, but no pure amorphous Sr carbonate could be 
synthezised because of the fast crystallisation of strontianite 
(SrCO3). PDF analyses confirmed the short-range ordering of 
the so formed ACC (<15 Å) and showed that the atomic 
distances of some of the dominent peaks bonds in the PDF 
spectra (2.5, 4 and 6.5 Å, corresponding to Sr-O and Sr-Ca/Sr 
bonds) increased proportionally with the Sr content in ACC. 
The so formed Sr-bearing ACC transformed to either 
microcrystalline vaterite or calcite via different pathways. 

 
[1] Flügel, E (2010) Microfacies of carbonate rocks: analysis, 
interpretation and application. Springer. 984 pp. [2] Rodriguez-
Blanco, JD et al (2011) Nanoscale, 3, 265. 
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Cementitious materials play a crucial role as barrier for 

radionuclide transport in low and intermediate level radioactive 
waste repositories, where 79Se is an important redox-sensitive 
and dose-determining radionuclide. In current sorption 
databases for the cementitious near-field, only sorption data for 
Se(IV/VI) have been considered. Robust sorption data on 
reduced Se species in general, and a sufficiently detailed 
mechanistic understanding of their retention in cementitious 
environment are, however, lacking. 

The aim of this work is to investigate the immobilisation of 
Se under the reducing conditions existing in a cement-based 
repository (-230mV < Eh < -750 mV). Under these conditions, 
Se(IV) and Se(-II) are the dominating redox states. In this 
study, Se(-II) was obtained by electrochemical reduction of 
Se(IV) in solution. Completion of the reduction process was 
determined by UV-Vis spectroscopy. Se(IV) and Se(-II) 
sorption kinetic studies were carried out on various synthetic 
cement components, such as calcium silicate hydrates (C-S-H) 
and hydrated calcium aluminates (AFm), the principal host 
phases for radionuclides in hydrated cement. In addition, 
Se(IV) and Se(-II) sorption experiments were performed with 
TiO2 as reference solid, stable under alkaline conditions, at pH 
= 10.0 and 13.3, in the absence of Ca and presence of 10-3 M 
Ca. XANES studies allowed the determination of the redox 
state of sorbed selenium. 

The sorption tests revealed that the uptake of Se(IV) by C-
S-H phases is much stronger than expected. Rd values 
measured on C-S-H phases are approximately two orders of 
magnitude higher than Rd values measured on TiO2. This high 
affinity of the C-S-H phases for Se(IV) anions is partially 
explained by the high specific surface area of these solids.	  
Furthermore, Rd values for Se(IV) on various AFm phases are 
correlated with their interlayer spacing. The sorption of Se(-II) 
on the different cementitious materials was found to be weaker 
than the sorption of Se(IV). 
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Trace metals play many important roles in the 

biogeochemistry of the oceans, but their distributions are 
significantly influenced by the concentration of dissolved 
oxygen. Crucially, future climate system projections imply 
significant increases in the size of oxygen depleted zones 
(ODZs) in the oceans due to global warming. Therefore, it is 
desirable to understand the influence of expanding ODZs on 
the distributions of trace elements and their isotopes (TEIs). 
Furthermore, the utilization of TEIs as tracers of the redox 
conditions in the ancient oceans, especially under ‘super-
greenhouse’ conditions, requires a firm understanding of the 
behaviour of trace metals in modern ODZs.  

The Black Sea is the world’s largest euxinic (anoxic and 
sulfidic) basin and it is therefore an ideal natural laboratory to 
study the reduction and oxidation reactions of trace metals. 
Deep water in the Black Sea is characterized by high hydrogen 
sulfide concentrations due to anoxic and euxinic conditions 
below the redox interface. The GEOTRACES (GA04N) 
expedition to the Mediterranean and Black Seas in 2013 
provided an opportunity to examine the concentration 
gradients of a suite of trace elements across the oxic-suboxic-
euxinic transitions whilst utilizing the latest trace metal clean 
techniques for sample collection, processing, and analysis. All 
samples were preconcentrated shipboard.  

We present a series of high-resolution full depth profiles of 
dissolved trace metal concentrations that span the entire Black 
Sea from east to west. A suite of trace metals were quantified 
including: Al, Sc, Ti, V, Mn, Ni, Zn, Ga, Y, Zr, Cd, La, and 
Pb. The vertical profiles of trace metals can be used to assess 
the processes controlling their distributions. For example, Al 
displayed surface maxima (up to ~25 nM) followed abruptly 
by minima of ~2 nM between 50-60 m depth corresponding 
with fluorescence maxima.  Broad mid-depth maxima across 
the O2/H2S interface may be indicative of remineralization 
processes and adsorbed Al, while decreasing concentrations of 
Al (to <2 nM) in deep water are interpreted as scavenging by 
metal sulfides.    
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The Mediterranean Sea is an ideal natural setting to study 

the impact of atmospheric deposition on the marine 
biogeochemical cycling of trace metals and their isotopes due 
to its close proximity to the Sahara Desert and the resulting 
high dust input. Furthermore, the small size, semi-enclosed 
nature, and the relatively short residence time of water in the 
Mediterranean Sea (<100 yr) make it sensitive to climate 
change and anthropogenic perturbations. Anthropogenic 
influences are especially important in the Mediterranean Sea 
due to the large population of people living near the coast and 
due to the Mediterranean Sea being one of the world’s busiest 
shipping routes. 

The Mediterranean Sea is connected to the Atlantic Ocean 
through the Strait of Gibraltar. After entering the 
Mediterranean Sea, the salinity of Atlantic Water (AW) 
increases through evaporation and mixing with Mediterranean 
Water (MW). Altered AW eventual becomes dense enough to 
sink during brief winter cooling episodes, thereby initiating 
Mediterranean thermohaline circulation. Inflowing AW is 
balanced by evaporation and outflowing Mediterranean 
Outflow Water (MOW), which flows into the North Atlantic 
Ocean. The MOW is potentially enriched in dissolved trace 
metals and may therefore act as a source of dissolved trace 
metals to the North Atlantic Ocean. 

We present a comprehensive dataset of dissolved trace 
metal concentrations from 54 full depth profiles collected from 
all the major basins of the Mediterranean Sea during the 
GEOTRACES (GA04N) expedition to the Mediterranean and 
Black Seas in 2013.  All samples were processed shipboard. 
Trace metals measured include: Al, Sc, Ti, V, Mn, Ni, Zn, Ga, 
Y, Zr, Cd, La, and Pb. Assuming dissolved Al concentrations 
trace atmospheric deposition, progressive enrichment of 
dissolved Al along the west to east transect is interpreted as 
continuous atmospheric deposition as AW is transformed in to 
MW. Similarly, the influence of atmospheric deposition and 
other marine processes on the distribution of other trace metals 
will be examined. 
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Mixing processes significantly affect and limit 

conservative and biogeochemical reactive transport of 
contaminants in the subsurface. The goal of this study is to 
investigate the role of diffusion and compound-specific mixing 
for solute transport in groundwater at different scales, 
including: (i) pore-scale (~ 10-2 m), (ii) laboratory bench-scale 
(~ 100 m) and (iii) field-scale (~ 102 m). We investigate both 
conservative and mixing-controlled reactive transport using 
pore-scale modeling, flow-through laboratory experiments and 
field-scale numerical modeling in complex heterogeneous 
hydraulic conductivity fields. We consider different steady-
state and transient transport scenarios. For the conservative 
cases we use, as metric of mixing, the exponential of the 
Shannon entropy to quantify solute dilution either in a given 
volume (dilution index) or in a given solute flux (flux-related 
dilution index). The mass and the mass-flux of a reaction 
product as well as the extent of reactive plumes are evaluated 
to quantify reactive mixing. The results show that diffusive 
processes occur at the small-scale of a pore channel but also 
manifest at larger macroscopic scales. The outcomes of our 
study illustrate the need to consider and properly account for 
compound-specific diffusion and mixing limitations in order to 
accurately describe and predict conservative and reactive 
transport in porous media.       
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Chemical compositions of aragonitic corals are widely 

used as proxies of paleonvironmental conditions (temperature, 
pH, salinity, productivity...). However, the mechanisms of 
calcification (ascribed as vital effects) complicate the use of 
these biocarbonates, which are more than the result of a simple 
inorganic precipitation. Recently, it was observed that Li/Mg 
ratios have the advantage to present minimal vital effects and 
could be proposed as proxy of temperature [1,2,3]. Here we 
explore, by in situ measurements of Li/Ca, Na/Ca and Mg/Ca, 
the possible controls on their incorporation in coral skeletons. 
We used three scleractian corals: two deep-sea corals 
(Lophelia pertusa and Desmophyllum cristagalli) and one 
tropical coral (Porites lutea).  

We show that these ratios are systematically enriched in 
the Centres of Calcification (CoC) relative to the surrounding 
fibers. They are also positively correlated in the three studied 
species. Different mechanisms are explored to explain these 
features: (1) Rayleigh fractionation as proposed by [1, 3], (2) 
kinetic effects, (3) trapping in lattice defects as proposed by [4] 
for Na and Mg incorporation, (4) mixing of different carrier 
phases of these elements, i.e. organic matter and aragonite, (5) 
influence of specific ion pumps as Mg-ATPase and/or Na+/K+-
ATPase [5].  

In view of our results, the most likely mechanims of 
incorporation seems to be the increase of distorsions due to the 
increase of growth rate, which would explain the higher ratio 
values in CoC relative to fibres. Temperature would then have 
an indirect effect via its influence on growth rate. 

 
[1] Case et al (2010) EPSL 300, 215-225 [2] Hathorne et al 
(2013) Paleoceanography 28, 143-152 [3] Raddatz et al 
(2013) Chem Geol 352, 143-152 [4] Mitsugushi et al (2001) 
GCA 65, 2865-2874 [5] Ip and Lim (1993) J Exp Biol 159, 
507-513. 
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Since the pioneering works of Stirling et al. [1] and Weyer 
et al. [2], many labs have contributed to a careful and 
systematic effort to understand 238U/235U isotope geochemistry 
of shales, carbonates, oxides, as well as riverine fluxes and 
igneous minerals. These early works suggested that natural 
variations in the 238U/235U ratio of marine sedimentary rocks 
could provide a potentially powerful paleoredox proxy that 
would complement similar approaches using other redox 
sensitive metals (e.g., Mo, Fe, Cr). 

Here we provide a summary of progress in the field, 
discuss the advantages and disadvantages of various lithologies 
for U-isotope paleoredox reconstruction, highlight emerging 
trends, and point out gaps where more research is needed. Key 
topics include: (1) developing a mechanistic of understanding 
U isotope fractionation during incorporation into marine muds, 
carbonates, and oxide phases; (2) the role of pore-water 
diffusion in controlling the effective isotope fractionation 
factor of authigenic uranium in sediments; (3) the behaviour of 
U in restricted marginal and epicontinental basins; (4) 
providing an updated marine U isotope mass balance; and (5) 
validating the reliability of the U isotope proxy via comparison 
of time-correlative cores. 

In the near future, the wide availability of the IRMM3636 
double spike combined with the relative ease of obtaining U 
isotope measurements ensures a proliferation of 238U/235U data. 
Similar to Mo and Fe isotope systems, detailed interpretation 
of this 238U/235U data will require consideration of numerous 
factors related to both the local depositional environment and 
the global U isotope mass balance. To this end, we will suggest 
a set of best practices for interpreting 238U/235U as a paleoredox 
proxy based on observations from a variety of modern marine 
settings, laboratory experiments, and models. 
 
[1] Stirling et al (2007) EPSL 264, 208–225. [2] Weyer et al 
(2008) GCA 72, 345-359. 
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Methanogenic archaea are phylogenetically diverse group 

of strictly anaerobic microorganisms that occure in anoxic 
environments, such as peatlands, freshwater sediments, land 
fills, anaerobic digesters and the intestinal tracts of ruminants. 
The common feature of this physiological group of archaea is 
the ability to formation of methane from different substrate: 
CO2 and H2, formate, methanol, methylamines and/or acetate. 
Methanogenesis mediated by Archaea is a crucial element of 
global carbon cycle, taking into account the fact that ~1 billion 
tons of methane per year is produced in this way. In the light of 
this information it is important to study the biology and 
diversity of methanogenic archaea.  

As majority of methanogens are uncultivable, thus the 
main method used for their diversity studies is based on 
(meta)genomic approach. Two marker genes: 16S rRNA and 
mcrA (encoding the α subunit of the methyl coenzyme M 
reductase) are commonly used for the detection and 
phylogenetic analysis of methanogenic consortia.  

In this study, we propose novel molecular markers for 
methanogenic consortia analyses. We created and validated a 
set of degenerated PCR primers for the amplification of genes 
encoding key enzymes involved in the methanogenesis, 
including: mcrB and mcrG (β and γ subunits of the methyl 
coenzyme M reductase), mtaB (methanol-5-
hydroxybenzimidazolylcobamide Co-methyltransferase), mtbA 
(methylated [methylamine-specific corrinoid 
protein]:coenzyme M methyltransferase), mtbB1 
(dimethylamine--corrinoid protein Co-methyltransferase), mer 
(F420-dependent methylene-H4MPT reductase) and cdhD1 (δ 
subunit of acetyl-CoA decarbonylase/synthase complex). 

Specificity of the developed primers was verified by a 
sequencing of the PCR products obtained from different 
environmental samples (e.g. anaerobic digesters, mine waters 
and peatlands). Phylogenetic analysis of the amplicons’ 
sequences confirmed that selected markers and developed PCR 
primers can be used as a specific tool for an in depth diversity 
analyses of methanogenic consortia. 
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Most deposits of precious opal (i.e., with play-of-color) 
occur within continentally weathered rocks. This is the case in 
Australia, Ethiopia, Canada, Brazil, Indonesia and most 
western USA deposits. A review of published data and our 
own investigation shows that all of these deposits are 
embedded in volcanoclastic sediments (strongly re-worked in 
Australia), virtually all without carbonates. Depending on the 
deposit, the mineralization in opal occurred through the 
weathering of volcanic glass and/or feldspars into clays (the 
montmorillonite smectite), or through the weathering of 
smectite into kaolinite, all these reactions releasing silica. 
Volcanic glass is very widespread over the continents, and 
weathering occurs almost everywhere. This is why common 
opal is so abundant, although discreet. However, the precious 
variety of opal is very uncommon. Hence, a specific set of 
geological conditions rarely encountered together is required 
for precious opal to form, and to remain preserved up to now.  

Opal formed few meter below the paleosurface in some 
cases (Ethiopia [1]), sometimes much deeper (down to 40 
meters in Australia [2]). The role of pedogenesis in opal 
formation is sometimes striking (Ethiopian opals contain 
rootlet fossils), sometimes more subtle: silica can migrate 
vertically down to unweathered levels and precipitate into 
cavities. This occurred for some opals from Ethiopia (Mezezo), 
Canada and most probably Western American deposits.  

Field evidences suggest a climate wet enough to strengthen 
the weathering process. This also favored the development of 
an important vegetal cover, but the role of  organisms (plants, 
bacteria) in precious opal formation remains unclear.  

 
[1] Rondeau et al (2012) GEEA, 12, 93-104. [2] Rey (2013) 
Aust. J. Earth Sc. 60 (3) 291-314.  
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This work focusses on a suite of alkali-basalt hosted 
mantle xenoliths from Pali Aike. These xenoliths are typically 
fertile in composition with mineral assemblages consisting of 
olivine (Fo88-90), orthopyroxene (En86-90), clinopyroxene (Cr-
diopside En50Wo50) and an aluminous phase – garnet, spinel or 
commonly both. Some samples contain accessory phlogopite, 
vein glass & phlogopite filled veins, which is indicative of 
hydrous modal metasomatism. Phlogopite  occurs in samples 
which have been calculated to have equilibrated at the highest 
pressures (c. 21-22 kbar). This is consistent with the concept of 
a metasomatic front at the base of the lithosphere. Some 
garnet-free samples contain silicic glasses of intermediate 
composition. These are commonly associated with small, 
irregular shaped spinels.  

There is little conclusive evidence for cryptic 
metasomatism in analyses of REE in clinopyroxenes – variable 
amounts of LREE enrichment is observed. However, there is 
also no strong depletion in LREEs, indicating small amounts of 
melt extraction in the presence of this phase. REEs in garnet 
display a typical depleted trend.  

Major element modelling based on the method of of 
Herzberg 2004[1], suggests that spinel + garnet lherzolites are 
produced by up to 15% adiabatic decompression melting over 
a pressure interval of 30-20 kbar, whereas spinel lherzolites are 
produced by up to 35% over a pressure interval of 40–10 kbar.  

 
[1] Herzberg (2004) J. Petrology, 45(12), 2507-2530    
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Melting of metasomes within the lithospheric mantle 
provides a viable mechanism for generating the geochemical 
characteristics of many intraplate alkaline basalts. The origins 
and distribution of these metasomes have been attributed to 
recent enrichment of the lithosphere by a mantle plume or 
ancient events that occurred during the early evolution of the 
sub-continental lithosphere mantle. We present a geochemical 
study of Ethiopian Miocene intraplate mafic alkaline lavas that 
are notably depleted in silica and enriched in most 
incompatible trace elements. Preliminary high-precision minor 
element data from olivine phenocrysts is inconsistent with an 
origin of these alkaline lavas from standard peridotite melts. 
Instead we suggest the lavas represent melts of a lithospheric 
mantle that was metasomatically-enriched during lithospheric 
stabilization, and subsequently remobilized by recent plume-
lithosphere interaction. Melting of an amphibole-bearing 
lithospheric-mantle metasome could account for the 
geochemical characteristics of the erupted lavas. While the 
origin of high-Ti Ethiopian flood basalts has been attributed to 
melt of similar lithospheric metasomes, Pb and Hf isotope data 
for our alkaline lavas require a HIMU-like source component, 
similar to other alkaline lavas erupted through the Horn of 
Africa, Sudan, and Egypt, and adjacent Arabian plate 
lithospheres. The isotopic characteristics of this component are 
distinct from the Afar plume mantle source and instead are 
consistent with the long-term evolution of a lithospheric 
metasome created during a Neo-Proterozoic subduction event 
associated with the Pan-African orogeny. The widespread 
distribution of easily fusible lithospheric metasomes within the 
continental lithosphere mantle may facilitate magma 
generation without the need for substantial lithospheric 
thinning or elevated mantle potential temperatures. 
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Characterizing SOM dynamics 

Better understanding the dynamics of soil organic matter 
(SOM) plays a central role to climate modeling, carbon 
sequestration, microbial community, fate and transport of 
carbon, mineral SOM interactions, rhizosphere, and many 
other EMSL and EMSL User research efforts. In support of 
these research efforts and as a DOE National User facility, we 
are developing a suite of SOM characterization capabilities. 
Key to this effort is leveraging the biases inherent to different 
workflows and controlling distortion effects.    

Historically, leveraging analysis biases was accomplished 
by matching extraction and detection biases with the target 
compounds of interest to a specific study. With the current 
trend towards more holistic or systems level investigations, we 
have found that multiple extraction and detection methods are 
needed to obtain a sufficiently inclusive representative 
characterization of SOM. We are developing a multi-stage 
extraction and fractionation process which can be readily 
tailored to specific scientific objectives. This includes 
extending analysis methods to provide a spatial 
characterization of SOM. Such spatial characterization is 
particularly useful to study potential spatial effects on SOM 
such as spatially dependent interactions with roots and mineral 
composition diversity.  

The control of distortion effects is based on the use of 
standard additions, or spikes, of control compounds and in 
some cases the use of stable isotopically labeled compounds to 
characterize the temporal and chemical stability of a broad 
range of chemical classes through extraction, fractionation, and 
detection processes. Studies include time course, background, 
and carry-over measurements. We plan to present our bias and 
distortion findings for a sub-set of the methodologies 
developed and provide examples from alkaline, solvent, and 
critical fluid based extractions.   
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Volatiles in magma are largely degassed during subaerial 

eruptions, instead, melt inclusions trapped in early crystallizing 
olivine retain dissolved volatiles of magmas at depth (e.g. [1]). 
This allows the estimation of pre-eruptive volatile 
concentrations. 

Iwate volcano is located on the volcanic front of the North-
east Japan arc on the Honshu Island. The Iwate samples are 
one of the most undifferentiated rocks on the volcanic front of 
Japanese island arcs. The olivine hosted melt inclusions of the 
1686 eruption of Iwate volcano are basaltic to basaltic-
andesitic in composition.  

Evidence for degassing found in systematic variations in 
H2O, CO2, and S, maximum pre-eruptive values are considered 
to be minimum estimates for concentrations prior to vapor 
saturation. F and Cl concentrations do not correlate with any of 
the volatiles affected by degassing. Therefore we used them to 
draw inferences on mantle processes. The results are that (1) 
the F and Cl concentrations found in Iwate melt inclusions are 
at the low end of a global compilation of arc melt inclusion 
data, and (2) F concentrations overlap with MORB values, 
whereas Cl is enriched by a factor of 10 relative to MORB. We 
assumed that peridotite drawn into the mantle wedge has F and 
Cl concentrations comparable to the MORB source, therefore 
the relative concentrations found in these melt inclusions is 
that the metasomatic agent released from the subducted 
lithosphere was enriched in Cl but not F. Following recent 
results on F and Cl partitioning between silicate and fluid [2], 
we suggest the F/Cl ratios of these magmas was fractionated 
because slab top temperatures were low. New Ce 
measurements in the same inclusions test this conclusion. 
 
[1] Sobolev (1996), Petrol., 209-220.  [2] Wu & Koga (2013), 
GCA, 119, 77-92. 
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Marine stratocumulus cloud fractional cover changes 
dramatically in association with changes in aerosols. Abrupt 
changes from a full cloud cover to broken clouds (pockets of 
open cells) occurs when the aerosol amount is sufficiently 
small for allowing heavy drizzle, which further cleans the 
aerosols in a positive feedback loop. The change from closed 
to open cells is associated with a respective change of cloud 
radiative effect that often exceeds 100 wm-2. Most of the 
change in cloud radiative effect comes from the cloud cover 
and liquid water path effects, and only 25% from the Twomey 
effect. These large changes are not usually considered as 
radiative forcing, because natural mechanisms were proposed 
for alterations between those two regimes in the open ocean.  

Ship tracks were recently shown to be able to close the 
open cells, thus rendering this large cloud radiative effect as 
forcing, where this could be clearly associated with ship 
emissions. However, overall ship tracks were shown to have an 
insignificant radiative forcing at the global account. But, can 
the continents be regarded as huge ships within the ocean, 
which emit anthropogenic aerosols that modify the marine 
stratocumulus to the extent of having a substantial impact on 
the global energy balance? 

Recent studies from VOCALS experiment off the coast of 
Chile have shown that anthropogenic pollution modifies cloud 
properties for thousands of km into the ocean. We have 
examined similar situations over the North Atlantic and 
tracked cloudy regions for several days until they opened into 
open cells. In this lagrangian approach we were able to 
separate the roles of aerosols and meteorology (cloud depth) 
and show the decisive role that continental aerosols have on 
keeping the marine stratocumulus in the fully cloudy regime 
for several days. This implies that in such circumstances the 
large negative cloud radiative effect can be regarded as 
forcing. This means that much of the cooling due to cloud-
aerosol interactions might be occurring in this way. Our 
inability to quantify this effect until now possibly plays a 
major role in keeping the high uncertainty of cloud aerosol 
interactions on anthropogenic climate forcing. 
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Stores of old carbon in permafrost and yedoma are being 

released as a positive feedback into the climate system.  Here 
we summarize studies from the Colville River delta in the 
Beaufort Sea off of Alaska, and soils from a coastal plain of 
Svalbard showing the spectra of radiocarbon ages of organic 
carbon contained with these systems.  Despite different glacial 
histories, both recently buried riverine sediments in the 
Colville River delta and soils accumulating on Svalbard show 
wide age spectra indicating a mixture of organic carbon from 
modern sources and from fossil sources.  In the Colville River 
sediments, the age spectra between different density fractions 
of the sediments indicate permafrost breakdown and coastal 
erosion are main processes supplying carbon to these 
sediments.  In Svalbard, carbon age spectra increase in average 
age rapidly down-trench.  While there is a presence of lignite 
coals, they do not seem to contribute to the ramped pyrolysis 
pyrograms of the sediment in a large enough proportion to 
drive the ages of the sediment older.  The old ages and wide 
spectra here indicate storage of old carbon in components 
different than coal, and/or processing of coal carbon by soil 
biota.   Our findings also indicate important differences 
between the two sites, demonstrating the possibilities of 
applying a pseudo-bulk organic chemical technique to 
problems of high latitude carbon storage. 
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Aquifers in deep sedimentary basins have been identified 

as suitable targets for geological carbon dioxide storage, 
especially aquifers located in sandstone host rock. This has led 
to renewed interest in studying the interaction between 
sandstone minerals and aqueous fluids, as there is a paucity of 
data for CO2-containing systems at relevant conditions. In an 
attempt to improve data coverage for important silicate 
minerals, we have measured the dissolution kinetics of K-
feldspar in CO2-saturated fluids over a range of temperatures. 

K-feldspar grains were reacted with water in batch-type 
reactors at temperatures from 20°C to 200°C and pressures up 
to 200 bar. The mineral grains were allowed to react with pure 
water for a number of weeks before injection of CO2 into the 
system. Excess CO2 was provided to ensure CO2 saturation. 
While the reaction time before injection was not long enough 
to attain complete equilibrium, it did considerably lower the 
degree of undersaturation with respect to K-feldspar and 
helped highlight the effect of CO2 injection into a rock-
equilibrated aqueous fluid. 

At all temperatures studied, injection of CO2 resulted in a 
rapid increase in the soluble concentrations of K and Si (and 
also Na from a plagioclase component). The dissolution then 
reached apparent steady state conditions after a few days, with 
observed dissolution rates in the range of 10-9 to 10-12 mol m-2 
s-1 over the temperature range studied. The CO2-saturated 
solutions maintained mildly acidic conditions throughout the 
experiments and the observed rates therefore fall roughly 
between rates measured in strong acids and rates measured in 
unbuffered aqueous solution. However, our rates are slightly 
slower than those predicted based solely on pH, a fact that we 
preliminary attribute to our choice to pre-react the mineral and 
fluid before the CO2 injection. The exact cause of this effect is 
still under investigation.  
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In this study the geophysical methods nuclear magnetic 

resonance (NMR), spectral induced polarization (SIP), and 
magnetic susceptibility (MS) were examined to determine the 
sensitivity of each method to monitor in situ iron redox 
processes within natural sediments. Laboratory column and 
field experiment were conducted using sediments and 
infrastructure from the Rifle Intergrated Field Research 
Challenge site (IFRC), located at a former uranium ore-
processing facility in Rifle, Colorado. Although removed from 
the site by 1996, leachate from spent mill tailings has resulted 
in residual uranium contamination of both groundwater and 
sediments within the local aquifer.  

Laboratory measurements were collected on columns 
packed with Rifle sediments and amended with acetate  
intended to stimulate microbial reduction. Laboratory results 
indicate limited change in NMR relaxation time values and a 
slight decrease in the MS values after amendment, suggesting 
that the magnetic mineral magnetite was not produced. SIP 
values increased within the amended columns corresponding to 
the expected formation of iron sulfide minerals. 

Continuous borehole measurements were collected using 
the NMR Javelin logging tool developed by Vista Clara. 
Measurements were collected in previously amended 
sediments during spring runoff, at which time oxidation of the 
sediments was expected due to increases in dissolved oxygen. 
Following runoff, injection of acetate into aquifer sediments 
occurred designed to mimic the laboratory biostimulation 
experiment. The results from the field study indicate that 
borehole NMR measurements are capable of detecting changes 
in iron geochemistry as a result of  the oxidation of previously 
amended sediments. However, the subsequent addition of 
acetate failed to alter the NMR signal suggesting exhaustion of 
the bioavailable iron pool. 
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Surface water on metal-oxide nanomaterials has become a 

topic of great interest in geochemistry as the stability of metal 
oxide materials at the nanoscale is provided, in part, by the 
occurrence of water confined to their surfaces. These hydration 
layers have a pronounced impact on the morphology and 
polymorphism of the nanoparticles and can alter the oxidation-
reduction equilibria as well as the relative phase stabilities of 
metal-oxide particles [1]. Inelastic neutron scattering (INS) 
provides key information about the structure and dynamics of 
the water species, namely molecular (H2O) and dissociated 
water (OH, hydroxyl), confined to the oxide surfaces. INS 
spectra collected on TiO2 (rutile and anatase), SnO2, CoO, 
Co3O4, PdO, CeO2, CuO and ZnO nanoparticles  [2-5] support 
a ‘core-shell’ model for the structure of hydrated metal-oxide 
nanoparticles - a central core comprising the metal oxide 
particle surrounded by a multi-layered water shell.  
Translational motions of H2O are strongly restricted on the 
nanoparticle surfaces, relative to those in ice-Ih, due to 
extensive H2O–surface interactions. These interactions 
typically soften and distort the H-bond networks within the 
H2O layers. The complexity inherent in the structure of the 
nanoparticle hydration layers is reflected in their phonon 
density of states (PDOS) determined from the INS spectra. 
Thermodynamic properties of the hydration layers calculated 
from the PDOS allow us to probe the effect of the confined 
water on the stability of the nanoparticle as a function of 
particle size, structure, and chemistry. 
 
[1] A. Navrotsky et al (2010) Science 330 199. [2] N.L. Ross 
et al (2011) MRS  Proceedings, 1352. [3] E. C. Spencer et al  
(2011) J. Phys.: Condens. Matt, 23, 205303. [4] E. C. Spencer 
et al (2012) J. Chem. Thermodyn., 51, 1034. [5] E. C. Spencer 
et al (2014) Chemical Physics, in press. 
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Certain epithermal base metal deposits have fluid inclusion 
salinities as high as 22 wt% NaCl equiv. [1]. Typical 
intermediate density fluids exolving directly from a magma 
have salinities between 3 and 8 wt% NaCl equiv. Fluid 
salinities above this values are generally explained by boiling 
and/or mixing with basinal brines. However, in some 
epithermal base metal deposits, neither boiling nor mixing with 
basinal brines could be evidenced [1]. Other studies [2, 3] 
suggest deep mixing of magmatic brines with meteoric water 
to explain the rise and recording of these “high salinity” fluids 
in the epithermal environment. 

Based on fluid inclusion analyses from the early 
mineralizing stages at Cerro de Pasco, central Peru, we 
propose another mechanism to explain such “high salinity” 
fluids in the shallow epithermal environment. Early 
mineralization is characterised by an early stage of pyrrhotite-
dominated pipes that grade outwards into massive Fe-rich 
sphalerite and galena rims. During a subsequent mineralizing 
event, a massive pyrite-quartz body was emplaced followed by 
a new stage of polymetallic mineralization.  

In the present work, primary and pseudo-secondary fluid  
inclusion assemblages (FIAs) in quartz and Fe-rich sphalerite 
from the first stage and in quartz from the second one, have 
been studied. No evidence of boiling has been observed. FIAs 
show a progressive salinity decrease with time from 16.2 to 2.7 
wt% NaCl equiv. at relatively constant homogenization 
temperature (280-220°C). Oxygen isotope analyses in quartz 
from the pyrite-quartz body revealed a strong magmatic 
signature of the fluids [4]. The results are compatible with 
mixing between two magmatic fluids, a brine previously 
exsolved from the magma and stored at depth, and a low-
salinity one (~3 wt% NaCl equiv.), exsolving directly from a 
new magma batch. This mechanism, can explain the rise of 
fluids derived from magmatic brines, known to be rich in base 
metals and therefore explaining the high Zn-Pb-(Ag) grades of 
such deposits, whithout invoking mixing with meteoric fluids 
at considerable depth.  

 
[1] Albinson et al (2001) Econ. Geol. SP8, 1-32. [2] Simmons 
(1991) Econ. Geol. 86, 1579-1601.  [3] Bendezu (2007), Terre 
& environnmenent, 66, 167p. [4] Baumgartner et al (2008) 
Econ. Geol. 103, 493-537. 
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At slow-spreading ridges, fluid-rock interactions cause 

serpentinization of the peridotites exhumed along detachment 
faults. The serpentinizing fluids nature and their relations to 
hydrothermal circulations fueled by magmatic heat remain 
open questions. Because the easternmost Southwest Indian 
Ridge (62°-65°E) is nearly a-magmatic it represents an ideal 
place to study serpentinization in the absence of magmatic 
overprints. Here we focus on the highly serpentinized 
peridotites dredged on and off-axis in this region and 
particularly on a subset of these samples (about 25% in 
volume) that display textural evidence for a multiphase 
serpentinization history. Decimeter-sized blocks are zoned, 
with a typical serpentine mesh texture in the center, rims of 
recrystallized serpentine and several generations of veins. 
Increasing spacing of preferential fluid pathways accompany 
this sequence: from ~60-80-µm-spaced microfractures that 
form the initial network for fluid penetration in the fresh 
peridotite, to the 200-500µm-wide polygonal patterns of the 
mesh texture, then to the decimeter-spaced microfractures and 
veins that control serpentine recrystallization. 

Fluid-serpentine interactions involve the cohabitation of 
several serpentine polymorphs, from the mesh texture lizardite 
toward chrysotile-polygonal serpentine assemblages and 
locally significant amounts of antigorite.  values 
decrease from 5.98‰ in mesh texture serpentine to 1.91‰ in 
the latest recrystallized serpentines, suggesting temperatures of 
200-350°C and progressive equilibration with fluid values due 
to increasing water-rock ratio. Microprobe and LA-ICPMS 
data indicates that fluid-rock interactions caused local 
redistribution of some major elements (Al, Fe) and significant 
enrichments in fluid-mobile trace elements (B, Sr, U, Cu, As, 
Sb) in the initial mesh textured serpentine minerals compared 
to primary minerals of the peridotites. Later recrystallization of 
the mesh is marked by further major element transfers but no 
significant change in the trace elements contents. REE patterns 
show non systematic Eu anomalies, inferred to result from 
variable redox conditions. Significant Ce anomalies are 
measured in off-axis samples, reflecting seafloor interactions 
with seawater. 

! 
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The quantification of nutrient benthic fluxes provide vital 
information on the biogeochemical functioning of marine 
sediments and the understanding of global ocean nutrient 
budgets. The study area, Elefsis bay, is a shallow (32m 
maximum depth), polluted, semi-enclosed marine area of the 
Eastern Mediterranean Sea. Periodic hypoxic conditions occur 
every year in late summer. 

In order to estimate the exchange rates of nutrients, 
laboratory incubation experiments were conducted in two 
different seasons, under well oxygenated water column 
conditions (February 2012) and at hypoxic conditions (oxygen 
in the bottom layer 24.35 μmol/L, September 2012). In 
February, during incubation, oxygen (DO) was driven to 
depletion after 45 hours and the consumption rate was 
estimated as -20 mmol*d-1*m-2. At DO levels <30 μmol/L, 
nitrate concentration decreased while phosphate and 
ammonium increased, indicating that denitrification may act as 
a controlling mechanism. The release of ammonium and 
phosphate in hypoxic conditions suggests that sediment could 
act as a source of nutrients to the overlying water column. In 
September, the chamber was inadvertently oxygenated (DO 
114 μmol/L) and then driven to hypoxic conditions (60 
μmol/L) in ~9 hours. Oxygen and nitrate concentration 
followed a common distribution pattern. As DO increased, 
nitrate also increased, probably through nitrification process, 
followed by denitrification as the incubation continued and 
oxygen consumed. 

Nutrient porewater profiles in February showed that 
ammonia and phosphate concentrations increased below 2 cm, 
suggesting oxygen consumption at the above layer. At the 
horizon 5-6 cm, inorganic and organic phosphorous increased 
significantly, imlying that particle bound phoshorous might 
released. Ammonium concentration in February increased 
downcore, while in September remained at the same levels at 
2-12 cm horizons, indicating a non steady condition typical of 
coastal sediments. We are currently investigating further an 
intreaging subsurface nitrate maxima below the oxygen 
penetretation zone which might indicate active nitrification in 
the absence of oxygen. 
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The Taupo Volcanic Zone (TVZ) in New Zealand is one of 

the most active volcanic zones in the world. Rhyolites erupted 
from the Okataina Volcanic Center (OVC) within the TVZ 
vary in chemical composition over relatively small distances 
and within single eruptions. Eruptive products record the 
mingling of chemically distinct melts, but the timescales on 
which these melts are amalgamated prior to (or during) 
eruptions is not well understood. The relative roles of juvenile 
input and crustal recycling in the generation of melts are also 
not well constrained. This study presents the results of new 
trace element, 238U-230Th age data and hafnium isotopic data 
obtained from zircons of the 0.7 ka Kaharoa and 4.8 ka 
Whakatane eruptions, the most recent rhyolitic eruptions from 
the OVC.  

Zircons from both eruptions display a wide range of ages, 
with most grains yielding ages ca. 0-50 ka but several 
displaying ages >300 ka. Combined age and trace element data 
for both the Kaharoa and Whakatane zircons suggest that each 
eruption sampled zircons from a variety of coeval yet 
geochemically distinct melts. Kaharoa zircons show large 
variation in trace elements within older (28-56 ka) zircon 
cores, but more homogeneous populations present in younger 
(0-17 ka) zircon surface analyses. The chemically restricted 
rim data suggest that zircons derived from multiple sources 
underwent crystallization in the same melt just prior to 
eruption. Zircon εHf data were acquired from zircons in order to 
chemically fingerprint distinct melts that existed prior to 
amalgamation and eruption. εHf values within zircon range 
from approximately +2 to +9 at a given time, implying that 
discrete melts within the magma reservoir record the signature 
of an isotopically juvenile end-member component. 
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Understanding the relationships between volcanic 
eruptions (style, duration, size, intensity) and the magmatic 
processes that lead to them (source composition, melting style 
and extent, magma transport, crustal processes and magma 
storage) is a long term goal of volcanology. Over the past 
decade, geochemists and petrologists have played increasing 
roles in such studies, using petrological and compositional 
variations in space and time in erupted products to decipher 
how and when magma is formed and delivered to active 
volcanoes. Here we discuss recent and ongoing work uniting 
high-spatial-resolution sampling of modern/recent volcanic 
products, compositional analyses, and deposit mapping to link 
spatiotemporal patterns of composition to variations in magma 
formation, supply, and eruption style within single eruptions 
and between successive eruptions. Examples from several 
different mafic magmatic systems will be discussed, primarily 
submarine volcanoes, where we use deep submergence 
methods for geological observations/sampling coupled to high-
resolution temporal records from disequilibria amongst short-
lived U-series daughters. Our observations span a range of 
magma supply rate, eruption style and eruption duration. These 
include short-duration/high-effusion-rate eruptions (2005-2006 
East Pacific Rise 9°50’N eruption and 2009 Puipui eruption of 
the NE Lau Spreading Center), a longer-lived/effusive-
explosive example (2008-2011 West Mata eruption), low-to-
moderate effusion rate historical Juan de Fuca ridge eruptions, 
and examples from terrestrial volcanoes. We also consider 
successive deposits erupted over the past 50 years at sites on 
the southern and northern East Pacific Rise. We generally find 
larger spatial variations in erupted compositions at higher 
effusion rate, suggesting eruptions from multiple 
discontinuous, poorly mixed crustal magma reservoirs. Longer 
duration eruptions display greater temporal variations in parent 
magma composition that appear to require either magma 
recharge during the eruption or a temporal shift between the 
proportion of magma drawn from several different crustal 
reservoirs. These include cases of coerupted parent melts 
having distinct sources and melting conditions. 
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Green rust (GR) is a mixed FeII-FeIII layered double 

hydroxides related to the mineral fougèrite found in 
hydromophic gleysols. The crystallographic structure consists 
of positively charged hydroxyde sheets containing both FeII 
and FeIII species separated by anionic layers containing water 
molecules. The coexistence of an hydrated interlayer and FeII 
species induces a high reactivity of GR towards inorganic 
anions such as nitrate; the kinetics of reaction being much 
faster than the reduction rate observed for other FeII containing 
minerals [1]. The reactivity of hydroxycarbonate GR towards 
nitrate anions is studied as a function of the pH and FeII, NO3

- 
and PO4

3- concentrations in the framework of a full factorial 
design. The results show that phosphate anions play a key role 
: (i) for a ratio [PO4

3-] : [FeII] higher than 2 %, the reduction of 
nitrate is completeley inhibited, (ii) for a ratio [PO4

3-] : [FeII] < 
∼ 1 %, nitrate anions are reduced and the ammonium 
production rate can be as low as ∼ 10 %. These effects are 
attributed to a full or a partial saturation of the lateral surface 
sites of the GR hexagonal crystals, respectively [2] (Figure 1). 
If GR is intended to be used for a denitrification process, a 
dephosphatation pre-treatment should be performed. 
 
 
 
 
 
 
 
 
 
 
Figure 1 : Effect of the phosphate adsorption on the 
ammonium production rate when GR reacts with nitrate. 
 
[1] C. J.  Matocha et al (2012) Adv. Agron. 115, 182-207 [2] F. 
Bocher et al. (2003) Solid State Sci. 6, 117-124. 
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Overview 

Gusev crater was selected as the landing site for the Mars 
Exploration Rover Spirit because of the likelihood that it 
contained an ancient lake, a hypothesis supported by the fact 
that Ma’adim Vallis, one of the longest branching valley 
networks on the planet, breaches its southern rim and probably 
served as a conduit for flowing water [1]. Spirit’s Mössbauer 
spectrometer and Miniature Thermal Emission Spectrometer 
provided an unprecedented capability for in situ mineral 
identification. Although no lake sediments were found along 
Spirit’s seven-km traverse from 2004 to 2010, outcrops rich in 
carbonate [2], sulfate [3], and opaline silica [4; 5] were 
discovered. Diverse igneous mineralogy also was identified in 
association with flood basalts, pyroclastic deposits, shallow 
intrusives, and vesicular lava flows [e.g., 6; 7]. An amorphous 
silicate phase(s) was recognized in many rocks but its origin 
remains enigmatic [8]. 
Comanche Outcrops Revisited 

The Mg-Fe-carbonate-rich outcrops known as Comanche 
highlight some of the igneous and aqueous history of Gusev 
crater. As shown by [9], Comanche outcrops are the altered 
equivalent of the nearby olivine-rich outcrops known as 
Algonquin, which are remnants of volcanic tephra that likely 
covered the Columbia Hills and adjacent plains well before 
emplacement of basalt flows onto the floor of Gusev. Brines 
produced from minor leaching of Algonquin-like tephra 
deposits in an ephemeral lake would have a composition 
consistent with the alteration evident in the Comanche 
outcrops. Transport and evaporative precipitation of such 
fluids into the Comanche outcrops can explain their 
mineralogical, chemical, and textural characteristics [9]. 
 
[1] Squyres, S. W., et al (2004), Science, 305, 5685, 794-799. 
[2] Morris, R. V., et al (2010), Science, 329, 5990, 421-424. 
[3] Squyres, S. W., et al (2006), J. Geophys. Res., 111, 
E02S11. [4] Squyres, S. W., et al (2008), Science, 320, 1063-
1067. [5] Ruff, S. W., et al (2011), J. Geophys. Res., 116. [6] 
Ruff, S. W., et al (2006), J. Geophys. Res., 111, E12S18. [7] 
Morris, R. V., et al (2008), J. Geophys. Res., 113, E12S42. [8] 
Ruff, S. W., and V. E. Hamilton (2013), LPSC, 44, abs. #1753. 
[9] Ruff, S. W., et al (in press), Geology.   
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Barium sulphate is known for being a problematic scale in 

oilfields due to its low solubility and its hardness. Barite scales 
are formed as a consequence of the mixing of seawater with 
high SO4

2- content and formation water (high Ba2+ content) in 
the reservoir. The improvement in preventive methods 
designed to reduce the damage associated with scale formation 
needs a better understanding of the mechanisms of barite 
nucleation and growth at the early stages. The effectiveness of 
scale inhibitors depends on numerous parameters, such as pH, 
temperature and concentration, and they can act modifying one 
or several stages of the precipitation process (e.g. blocking 
active growth sites at the surface, sequestering the scale-
forming metal ion, affecting the type of amorphous phase or 
crystalline polymorph formed, as well as promoting solid-
cluster formation).  

The precipitation of several minerals, e.g. calcite, gypsum, 
magnetite and iron oxyhydroxide has been shown to follow a 
non-classical crystallization process. With the aim of studying 
barite crystallization process at early stages, BaCl2 and Na2SO4 
solutions were mixed and the precipitation was quenched at 
different times. The particles obtained were observed ex-situ 
using a FEI TITAN G2 Transmission Electron Microscope. 
Our results show that barite precipitation involves the initial 
formation of nanometer-size (5-10 nm) particles that fuse to 
form larger particles. Two hierarchical levels of aggregation 
are observed: first, the aggregation of 5-10 nm particles to 
form larger, but still nanometer-sized (20-60 nm) particles. In a 
second stage, these latter particles aggregate to produce larger 
single crystals (200-500 nm). Neither amorphous or crystalline 
precursor phases previous to crystalline barite was found. 
These findings have implications in the development of scale 
prevention methods, especially in the selection of the most 
suitable scale inhibitor. 
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Molecular dynamics simulations of 
the interaction of Chondroitin 4-

sulphate with calcium oxalate 
monohydrate surfaces  

SERGIO E. RUIZ-HERNANDEZ AND NORA H. DE LEEUW 
University College London, UK 
 

Calcium oxalate can be found in nature in three degrees of 
hydration: calcium oxalate monohydrate (COM, CaC2O4•H2O, 
Whewellite), dihydrate (Weddellite), and trihydrate (Coaxite). 
Although the minerals are considered extremely rare in the 
geological environment[1], alkali earth oxalates nevertheless 
play an important role in nature and chemistry. The calcium 
salts of oxalic acid are also found in many plants, whereas 
COM is also present in more than 70% of renal calculi as the 
supersaturation conditions of the urine in the kidney nephrons 
favour the precipitation of COM into stones. One of the 
possible centres for its formation are the hydroxyapatite 
aggregates known as Randall’s plaques, where the nucleation 
process is mediated by macromolecules, which are usually 
present in the organic matrix of the kidney stones 

Glycosaminoglycans (GAGs) are polysaccharide 
molecules that are abundant in mineralised tissues. A GAG 
molecule is an unbranched polymer chain of two different 
types of monosaccharide linked together in alternation[2]. 
Normal urine contains about 2% GAGs, comprising about 60% 
Chondroitin sulphate (ChS). The literature reports 
contradicting results about the role of urinary GAGs; Some 
polysaccharides like Heparan (HS) are reported as inhibitors of 
growth and aggregation, while others such as ChS promote 
crystal nucleation in inorganic, artificial urine. Both ChS, 
derived from stone formers and HS have been reported to 
encourage the nucleation of COM crystals in urine[3]. 

In this work we use computational methods to investigate 
the interfacial interactions between ChS and COM.  We 
present molecular dynamics (MD) simulations of Chondroitin 
4-sulphate disaccharide adsorbed onto a slab of COM in the 
presence of interfacial water. Adsorption structures have been 
calculated for the dominant (100) surface, as well as the (010) 
and (121̄) surfaces, which are also found in the experimental 
morphology in the presence of aditives[4]. We have simulated 
the adsorption of the disaccharide components independently 
to isolate the essential COM–saccharide interactions for each 
adsorbate. 
 
[1] VERRECCHIA, E. B., O.;CAILLEAU, G., 2006. GADD, 
G. M. (ed.) Fungi in biogeochemical cycles. Cambridge 
University Press. [2] L. Kjellén and U. Lindahl, Annu. Rev. 
Biochem., 1991, 60, 443–475.[3] SHUM, D. K. Y. & GOHEL, 
M. D. I. 1993. Clinical Science, 85, 33-39 [4] MILLAN, A. 
2001. Crystal Growth & Design, 1, 245-254. 
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The biomineral hydroxyapatatite (HAP) is commonly 
found in mammalian tissue. A substituted crystal structure of 
the mineral is the inorganic component of bone[1], and in 
humans it is also present in teeth, the Randall’s plaques 
(possible centre of formation for kidneys stones) and other 
small calcifications. The formation of the appropriate structure 
is controlled by various cells via secretion of several 
biomolecules into the surrounding tissue. The biomolecules 
can influence the spontaneous biomineralization of the apatite 
structures, either by providing a template for crystal 
nucleation; by adsorbing onto crystal surfaces and thus 
inhibiting crystal growth; or by sequestering dissolved mineral 
ions.   

Glycosaminoglycans (GAGs) are polysaccharide 
molecules that are abundant in mineralised tissues. A GAG 
molecule is an unbranched polymer chain of two different 
types of monosaccharide linked together in alternation[2]. It 
has been found that under in vitro conditions of limited 
calcium availability, GAGs, including chondroitin sulphate, 
and their proteoglycans inhibit the deposition of 
hydroxyapatite, because the adsorption of GAG molecules on 
the mineral surfaces is an obstacle to the mechanism of crystal 
growth[3]. 

In this work we use computational methods to investigate 
the interfacial interactions between GAGs and HAP.  We 
present molecular dynamics (MD) simulations of chondroitin 
sulphate saccharides adsorbed onto a slab of HAP in the 
presence of interfacial water. Adsorption structures have been 
calculated for the thermodynamically preferred (0001) surface, 
and the (011̄0) surface, which is the dominant plane of apatite 
nanocrystals in a biological environment. We have simulated 
the adsorption of the monosaccharides GlcA and GalNAc 4-
sulphate independently to isolate the essential HAP–saccharide 
interactions for each adsorbate. 

 
[1] A. S. Posner, Nature, 1964, 204, 1050–1052. [2] L. Kjellén 
and U. Lindahl, Annu. Rev. Biochem., 1991, 60, 443–475. [3] 
S. G. Rees, R. P. Shellis, and G. Embery, Biochem. Biophys. 
Res. Commun., 2002, 292, 727–733.  
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Resource and Climate Implications 

C. RUPPEL1 
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Methane hydrate is an ice-like compound formed when 
methane (CH4) combines with water at relatively low 
temperatures and moderate pressures.  Such conditions are 
common in shallow sediments on marine continental margins 
below waters at least 350-550 m deep and within and beneath 
thick, continuous permafrost. Gas hydrates are widespread, 
nominally concentrate methane by ~160 times compared to 
STP, and sequester a significant fraction of the carbon 
available for near-surface cycling.  For these reasons, hydrates 
are often mentioned as a potential unconventional energy 
source and invoked as a contributor to global atmospheric CH4 
emissions and thus greenhouse warming.  This talk reviews the 
state-of-the-art for methane hydrate energy and climate studies.  

Energy.  Methane hydrate traps natural gas in a 
concentrated form and at shallower, more accessible depths 
than conventional gas.  Currently, there are no proved gas 
hydrate reserves, in part because no long-term production test 
(e.g., 18 months) has been completed to document sustained 
gas release from hydrates.  Such a test is likely to occur by 
2020. To date, short-term production tests have been carried 
out in permafrost areas in the US and Canada and offshore 
Japan in a deepwater marine setting.  The locations of these 
tests highlight a challenge for rapid adoption of gas hydrate as 
an energy resource, namely the need to transport the gas long 
distances under harsh conditions between the production area 
and markets.  

Climate:  Up to 2% of annual atmospheric CH4 emissions 
has been attributed to dissociating gas hydrates, but evidence 
suggests that actual emissions are far lower. On contemporary 
Earth, gas hydrate dissociation occurs mostly on upper 
continental slopes, where warm intermediate waters perturb the 
updip extent of gas hydrate stability. Methane released at these 
water depths mostly dissolves or oxidizes to CO2 before 
reaching the atmosphere. This alters ocean chemistry, but has 
minimal direct impact on the atmosphere. Where thick 
permafrost is thawing rapidly, particularly on shallow (< 100 
m) circum-Arctic Ocean shelves, direct emission of CH4 from 
gas hydrates to the atmosphere is in theory possible.   
Permafrost-associated methane hydrate is not that common and 
occurs mostly at depths > 225 m in petroleum basins with 
particular cooling histories. Emissions from such hydrates have 
probably been significantly overestimated. 
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Small-angle neutron scattering (SANS) and ultra small-

angle neutron scattering (USANS) with contrast matching [1] 
techniques were used to investigate pore structure in Barnett 
Shale samples.  SANS and USANS measurements record 
scattering from all pores in the size range 10 µm ⎯ 10nm, 
including pores that are inaccessible to fluids, and can be used 
to determine the  material that contains pores and the number 
of pores as a function of size. By injecting deuterated methane 
gas (CD4) at contrast matching pressure it is possible to 
distinguish which pores are accessible, or open.  

We measured the variability in the fraction of accessible 
pores in two sub-samples 2 mm apart, mainly to examine mm-
scale heterogeneity in shale. Preliminary results suggest that 
the fraction of accessible pores varies between 50-90% in the 
USANS range (10 µm ⎯ 100 nm), with the largest pores being 
more inaccessible. In the SANS range (100 ⎯ 10nm) 60-85% 
are accessible.  The smallest pores (<10nm) were not detected, 
presumably because of condensation of methane. Pores occur 
in organic material.  These findings differ from previous work 
[2], which showed that pores were most accessible (80-90%) in 
the USANS range and less accessible (60-80%) in the SANS 
range. Some of the pores [2] may be present in inorganic 
material. Results indicate that data derived from the small 
samples used to examine porosity in energy systems must be 
used with care when up-scaling to plays or resources. 
 
[1] Melnichenko et al (2012) Fuel 91, 200-208. [2] Ruppert et 
al [2013] Energy Fuels 27, 772-779. 
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Survival during ascent in the crust: 
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crystallizing primitive phenocrysts  
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How fast magmas travel throught the crust particularly in 
focus zones that feed long-lived volcanoes and sustain crustal 
magma storage regions remains largely unknown. The 
conventional view suggests that arc magmatism is dominated 
by middle to upper crustal storage regions below the large 
volcanic edifices with records of deeper processes being often 
elusive or completely lacking [1-4]. While various radiogenic 
isotope systems are consistent with prolonged storage (kyrs – 
Myrs; [5]), elemental diffusion suggests that some crystals of 
the magmatic system spend very little time in the middle to 
upper crust prior to eruption (months to years [6,7]). In fact, in 
some cases magmas carry early-formed primitive crystal cargo 
from uppermost mantle depths to the surface [7]. Given the 
relative cold conditions (even in the lower crust) compared to 
temperatures of mantle-derived melts, ascending primitive 
melts experience heat loss to the surroundings early on, leading 
to crystallization of high Mg# silicates. Slow ascent and 
prolonged storage in the crust inevitably causes the 
fractionation of those high Mg# phases or diffusive re-
equilibration to more evolved compositions. Thus, the 
presence of high Mg# silicates (e.g. olivines with Fo>88) require 
transiting the entire crust rapidly. 

I present a thermal dike model that explores how fast 
magmas have to rise to preserve deep crystallized high Mg 
olivines. There exists only a narrow window of survival for 
such crystals (depending on the exact thermal structure of the 
crust). Whereas slow ascent (≪ 1 km/day) leads to 
fractionation and potentially solidification of the melts during 
dike transport, very fast transport rates of ≫ 10 km/day 
(adiabatic ascent; [8]) cause back melting of early forming 
crystals due to shallow fluid-undersaturated liquidi in P-T 
space compared to the P-T path of the ascending magma. Thus, 
the presence of early and deep crystallizing olivines in arc 
magmas provides strong evidence that batches of primitive 
magmas only take weeks to months to transit the arc crust and 
any existing shallow magma storage region.  
 
[1] Mandeville et al 1996, JVGR 74, 243-274. [2] Clynne, 
1999, J Pet. 40, 105–132. [3] Kent et al 2010, Nature Geosci 
3, 631–636. [4] Ruprecht et al 2012, J Pet. 53, 801–840. [5] 
Reid, 2003, Treatise on Geochem., 167–193. [6] Costa et al 
2013, JVGR 261, 209–235. [7] Ruprecht & Plank, 2013, 
Nature 500, 68–72. [8] Annen et al 2006, J Pet. 47, 505-539. 
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Methane, a potent greenhouse gas, plays an important role 

in regulating climate. Past fluctuations in methane have been 
shown to greatly affect the global carbon cycle, especially 
during release of methane from precarious marine reservoirs, 
gas hydrates [1]. Aerobic methane oxidation (AMO) is a major 
sink for methane in the global carbon cycle, and may moderate 
the release of gas hydrate methane into the atmosphere.  

One of the aims of our ERC AMOProx project is to be able 
to trace past AMO activity using bacteriohopanepolyols 
(BHPs) as biomarkers for aerobic methanotroph bacteria. Type 
I methanotrophs (from the class Gammaproteobacteria) are 
generally associated with aquatic systems whilst Type II 
methanotrophs (class Alphaproteobacteria) are widespread in 
terrestrial settings. 35-aminobacteriohopane-30,31,32,33,34-
pentol (aminopentol; Fig. 1, I) is only significantly synthesised 
by type I methanotrophs [2,3]. However, not all Type I 
methanotrophs make aminopentol, and the frequent absence of 
aminopentol in strictly marine systems (settings not under the 
influence of land-sea transport, i.e. active methane seeps) has 
lead us to question whether the methanotrophs thriving at these 
sites are not synthesising what was considered, at the start of 
our ERC project, to be the most likely candidate for an AMO 
biomarker in marine settings. Preliminary results from 
laboratory microcosm experiments suggest that a more suitable 
proxy for past marine AMO could be a ratio of two other (less 
specifically methanotroph) amino-BHPs, aminotetrol and 
aminotriol (Fig. 1, II and III).  

 
 
 Figure 1: Chemical structures of 

amino-substituted 
bacteriohopanpolyols: (I) 
aminopentol, (II) aminotetrol, and 
(III) aminotriol. 
 

 
[1] Dickens, 1999. Nature 401, 752-755. [2] Cvejic, J.H. et al 
2000. FEMS Microbiol. Lett. 182, 361-365. [3] van Winden et 
al 2012. Geochim. Cosmochim. Acta 77, 52-61.  
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The stereoisomer of bacteriohopanetetrol (BHT isomer) 
has been associated previously with anoxic marine 
environments [1]. However, the biological source of BHT 
isomer remained unknown. Here, we found that BHT isomer 
distribution in sediment cores and a surface sediment transect 
in an anoxic marine enclosure (Golfo Dulce, Costa Rica) 
correlated strongly with the distribution of ladderane fatty 
acids (Fig. 1), unique biomarkers for anaerobic ammonium 
oxidising (anammox) bacteria [2]. Anammox, an important 
process in the marine nitrogen cycle and active in Golfo Dulce 
[3,4], is performed exclusively by anammox bacteria.  

Our results indicate that the same bacteria are responsible 
for BHT isomer and ladderanes in Golfo Dulce. This was 
confirmed by the investigation of the bacteriohopanpolyol 
(BHP) lipid compositions of two marine anammox cultures, 
which were found to synthesise BHT and BHT isomer. BHT 
isomer was the most abundant BHP in these cultures. These 
results show that marine anammox bacteria may be responsible 
for at least part of environmentally-observed marine BHT 
isomer occurrences. Given the substantially greater residence 
time in geological sediments, BHT isomer is a potentially 
better suited biomarker than ladderanes for past anammox 
activity, which have eluded detection in sediments older than 
140 kyr. 

 
Figure 2: Scatter plot of 
ladderane fatty acid 
concentrations versus BHT 
isomer concentration in 
Golfo Dulce surface 
sediments.  
 

 
[1] Sáenz et al 2011. Organic Geochemistry 42, 1351-1362. 
[2] Sinninghe Damsté, et al 2002. Nature 419, 708-712. [3] 
Ward, B.B., 2013. Science 341, 352-353. [4] Dalsgaard, et al 
2003. Nature 422, 606-608.  
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Whereas it is widely accepted that brines involved in the 
formation of porphyry copper deposits derive from unmixing 
of moderate salinity, intermediate density fluids that exsolve 
from crystallizing magmas, the source of brines that form 
IOCG deposits remains enigmatic and intensely debated. 
Vapor-rich fluid inclusions in IOCG deposits are less common 
than in porphyry deposits and evidence for fluid immiscibility 
is rare. Our fluid inclusion compositional data show that most 
porphyry brines have Cl/Br molar ratios between 800 and 
3000; characteristic of primary magmatic brines, however the 
Cl/Br composition of IOCGs brines are more variable. For 
example Na/Cl/Br ratios of most IOCG deposits in the world-
class Carajas district fall on or near the seawater evaporation 
curve (most Cl/Br molar ratios between 200 and 1000) and are 
diagnostic of sedimentary bittern brines. A few of the deposits 
in this district show evidence for the input of subordinate 
amounts of magmatic brine as well.  At Ernest Henry, in the 
Cloncurry district of Australia, most Cl/Br ratios plot close to 
the seawater evaporation curve, but Cl/Br ratios up to ~5000 in 
several samples suggest the input of lesser amounts of 
magmatic fluids, metamorphic fluids and evaporite-
dissolution-derived fluids. IOCG fluids world-wide are also 
strongly enriched in Ca, Sr, and Ba relative to porphyry fluids, 
consistent with extensive fluid-rock interaction. Taken together 
with geologic constraints, these data strongly suggest that 
IOCG deposits form from large-scale circulation of high 
salinity fluids sourced from sedimentary basins with minor and 
variable input of magmatic volatiles.  
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Results from laboratory culture experiments have shown 
that U/Ca ratios of pristine planktic foraminifera are inversely 
related to seawater carbonate concentration and pH, suggesting 
that U/Ca may be useful as a proxy for paleo-pH. However, the 
amplitude and frequency of calculated pH based on U/Ca 
ratios in G. ruber from western Caribbean core ODP999A over 
the last glacial cycle are significantly greater than published 
δ11B-pH from the same core, and pCO2 calculated from U/Ca-
pH is unrealistically high during interglacials (compared to ice-
core pCO2).  

Here we compare the ODP999A G. ruber U/Ca and Mn/Ca 
records with published bulk sediment Fe/Al and salinity 
reconstructions from δ18O and Mg/Ca. During cold, dry glacial 
periods, Fe/Al increases due to enhanced delivery of Fe-oxide-
rich sediments from Colombian lowlands. During wet 
interglacials, surface-water salinity decreases, resulting in 
greater water-column stratification. We hypothesize that U-
rich authigenic coatings form during wet interglacial periods as 
adsorbed U is released from Fe- and Mn-oxides under reducing 
conditions, forming authigenic carbonate overgrowths. The 
glacial-interglacial cyclicity observed in the ODP999A U/Ca 
record is produced by variations in the supply of terrigenous 
Fe-Mn oxides to the Colombia Basin, combined with changes 
in degree of bottom-water oxygenation due to variable relative 
contributions of oxic North Atlantic versus lower-O2 Antarctic 
Intermediate Waters.  
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ICP-OES is a widely used analytical tool in the 

geochemistry field. To establish an ICP-OES as analytically 
suitable for the high throughput mineral exploration and 
geochemistry applications we have evaluated and documented 
the performance in the following areas: 

• Plasma parameters 
• Linear dynamic range 
• Robustness especially with high solids, high acid 

matrices 
• Sensitivity and detection limits 
• Long term stability  
• Interference management 
• Accuracy and reproducibility 

To achieve satisfactory performance in the areas described 
above required careful optimization of the pre-optics focus, 
torch geometry and plasma gas flows. Optimization was 
achieved using high speed imagaing, computer simulation of 
the Ar gas flows and torch geometries, followed by an 
extensive evaluation process. An overview of the optimization 
and results will be discussed. 
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Pavilion Lake in British Columbia, Canada, is home to 

actively growing microbialites that span the depths of the 
oligotrophic lake. The origin and evolution of this microbialite 
system is still unknown, particularly for structures deep in the 
lake. These “deep mounds” may be large rocks with 
microbialite growth, or large microbialites. A survey of 
microbialite bacteria suggested that deep structures may be 
inhabited by a large number of photoheterotrophs, including 
Chloroacidobacterium, which may allow for continued 
phototrophy in low light. To continue the investigation of these 
deep mound microbialites, we prepared two metagenomic 
libraries, one sequenced by Illumina short-read sequencing and 
another by PacBio long read sequencing. A total of 20Gb of 
sequence was seen by Illumina technology and 120Mb by 
PacBio. A combination of these datasets show that many 
carbon fixation pathways were found. Phylogenetically, many 
Proteobacteria sequences were identified, yet on the longer 
reads many genes did not share a common ancestor. We 
examine the community precipiating carbonate in these 
structures in comparison to other microbialite communities. 
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The deep biosphere of the Iberian Margin was drilled 
during IODP Expedition 339 and Archaea and Eukarya were 
examined by high throughput amplicon sequencing of their 
small subunit ribosomal genes. Eukaryotic signatures reflected 
distinct populations from other geographically distributed 
samples analyzed using similar methods. This suggests the 
presence of unique communities in these Iberian Margin 
subsurface sediments, also reflected in just the fungal 
populations seen by rRNA at Expedition 339 Site 1385. 
Eukaryotes did not show distinct trends with geochemistry, 
however archaeal 16S rDNA amplicons indicated that DSAG 
archaea are correlated with downcore carbon and iron profiles, 
reflecting their habitat preferences that were seen previously in 
shallower sediments (cite paper). Together these data show 
that within one deep biosphere hole, different trends for 
organisms can be seen. Currently eukaryotes such as fungi 
appear to be generalists, not correlating with any downhole 
geochemistry, yet archaea show distinct trends with specific 
metals. 
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Kimberlite magmas derive from ultra-deep (≥200 km) 

mantle sources and transport high loads (>25 vol. %) of dense, 
mantle-derived xenoliths and xenocrysts to the Earth's surface. 
A distinctive trait of kimberlite is the high abundance of 
ellipsoidal-shaped xenocrystic olivine grains derived from 
disaggregation of mantle peridotite. 

The exsolution of volatiles (CO2 & H2O) is generally used 
to provide the requisite buoyancy for these magmas to ascend 
continuously and rapidly. However, the source of volatiles and 
the physical-chemical process behind their liberation is rarely 
specified. Russell et al. (2012) provided a simple but unique 
model for the rapid ascent of these enigmatic magmas 
involving deep-seated fluid production driven by preferential 
assimilation of orthopyroxene by parental carbonatitic to 
carbonate-rich silica-undersaturated melts [1].  

Here we expand on this model using evidence embedded in 
morphological (rounding) [2,3], textural (sealed and healed 
cracks) [2], and surface (smooth and flakey) [3] properties of 
xenocrystic olivine. These features record physical and 
chemical changes attending kimberlite ascent and elucidate the 
physical nature of transport for the kimberlite magma. 
 
Fig. 1. Architecture of kimberlite 
factory. The factory is an 
elastically-inflated portion of the 
kimberlite dyke.  Upper portion 
(white) comprises a turbulent, 
CO2-rich fluid suspension of 
olivine xenocrysts sampled from 
the damage zone formed at the 
crack tip during dyke propagation.  
Grey region is a transitional to 
laminar flow regime comprising, 
frothy to bubbly kimberlite melt 
and xenocrysts sedimented from 
the overlying turbulent column of 
fluid. 

 
 

 
[1] Russell et al (2012) Nature 481, 352–356. [2] Brett (2009) 
Unpublished M.Sc. Thesis. [3] Jones et al (In Review) Solid 
Earth. 
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We present a reformulation of the submarine alkaline 

hydrothermal theory for the emergence of life in response to 
recent experimental findings as well as discoveries in the life 
sciences [1]. This reformulation sees life, like other self-
organizing systems in the Universe, as an inevitable and rapid 
outcome of particular disequilibria. In this case the 
disequilibria were two: in redox potential, between 
hydrothermal hydrogen plus methane with the circuit-
completing electron acceptors such as nitrite, nitrate, ferric iron 
and carbon dioxide in the Hadean Ocean, and in pH gradient 
between this mildly acidic external ocean and the alkaline 
hydrothermal fluid. Both CO2 and CH4 were equally the 
ultimate sources of organic carbon, and the metal sulfides and 
oxyhydroxides acted as protoenzymatic catalysts. The 
realization, now fifty years old, that membrane-spanning 
gradients rather than organic intermediates, play a vital role in 
life’s operations calls into question the idea of “prebiotic 
chemistry”. It informs our own suggestion that 
experimentation should look to the kind of nano-engines that 
must have been the precursors to molecular motors – such as 
pyrophosphate synthetase and the like driven by these 
gradients – that make life work [2]. It is these putative free 
energy or disequilibria converters, presumably constructed 
from minerals comprising the earliest inorganic membranes 
that, as obstacles to vectorial ionic flows, present themselves 
as the candidates for future experiments. 
 
[1] Russell et al 2014 The drive for life on wet and icy worlds. 
Astrobiology, in press. [2] Baltscheffsky, H. & Persson, B. 
(2014) On an early gene for membrane-integral inorganic 
pyrophosphatase in the genome of an apparently pre-LUCA 
extremophile, the archaeon Candidatus Korarchaeum 
cryptofilum. J Mol Evol DOI 10.1007/s00239‐014-9610‐7. 
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Predicting the temperature at which a solid phase will 
nucleate from a silicate melt is a key problem in igneous 
petrology and also in the industrial production of glass and 
glass ceramics.  Thermodynamic predictions are often not 
sufficiently accurate in industrial settings. Improved 
capabilities for prediction of liquidus temperatures, which take 
into account inhomogeneous aspectes of nucleation, and in 
particular the influence of composition, are needed.   

A crucial aspect of nucleation is the atomic-scale structure 
of the mineral-melt interface.  Although a tremendous amount 
of work has been done on mineral-water interfaces, the 
mineral-melt interface is much less studied.  Despite the great 
effort has been directed at understanding it, water structure is 
only perturbed by a small degree when placed in the presence 
of a surface.  This is because of the generally low density of 
the aqueous phase and because the mineral surface charge can 
be neutralized by protons, which serve as incredibly versatile 
charge compensators.   

In a silicate melt-mineral interface, surface charge 
compensation must occur through the cations in the melt .  The 
tendency to accumulate at the interface is balanced against the 
activities of the cations in the melt, in contrast to mineral-water 
interfaces which is mostly influenced by pH.  In contrast to 
mineral-water interfaces, which have one or two layers of 
ordered water, molecular simulations of the melt-mineral 
systems reveal a highly structured interface, with six-seven 
ordered oxygen layers extending more than 1 nanometer into 
the melt.  Molecular simulation of a range of mineral-melt 
pairs reveal highly variable interfacial structures differing 
significantly from the melt-air interface which tends to 
accumulate alkali and alkaline earth.  Some minerals, such as 
zircon tend to accumulate alkali ions, while others, such as 
corundum and spinel are alkali-phobic, accumulating network 
forming cations such as B3+, Al3+ and Mg2+.  Thus, depending 
on the mineral and melt structure and composition a wide 
variety of charge-compensating strategies may be taken.  This 
will almost certainly have a strong effect on nucleation 
phenomena and crystal growth in these systems. 
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A pumping test that was influenced by a natural flood 

provided a novel opportunity to investigate the response of 
organic matter fluorescence in a stream to artificially induced 
and natural hydrological stress. This experiment, conducted at 
Elfin Crossing in Maules Creek (NSW, Australia), was 
monitored through the use of multiple tracers collected along a 
transect of bores. 

Throughout the experiment daily samples were collected 
for radon activity and organic matter analysis via fluorescence 
measurements, along with field measurements of EC, pH and 
dissolved oxygen. There were also continuous measurements 
of temperature and hydraulic head in the various bores, as well 
as weather conditions. The pump was switched on the second 
day of the experiment and maintained at a constant rate for 8 
days. On the 5th day rainfall started, and increased until the 
river flooded on the 7th day. Measurements continued until 
after the pump was turned off. 

The fluorescence measurements were performed on a 
Horriba Aqualog and analysed using a PARAFAC model and 
well-established components were identified. Overall the 
fluorescence components displayed a significant response to 
the movement of the surface water through the subsurface due 
to the flood, with a smaller response due to the pumping. 
Whilst the radon measurements predominantly showed a 
response to the pumping in the deeper bores. This experiment 
demonstrates the importance of combining multiple tracers to 
decouple and more fully characterise a system under changing 
hydrological stress. 
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The evaluation of heavy halogens (Cl, Br and I) in 
magmatic glass samples and meteorites provides key 
information on the origin and the recycling of the major 
volatile elements. However, their low concentrations in most 
materials of interest have left them in the shadow of other 
elements, which can be measured with standard techniques. 
For example, Cl and Br can be estimated by Instrumental 
Neutron Activation Analyses but the technique requires several 
hundreds of mg-sized samples. An alternative technique exists 
as an extension of the 40Ar /39Ar technique[1, 2]. In order to 
measure the abundances of Cl, K, Br, I, Ca, Ba and U, splits of 
samples are exposed to a high neutron fluence. This produces 
nucleogenic noble gas isotopes in abundances proportional to 
those of the parent elements. 

This technique (Neutron Irradiation Noble Gas Mass 
Spectrometric – NI-NGMS technique) found a revival in 
2000’s in the Manchester Laboratory[3, 4, 5]. A recent paper by 
Kendrick[6] summarized in detail the basic concept of the 
technique. This author introduced scapolite as a potential 
standard for halogens, instead of the classic meteorite standard 
(Shallowater or Bjurböle), for the first time. In a more recent 
paper, Kendrick et al.[7] decreased the values of the scapolite 
standards by 22% and 26% for the Br and I, respectively. If 
proved correct, this revision has an impact on all publications 
for almost 50 years using the NI-NGMS technique. We have 
measured different standard materials (meteorite, quartz 2320, 
scapolite) and used an internal correction applied to the sample 
itself based on barium concentrations (“barium correction”). 
The implications of these corrections will be discussed, with a 
focus on reconciling discrepencies in standard measurements 
to improve this sensitive technique for halogen analysis which 
is widely applicable to a variety of geologic materials.  

 
[1] Turner (1965), JGR 70, 5433-5445. [2] Böhlke & Irwin, 
GCA 56, 187-201. [3] Johnson et al (2000), GCA 64, 717-732. 
[4] Kendrick et al (2001), Chem. Geol. 177, 351-370. [5] 
Burgess et al (2002), EPSL 197, 193-203. [6] Kendrick (2012), 
Chem. Geol, 292-293, 116-216. [7] Kendrick et al  (2013), 
GCA 123, 150-165. 
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Nitrogen (δ15N) and oxygen (δ18O) isotope ratios of NO3

- 
are often used to trace dominant NO3

- pollution sources in 
water. Three methods are currently employed: (i) the silver 
nitrate (AgNO3) method, (ii) the bacterial denitrification 
method and (iii) the cadmium reduction method. The AgNO3 
method is only applicable for fresh-water samples with 100–
200 mmol of NO3

-, because it requires NO3
- purification by 

anion-exchange and subsequent precipitation as AgNO3, for 
analysis by elemental analyser-isotope ratio mass spectrometry 
(EA-IRMS). The existence of large blanks from dissolved 
organic matter can also be an issue in the application of this 
method. The bacterial denitrification method uses bacteria to 
convert NO3

- into N2O[1] and the cadmium method produces 
N2O by chemical reduction of NO3

- to NO2
- with a subsequent 

reaction with azide [2]. Since the formation of N2O eliminates 
any interferences and is amenable to gas chromatography-
IRMS, the N2O methods have a detection limit below 1µmol 
and can also be used for seawater samples. Despite these 
advantages, the N2O methods are not yet universally adapted 
and a reliable method comparison is still missing. Here we 
present a first systematic comparison of all three methods 
using river-, ground- and contaminated water samples having a 
wide range of δ15N- and δ18O-NO3

- values and NO3
- 

concentrations. 
 
[1] Sigman et al (2001) Anal. Chem. 73, 4145-4153 [2] 
Ryabenko et al (2009) L&O-Methods 7, 545-552 
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Base metal (W, Mo, Cu, Zn, Pb) ores are commonly 
associated with the skarn deposits, and the CO2 released during 
formation of these skarns is a significant contributor to global 
climate change[1]. In this work, we have examined oxygen 
isotopes (laser fluorination) and trace elements (LA-ICP-MS) 
of grossular-andradite skarn garnet associated with Jurassic 
and Cretaceous magmatism in the Sierra Nevada, Mojave 
Desert, and Peninsular Ranges, California. These data are used 
to test how depth of formation in the magmatic arc, metal 
content, and decarbonation reaction progress, relates to the 
proportions of igneous, metamorphic, and meteoric fluids and 
their re-dox state. Results show that most skarns (e.g., Garnet 
Hill, Consolidated Tungsten, Crestmore, Darwin, Tungsten 
Hills, Minarets) have garnet δ18O values of 5 to 7.5‰ 
indicating dominance of magmatic water in the skarn-forming 
fluid, whereas, higher more variable δ18O garnet values (6 to 
11‰) are typically associated with smaller volume skarns 
dominated by mixed metamorphic and magmatic water (e.g., 
White Knob, Riverside). A subset of skarns associated with 
late-Jurassic gabbros and upper crustal volcanic-plutonic 
complexes contain garnet that records low to very low δ18O 
values (e.g., Tungsten Hills 4‰; Strawberry Mine 3-4‰; Ord 
Mountains 2–3‰; Desert View 1‰; Empire Mountain 3 to –
4‰; White Chief –7 to –8‰) indicating influx of meteoric 
water. Preliminary REE analyses of garnets show grossular-
andradite proportions have first-order crystal chemical control 
on relative positions of  LREE and HREE, but we note that 
negative Eu anomalies, straightening and relative lowering of 
REEs arrays, is associated with low δ18O values in garnet, and 
consistent with meteoric fluids [2]. In general, major W skarns 
are dominated by focused magmatic fluids, but  Cu-Pb-Zn 
metal suites are related wholly or at least in part to a phase of 
meteoric fluid ingress. In addition, decarbonation reaction 
progress is most extensive where meteoric water budgets were 
elevated and suggests enhanced decarbonation during periods 
of extension in the upper crust of convergent margin magmatic 
arcs.  

 
[1] Lee et al (2013) Geosphere 9, 21–36. [2] Clechenko et al 
(2002) NEIGC Guidebook 94, 1.1–1.17. 
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Our research investigates the origin of the anomalous 
oxidized, subaerially erupted, ca. 2.06 Ga Kuetsjärvi Volcanic 
Formation (KVF) of Fennoscandia, deposited during the 
progressive oxidation of the Earth’s atmosphere. The KVF 
displays a very large range of ratios of oxidized to total iron 
(Fe3+/ΣFe) with a mode of ≈0.5, while earliest Paleoproterozoic 
and late Paleoproterozoic volcanic formations in Fennoscandia 
have Fe3+/ΣFe around 0.2. This study utilizes rock samples 
collected from FAR-DEEP Cores 6A, 7A, and 8B to test the 
two main hypotheses put forth to explain the oxidized nature of 
KVF: 1) eruption from a highly oxidized mantle, or 2) 
oxidation during terrestrial exposure by oxygen-charged 
groundwaters during the putative atmospheric pO2 “overshoot” 
of the Great Oxidation Event. 

Our preliminary petrographic observations and 
geochemical data suggest that the elevated Fe3+/ΣFe values of 
the KVF are from post-crystallization hematization of the 
rocks that initiated at the erosional contact marking the top of 
the KVF, and progressed downward exploiting the oldest 
fracture sets. One of the strongest pieces of evidence for 
syndepositional oxidation predating regional metamorphism is 
the observation of the oxidized KVF clasts within the 
overlying conglomerate units, which otherwise do not exhibit 
pervasive oxidation. These observations, together with 
geochemical evidence for only modest alteration by surficial 
weathering, support the hypothesis of interaction with highly 
oxidizing groundwaters pursuant to eruption of the KVF. 
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An internal sediment (IS) - the organic matter (OM) rich 

sedimentary rock that fills caverns in the bottom parts of the 
ore bodies and open spaces between the collapse breccia 
fragments have been reported numerous times from the 
Silesian-Cracow Zn-Pb ores (e.g. Sass-Gustkiewicz 1996), but 
its position and origin in Silesian-Cracow deposits has not 
been resolved so far. Preliminary tests of IS from "Pomorzany" 
mine using X-ray diffraction (XRD), scanning elecron 
microscope (SEM), gas chromatography coupled with mass-
spectrometry (GC-MS), total organic carbon (TOC) and total 
sulfur (TS) measurements were carried out.  

Based on XRD data and Rietveld refinements, the mineral 
composition of IS is highly variable with dolomite (28-89%wt) 
and gypsum (2-35%wt) as the main compounds. The average 
ore minerals (pyrite, sphalerite, marcasite) content is 10%wt. 
SEM studies show that IS samples contain only small amount 
of sphalerite, while galena is absent. These observations 
indicate that IS has been formed before or simultaneously with 
Zn-Pb deposit. 

Geochemical investigations indicate that IS samples are 
OM rich (TOC= 7-15%), while contents of TS (2-20%) are 
highly variable and depend on the degree of sulfides 
mineralization. The study of OM extracts using GC-MS 
revealed their low thermal maturity. All of the IS samples 
contain hop-13(18)-enes, hop-17(21)-enes and 17ß,21ß(H)-
hopanes - compounds typical for an immature OM. The 
bimodal distribution of n-alkanes with peaks at n-C17 and n-C27 
may indicate a multi-sourced origin of OM in IS from Silesia-
Cracow Zn-Pb ores. 

This work was supported by the NCN grant: PRO-
2012/05/N/ST10/00486. 

 
[1] Sass-Gustkiewicz, M. (1996). Internal sediments as a key 
to understanding the hydrothermal karst origin of the Upper 
Silesian Zn-Pb ore deposits. [2] W: Sangster, D.F. (ed.), 
Carbonate-hosted Lead-Zinc Deposits Society of Economic 
Geologists, Special Publication 4, 171-181. 
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Coastal redwoods of California have been dependent over 
the millennia on summer coastal fog to provide one third of 
their annual water. Fog water intake is primarily through the 
stoma of the needles but fog through fall water also contributes 
to water uptake in the summer dry season. Coastal fog contains 
elevated concentrations of monomethylmercury, up to 9.8 ng/L 
(MMeHg) [1].  In order to assess whether MMeHg introduced 
by fog is concentrated in the redwood ecosytem, mercury (Hg) 
and MMeHg was measured in redwood needles, litter, and soil 
from old growth redwoods throughout their distribution along 
the CA coast. High concentrations of MMeHg occur in living 
redwood needles: from 1.6 to 3.76 ng/g (dry weight basis, 
dwb) about 2 orders of magnitude higher than in evergreen 
needles not receiving coastal fog water. Hg concentrations in 
living redwood needles ranges from 21.7 to 80.5 ng/g (dwb), 
comparable to reported values for evergreen needles in non-
coastal trees. After 3 years redwood needles die and samples of 
brown recently deceased needles contain comparable 
concentrations of MMeHg and Hg to that in living needles 
from the same old growth redwoods. Waters and sediment 
under both low and high flow conditions were sampled from 
watersheds in old growth redwoods forests to assess levels of 
MMeHg. Stream waters under low flow conditions have very 
low concentrations of MMeHg, .02 ng/L, and under high flow 
conditions low MMeHg concentrations are comparable to that 
in rainwater, 0.19 ng/L. However Hg concentrations under 
high flow conditions are elevated, 22 ng/L, compared to low 
flow conditions where Hg concentrations range from 1.3-3.15 
ng/L and Hg concentrations in rainwater, 5.4 ng/L. MMeHg 
concentration in stream waters are not elevated because 
MMeHg is retained in the redwood needles. Hg concentrations 
in high flow stream waters are elevated because soils 
developed under old growth redwoods have elevated 
concentrations of Hg that results from decomposition of 
redwood needles and transformation of MMeHg to Hg bearing 
phases.  
 
[1] Weiss-Penzias et al (2012) Geophys Res Letters, 39, 
L03804, 1-5. 
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Lithium isotopes have been used as a tracer of silicate 

weathering but the relationship between river water δ7Li and 
silicate weathering rate still need to be established with 
precision. Here, we report Li concentrations and Li isotope 
composition of soils developed along a 4 million year humid-
environment chronosequence on the Hawaiian Islands. 
Previous work has shown that with age the basalt weathering 
becomes less important to the soils and atmospheric inputs 
become more important. The soils also show mineral evolution 
from glass, olivine and feldspar to nanocrystalline secondary 
minerals and finally to crystalline products such as goethite 
and kaolin. Significant Li depletions (up to 90%) relative to 
parent basalts are systematically enhanced towards the surface 
and along the chronosequence. δ7Li values of the younger soils 
(< 20 ka) are consistent with that of fresh basalt, regardless of 
the depth. This supports that the lack of significant Li isotope 
fractionation during rock leaching, as exhibited by 
experimental investigations (e.g. Verney-Carron et al., 2011) 
and that little influence of Li atmospheric inputs for the 
younger soils. δ7Li values for the older soils (≥ 20 ka) are more 
variable with depth with the higher values (up to 14‰) 
systematically measured in the most surficial horizons. Mass 
balance calculations show that dust Li input accounts for up to 
20% of the total Li input, while rainwater Li input is negligible 
with less than 1%. Results suggest that Li isotope compositions 
of regolith are mainly controlled by various processes during 
weathering and secondary mineral formation. 
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The impact of dust in atmospheric, aquatic, and terrestrial 
exosystems requires constraint of dust sources [1,2], especially 
in the southwest United States where dust threatens Colorado 
River flow [3,4]. While the traditionally employed bulk 
analyses are effective at signaling the presence of exogenous 
dusts, they are less effective at pinpointing and apportioning 
specific sources of dust contribution. An individual mineral 
grain represents a self contained, closed system that has the 
advantage of bypassing the nonconservative tendencies 
associated with bulk analyses. 

In this study, we initiate the development of a novel 
method combining bulk elemental and isotopic analysis with 
individual mineral grain analysis to trace the origin of dust and 
appropriate the different contributing sources. Dusts and local 
rock from the San Francisco Peaks, Arizona were anlyzed for 
Sr and Nd isotope fractionations as well as elemental and 
mineralogical composition. Both the isotopic and elemental 
bulk analyses indicate not only a weathered local rock material 
but also exogenous material of continental crust origin. The 
dusts were characterized by an average 87Sr/86Sr ratio of 0.7095 
± 0.0010 and εNd of -7.13 ± 0.97. These signatures 
systematically and significantly deviate from the isotope 
fingerprints of the local rock, which exhibited an average 
87Sr/86Sr ratio of 0.7037 ±0.0002 and an average εNd of -2.43 ± 
0.43. The negative correlation between εNd and 87Sr/86Sr is 
consistent with two component mixing of rock evolved from a 
mantle source and continental crust derived material. This 
mixture composition was also reflected in the elemental 
abundances with the exception of Pb, which indicated an 
anthropogenic influence exhibiting enrichment factors between 
1.65 and 7.44. Individual zircon grains were identified only in 
the dust and will be analyzed for U-Pb signatures in order to 
characterize the isotopic fingerprint of individual mineral 
grains, which will better distinguish external sources. 
 
[1] Goudie and Middleton Earth Sci. Rev (2001), 56, 179-204 
[2] Reheis et al (2002), Geochim Cosmochim Acta 66, 1569-
1587 [3] Painter et al (2007), Geophys Res Lett 34, L12502 [4] 
Painter et al (2010), PNAS 107, 17175-17130  
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The Quaternary Qa’le Hasan Ali (QHA) maars in central 

Iran (Milton, 1976-77; Bull. VolcanoI. 40-3: 201) occur at the 
intersection of the north-south Nayband fault, which defines 
the western boundary of the Lut microcontinental block in 
Iran, and a system of northwest-southeast trending faults which 
to the southeast merge into Makran volcanic arc along the 
southern boundary of the Lut block. The Makran arc extends 
eastward into Pakistan and towards the Khanneshin 
Catbonatite Complex in Afghanistan. The highly potassic 
basanite tephrites forming the tuff rims of the QHA maars 
contain tephrite-coated plutonic xenoliths. Some of the 
plutonic Xenoliths are interpreted as co- genetic with the 
phlogopite, Mg-rich (Fo89-92) olivine, aegirine-augite, 
anorthoclase tephrites based on their similar mineralogy and 
isotopic composition (87Sr/86Sr=0.7059). Some of these 
cognate plutonic xenoliths have up to ~20 volume % calcite, 
considered to be primary igneous calcite based on (1) grain 
size, which is similar to alkali feldspars and aegirine-augite 
pyroxens in these rocks, (2) the presence of small crystals of 
pyroxene and apatite within calcite grains, and (3) the 
similarity of the isotopic composition of the calcite with the 
other minerals in these rocks. The fact that calcite has 
remained intact and not volatilized during the transport of 
these xenoliths to the surface in the hot tephrite magma implies 
a short transit time, and suggests that they are samples of a 
shallow plutonic complex, as does the presence of anorthoclase 
in these rocks. The presence of high modal proportions of 
primary igneous calcite in these xenoliths suggests that these 
shallow plutonic complexes have affinities with carbonatites. 
The calcite bearing plutonic xenoliths have high LREE/HREE 
ratios and contain ~0.3 wt percent LREE. A large proportion of 
the REEs may occur in REE-rich allanite, with up to ~20 wt % 
LREE content, that makes up 5 modal % of the most calcite 
rich samples.  
 
Key words: Qa’le Hasan Ali, Xenoliths, Carbonatite, Basanite 
tephrite, Iran 
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The studied area is located in Northeast of Iran ,30 

kilometers to Afghanistan borders. The drainage basin is over 
3150 square kilometers wide. The maximum absolute 
temperature is 41° and the minimum absolute temperature is -
12.5° Celsius. The average annual rain amount is 208.2 mm 
and the average annual evaporation amount is 394.7 mm, so 
the weather is dry and cold. The rocky outcrops in the basin 
are mostly limestone, dolomite, conglomerate, tuff, sandstone, 
and young alluvium with Paleozoic-Quaternary age. 
Considering existence of a grand skarniron stock with upper 
Eocene age and over billion tons of iron ore, and also several 
placer iron mines in Sangan plain, it seems that the natural 
environment of thearea has been undergone some changes. In 
order to estimate these changes qualitatively and 
quantitatively, 30 surface spate and groundwater samples, and 
also 30 soil samples were analyzed. Results indicated that 
water in the area is partially basic. (pH=7.5~8.3), and its 
conductivity is about 700~990 microsiemens/centimeter. The 
anion and cation order of the samples is Na+>Ca+>Mg+2>K+ 
and HCO3

->SO4
-2>Cl->NO3

-. It implies that dissolved minerals 
in water samples have lithologic origin. Also high density of 
heavy metals specially Arsenic, Phosphorus, and Sulfur in soil 
composition represents that increasing pollution in natural 
environment is caused by mining activities. 
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Alkalifeldspathic rocks identified at the contact of the MV 
monzonitic Paleocene intrusion are referred to as “syenite” [1] 
(quotation marks preserved). Indeed meso- and microscopic 
relationships indicate the presence of a syenitic melt coexisting 
with the already consolidated monzonite. The monzonite is 
penetrated by syenite veinlets and also forms enclaves in the 
syenite otherwise discontinuously mantling the monzonite, 
towards well-developed high-temperature calcic skarns and the 
host Jurassic recrystallized limestone. 

The syenite is composed of K-feldspar, zoned aegirine-
augite (Ac = 21-54) and titanite. Accessory phases are 
represented by eudialyte and apatite with moderate chlorine 
and ellestaditic substitutions. Quartz appears accidentally. K-
feldspar is homogeneous, displaying perthites only along 
deformation bands. Eudialyte is corroded or overgrown by 
dalyite, hyper-zirconian eudialyte and an undetermined K-Na 
zirconosilicate. At pyroxene resorption edges a sulphide 
association develops, partly preserved also in the skarnified 
portions of the syenite, where besides pyrite, pyrrhotite and 
chalcopyrite we identified millerite intergrown with vaesite-
cattierite solid solutions, thalcusite and members of the 
djerfisherite-thalfenisite series, including a Fe-Cu-Tl term. 

Close to the syenite, pyroxenes in the monzonite are 
mantled or replaced by green aegirine-augite, and the outer 
zone of the syenite is transformed in wollastonite-grossular 
skarn preserving the former magmatic structure. The border 
between skarnified and untransformed syenite is marked by an 
axiolitic fringe of fine-grained pectolite. The skarn formed on 
syenite is grading to a grossular-wollastonite spinifex 
aggregate, in turn bordered by wollastonite-grossular-
pyroxene-monticellite skarn, passing into spurritic exoskarn. 

The association of subalkaline intrusions with peralkaline 
(agpaitic) magmas developed at limestone contact implies 
extreme chemical shifts, unlikely to appear in residual 
contaminated melts. Yet, fluids evolution during skarn 
formation may lead to compositions with hyper-solidus 
behaviour with respect to peralkaline melts, which are actually 
generated by partial melting of the already consolidated 
intrusives percolated. 
 
[1] Pascal et al (2001) Canadian Mineralogist 39, 1405-1434 
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Recent progress in the mechanistic understanding of the 

leaf wax lipid δD proxy, namely the identification of 
evapotranspiration as an important driver, now paves the way 
for quantititative paleohydrological reconstructions from 
sedimentary records of lipid biomarker δD values from closed 
catchment lakes. In particular, recent experimental studies 
have suggested, that leaf wax n-alkane δD values of 
dicotyledonous plants record the δD values of plant leaf water. 
The isotope enrichment of plant leaf water above plant source 
water (i.e. precipitation) is mainly driven by relative humidity 
(rH) and temperature (T), as such these factors are expected to 
excert major influence on leaf wax n-alkane δD values – in 
addition to the isotopic composition of plant source water. 
Therfore, it should be possible to extract quantitative 
information about any of these variables, if the other variables 
can be constrained. 

Here we present a conceptual framework based on a 
combination of plant physiological modeling and δD values of 
aquatic and terrestrial lipid biomarkers to extract quantitative 
information about past changes in rH from lacustrine 
sedimentary sequences. 

In our approach we use the isotopic difference between 
aquatic and terrestrial lipid biomarkers (εaq-terr) as a measure of 
mean ecosystem leaf water isotope enrichment and employ a 
Craig-Gordon leaf water isotope model where we constrain 
input variables from available vegetation cover information 
(based on palynological records) and climate proxy data (T). 
This model is then solved for rH.  

We apply our dual-biomarker approach to a previously 
published record of lipid biomarker δD values from sediments 
of Lake Meerfelder Maar and estimate rH changes during the 
Younger Dryas (YD) cold period in western Europe. Our 
results imply a rapid and substantial increase in relative 
humidity during the YD on the order of 15%, consistent with 
the increased abundance of plant taxa adapted to dry 
conditions at that time as well as previous suggestions of 
substantially dryer conditions during the YD in western 
Europe. 

Our new dual-biomarker approach provides a framework 
for the reconstruction of quantitative hydrological data, which 
can be directly compared to the output from climate models. 
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The Nahand- Ivand area is located in the north of Tabriz, 

NW Iran. In the classification of the structural units of Iran, 
this area is situated in the western Alborz-Azarbaijan zone. 
Today, the Tabriz basin is an intra-mountain basin [1] which 
included the formation of organic-rich, laminated sandstone 
occurred repeatedly during the Miocene usually interpreted as 
a product of anoxic/euxinic conditions [2]. A total of 45 
samples from the Qom Red Bed formation spatially sandstones 
of M2

mg unit were analysed by ICP-MS for trace element and 
by Infrared for TOC. The trace element indices V/(V + Ni) 
have been used in this study to assess the paleo-redox 
conditions. This value varies from 0.3 to 0.7, indicating 
euxinic conditions and deposition in H2S-containing bottom 
water [3]. Euxinic sediments are deposited in an anaerobic-
reducing environment and are characterized by their black 
color, high organic content, presence of hydrogen sulphide. 
The total organic carbon content (TOC) of the M2

mg unit is 
between 0.11 (unmineralized layer) and 4.36 wt.% 
(mineralized layer up to 35% Cu) with an average content of 
0.9 wt.%. Our work shows that the organic matter could have 
acted as reductant and a source of sulfur for the formation of 
pyrite and catalyst for the cement dissolution and consequently 
copper sulfide mineralization [4]. 
 
[1] Alimohammadian et al (2011) Palaeogeography, 
Palaeoclimatology, Palaeoecology 311, 1–18 [2] Ozaki et al 
(2011) Earth and Planetary Science Letters 304, 270–279 [3] 
Soliman et al (2012) Geochimica et Cosmochimica Acta 90, 
195–220 [4] Greenwood et al (2013) Ore Geology Reviews 50 
, 1–27 
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The oxygen isotopic composition of natural carbonate 
minerals is commonly used under the assumption of 
equilibrium with its ambient water to determine the 
temperature at which the carbonates formed and the oxygen 
isotope composition of their parent solution [1,2]. However, 
oxygen and carbon isotope compositions of natural carbonates, 
such as corals and speleothems, often appear to be out of 
isotopic equilibrium [3,4]. Disequilibrium isotopic 
compositions arise from kinetic isotope effects (KIEs), which 
occur when the reaction rates of the heavy and light isotopes 
differ. In the inorganic carbonate system KIEs may be 
associated with precipitation, speciation reactions and CO2 
degassing during carbonate mineral formation. The existence 
of these KIEs complicates the use of carbonate repositories in 
the geologic record for paleoclimate and paleohydrology 
reconstructions. Specifying the contribution of each of the 
KIEs to the total observed composition remains a major 
outstanding challenge. 

We performed a series of witherite (BaCO3) laboratory 
precipitation experiments and measured the isotopic 
composition of the carbonates and the residual solutions by 
continuous-flow isotope-ratio mass spectrometry. Complete 
rapid precipitation from solutions buffered at pH values 
between 7.5 and 13 and temperatures between 15 and 40 °C 
captured the equilibrium isotopic fractionation, and agrees well 
with previous work [5]. Incomplete precipitation with variable 
yields captured isotopic distillation due to the KIEs and 
allowed determination of their magnitudes. Experiments at pH 
13 recorded only the KIEs associated with precipitation, while 
experiments at lower pH recorded the combined KIEs of 
precipitation and inorganic carbon speciation. The full set of 
experiments describes the pH and temperature dependence of 
the KIEs in witherite formation, and could help to unlock the 
paleoclimatic and paleohydrological information in carbonate 
minerals.  

 
[1] Urey (1947), J Chem Soc 562–582 [2] Epstein et al (1953), 
Bull Geol Soc Amer 64, 1315–1326 [3] Wefer & Berger 
(1991), Mar Geol 100, 207–248 [4] Hendy (1971), Geochim 
cosmochim Ac 35, 801-824 [5] Beck et al (2005), Geochim 
Cosmochim Ac 69, 3493–3503 
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The Alpine Fault is the main Australian-Pacific plate 

boundary structure in the South Island of New Zealand. At a 
regional scale the Alpine Fault has a remarkably linear trace 
[1], except in the northern South Island, where a lazy-S-shaped 
bend has developed. 

Mid-Cretaceous (126.6 ± 1.3 Ma) adakitic hornblende 
granulites of the Glenroy Complex outcrop west of the Big 
Bend. Peak metamorphic conditions were 815 ± 40 °C/~6 kbar. 
U-Pb, 40Ar/39Ar and fission-track thermochronology define a 
multipart thermal history that elucidates the age of the Big 
Bend. Following metamorphism, the Glenroy Complex was 
relatively rapidly exhumed to the upper crust during two 
periods of continental extension (104.5 ± 2.5 Ma & ~80–45 
Ma) separated by a period of tectonic quiescence in the Late 
Cretaceous (~100–80 Ma). Development of the Alpine Fault at 
~23 Ma [2] had no influence on Glenroy Complex exhumation. 
Initial surface exposure occurred in the late Middle Miocene. 
Development of the Big Bend at ~15 Ma led to formation of a 
foreland basin on the Australian Plate and reburial of the 
Glenroy Complex to ~3 km. Increased convergence across the 
plate boundary in the Late Miocene [3] resulted in final 
exhumation at ~4 Ma. 

 
[1] Norris et al (1995) GSA Bulletin 107, 231-240 [2] Cooper 
et al (1987) Geology 15, 941–944 [3] Cande et al (2004) 
Geophysical Journal International 157, 399-414 
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Medical Mineralogy involves the study of the mechanisms 

of cells or biomolecules interactions with minerals and 
aqueous solutions in processes relevant to human health. 
Mineralogists can uniquely contribute by emphasizing the 
critical role of the crystal structure, composition, particle size, 
bulk and surface chemistry of the mineral or amorphous solid 
phase to the thermodynamics or kinetics of the relevant 
reactions. These ideas are illustrated with two examples 
involving bone.  

Bone is a hierarchical, composite material of collagen 
molecules and fibrils in strict spatial registry with plate-
shaped, nanocrystals of non-stoichiometric hydroxyapatite and 
non-collagenous proteins. The mechano-biochemical functions 
of bone depend critically on this architecture. Incredibly, the 
molecular-level mechanisms of bone biomineralization are still 
not understood, despite six decades of research since the two-
dimensional structure of collagen was first determined. We 
used Molecular Dynamics (MD) simulations based on low 
resolution X-Ray structure to develop the first high-resolution 
three-dimensional collagen fibril structure up to the 100s of nm 
length-scale. Hamiltonian Replica Exchange MD results 
showed that calcium phosphate clusters nucleate in specific 
“hole” zones within the fibril, because charged amino acid side 
chains of the collagen molecules are oriented in towards the 
hole zones, thus, attracting Ca2+ and phosphate ions to those 
zones. Further, using HRTEM, we showed that even small 
molecules, like citrate and amino acids, can modulate crystal 
growth resulting in platey nanocrystals. Umbrella sampling 
potential of mean force simulations suggested small molecule 
adsorption in preferred crystallographic directions, thus 
modulating shape. 

The goal of bone tissue engineering is to design bioactive 
scaffold materials loaded with soluble factors that induce 
osteogenic cell differentiation and promote bone regeneration. 
We have shown that soluble silica is a pro-osteoinductive 
factor to human mesenchymal stem cell (hMSCs). Hence, even 
without extraneous soluble factors, a scaffold that releases 
silica faster should be more osteoinductive than a slower-
dissolving silicate. The hypothesis was confirmed by 
comparing osteoinductive potential of pseudowollastonite  
(β-CaSiO3), which has a strained three-ring silicate structure, 
to its more stable, chain silicate polymorph, wollastonite  
(α-CaSiO3). Thus, crystal structure can be used one predictive 
property of the osteogenic potential of silicate bioceramics.  
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The environmental conditions under which life can emerge 

and evolve is one of the most fundamental parameters in 
understanding the origins of life on early Earth and potentially 
on other worlds. The cell membrane is the defining boundary 
between the individual cell and its environment, so the 
integrity of the membrane is one important measure of 
survival. Single chain amphiphiles (SCAs) are believed to have 
comprised the membranes of the earliest protocells, and hence, 
SCA vesicles are used as model protocells. The goal of the 
present study was to determine the stability of SCA vesicles in 
unicomponent and binary systems over a wide range of pH, 
ionic strength and background electrolyte type in order to 
identify environmental conditions for model protocell survival. 
The vesicle-forming ability was examined by 
fluorescence/phase contrast microscopy and by fluorescence 
spectrophotometry for five SCAs (decanoic acid, decanol, 
guanidine monodecanoate, decylamine and decylsulfate) with 
different head group charges at pHs ~ 3, 7 and 10 and at 
various salt conditions (200 mM NaCl or KCl or NaBr or 
MgCl2 or LaCl3).  

Vesicles of different head group charges were found to be 
stable under different environmental conditions. In the absence 
of salt, more vesicle-forming systems were found at neutral 
and high pHs than at low pHs, for vesicles composed of only 
negatively charged heagroups or mixed -/0 headgroups. NaCl 
had the most stablizing effects whereas MgCl2 and LaCl3 
resulted in rupture of vesicles, under most conditions. Na+ and 
K+ had similar magnitude of effect on vesicle stabilization, and 
Cl- was more effective than Br-. These results were interpreted 
in terms of a balance of hydrophobic, van der waals and 
electrostatic forces and charge screening in the presence of 
salts. The survival of vesicles under different conditions 
suggests that protocells could potentially have occupied a wide 
range of environmental niches. Even more interestingly, 
different compositions of membranes were stable under 
different conditions implying a potential early diversity of 
membrane types due to environmental selection pressure 
favoring survival of the fittest protocells in different 
conditions. 
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Amorphous calcium carbonate (ACC) is a precursor to the 

crystalline CaCO3 phases (vaterite, calcite, aragonite) in 
biogenic and inorganic processes, and its dehydration is 
thought to be an essential step in its transformation. Classical 
molecular dynamics simulation studies of the dehydration of 
hydrated ACC shows that although its average structure is not 
well described by the structures of any of the crystalline 
CaCO3 phases, the local structural environments of those Ca2+ 
sites that are 6-coordinate by oxygen (as in all the crystalline 
phases) are quite similar to those in vaterite but not those in 
calcite or aragonite. Crystal-like volumes are present at all 
hydration levels, and the abundance of vaterite-like volumes is 
greater than for calcite- and aragonite-like volumes. The 
results, thus, suggest that nucleation of vaterite can occur by 
internal reorganization of ACC nano-particles, whereas calcite 
and aragonite are more likely to nucleate externally. This 
conclusion is consistent with the highly disordered structure of 
vaterite and suggests that the nucleation of other disordered 
oxysalt phases can occur in the same way. It is also consistent 
with experimental results that show the formation of ordered 
regions of colloidal particles by internal reorganization of 
amorphous clusters (Zhang and Liu, 2007). Our 3-dimensional 
analysis of the local structures around Ca2+ ions is done using a 
bond orientational order parameter that incorporates the 
distance-related angular orientation of the carbonate groups.  

 
[1] Zhang, T.H., and Liu, X.Y., 2007, J. Am. Chem. Soc., 129, 
13520 
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It is well known that the distribution of isoprenoid alkanes 

in crude oil is influenced by maturation, beside the source 
material and oxdicity. Thermal stability of pristane (pr) and 
phytane (ph) and their ratios (pr/ph) was observed up to above 
moderate maturities (reservoir temperature: ~160°C, estimated 
generation temperature: 165-170°C [1]) 

As a part of a running project involving the analysis of 
~200 crude oils, we carried out various heating experiments 
[isotherm hydrous pyrolysis (330-370°C) and MSSV (350-
530°C) and constant heating rate MSSV (0.1, 0.7, 5°C/min; 
350-530°C)] to describe the variation in the distribution 
(relative abundances of the different chain lengths) of regular 
acyclic isoprenoid hydrocarbons in the range of iC9-iC20 
range. 

Preliminary results show that the generation trends of short 
chain isoprenoids from longer ones are not linear, but increase 
with increasing temperature. Pr/ph ratios show only some 
increase in high temperatures ranges and severe cracking at 
highest ones. The iC10 [2] and (iC16+iC18) vs. pr and ph ([3], 
were a reliable maturity indicator in the crude oil samples, but 
did not show strong temperature dependence in the 
experiments. 

In the recent study we compare the products generated in 
the three types of experiments with the untreated crude oil 
samples of different maturities. 

This research was supported by the Hungarian Scientific 
Research Fund (OTKA) through grant number 84086  
(Cs. Sajgó) and by the European Union and the State of 
Hungary, co-financed by the European Social Fund in the 
framework of TÁMOP 4.2.4. A/2-11-1-2012-0001 'National 
Excellence Program' (J. Fekete). 

 
[1] Sajgó, Cs. 2000. Assessment of generation temperatures of 
crude oils. Organic Geochemistry 31, 1301-1323 [2] Kissin, 
Y.V. 1993. Catagenesis and composition of petroleum: Origin 
of n-alkanes and isoalkanes in petroleum. Organic 
Geochemistry 20, 1077-1090 [3] Illich, H.A. 1983. Pristane, 
phytane, and lower molecular-weight isoprenoid distributions 
in oils. AAPG Bulletin 67, 385-393 
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Permo-Carboniferous continental glacial sediments cover 

large mineralized areas in the NE of Yilgarn Craton, Western 
Australia. They consist of polymictic diamictites of  
glacial outwash origin and glacio-lacustrine mudstones. 
Paleolandscape and paleoclimatic evolution indicate that these 
sediments were mechanically weathered and eroded from 
basement paleohighs of several provenances under an arid and 
cold climate. The resultant sediments filled disconnected, 
highly irregular, asymmetrical and poorly-drained basins.  

By the end of Paleozoic, deep chemical weathering under a 
warm and humid climate and oscillation of the paleo-
watertable subdivided the Permo-Carboniferous sediments into 
three main chemostratigraphic units; 1) the lower unit (Unit I) 
composed of unweathered grey, calcareous and sulphide-rich 
sediments formed below the water table under anoxic and 
alkaline pH conditions; 2) the middle unit (Unit II) composed 
of slightly weathered brown ferruginous sediments formed 
under slightly alkaline and redox conditions; and 3) the upper 
unit (Unit III) composed of deeply weathered bleached 
kaolinitic clay formed under circum-neutral and oxidizing 
conditions. 

Textural relationships, heavy minerals and chemical 
composition of the Permo-Carboniferous sediments indicate 
that they are derived from proximal provenances and thus can 
be used as a footprint to target proximal, buried mineralization.  

Sampling strategy of these sediments should focus on two 
main interfaces between chemostratigraphic units that may 
reflect the spatial and temporal mechanical and hydromorphic 
dispersion of pathfinder elements. These include: 1) sulphide-
rich basal conglomerates which represent the key physical 
interface separating the Permo-Carboniferous sediments from 
the underlying unweathered basement; 2) The regional 
chemical interface between the lower and middle units, along 
which redox-sensitive elements were enriched with iron and 
manganese oxides. These elements are released as a result of 
oxidation of sulphide and alteration of ferromagnesian. 
minerals. 
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Climatic changes and paleolandscape evolution are critical 

elements to understand the stratigraphic development of the 
cover in regolith-dominated terrains. This understanding 
enhances geochemical characterization and interpretation of 
regolith units. The Albany-Fraser Orogen is an underexplored, 
deeply weathered terrain that extends along the southern 
margin of the Yilgarn Craton in Western Australia.  

The regolith profile in the studied area is developed over 
Proterozoic sheared granitoids intruded by gold-bearing mafic 
intrusions. It is subdivided into in situ weathered regolith (20 
to 55 m) and overlain by a transported cover of poorly-
cemented, ferruginous sands, gravels and lateritic pisoliths (2 
to 25 m). The in situ regolith consists of lower ferruginous 
and/or upper kaolinitic saprolite that were formed under warm 
and humid climate and terminated by a discontinuous silcrete 
layer that was formed under an arid to semi-arid climate. The 
contacts between these regolith units are either physical or 
chemical interfaces along which chemical variations are 
mainly dependent on the mineralogical composition of 
bedrocks and the intensity of weathering. 

Ferruginous saprolite is best-developed over mafic 
intrusions and biotite and hornblende-rich granitoids. 
Weathering of ferromagnesian minerals and sulphides led to 
formation of goethite and enrichment in Fe, Cu, Ni, Co, V and 
Zn. This unit changes laterally and vertically into a bleached, 
kaolinitic saprolite unit, overlain by silcrete duricrust. The 
latter is best developed on alkali granites and 
quartzofeldspathic gneiss in low-lying basinal areas, and 
consists mainly of quartz, anatase and zircon. It is associated 
with residual enrichment in Si, Zr and Ti, coupled with 
leaching of Au, alkali, alkaline earth and transition elements.  

The transported cover and the coarse-grained soil fractions 
are enriched in Fe, V, Th and Cr and depleted in Au, which 
reflect the composition of lateritic pisoliths. The fine-grained 
clay fractions are enriched in Al, alkali and alkaline earth 
elements.  

In conclusion, the ferruginous saprolite develops mainly 
above the underlying mafic bedrocks. The transported cover 
does not reflect any significant enrichment in Au related to 
buried mineralization.  
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The NanoSIMS is a secondary ion mass spectrometer 

optimized for high precision isotopic and trace element 
measurements from deep sub-micron areas.  

It includes a primary ion beam of reactive species (Cs+, O-) 
at normal incidence with a normal co-axial secondary ion 
extraction and an objective lens at short working distance. This 
optimizes ionization yield, primary beam performance (spot 
size < 50nm) and ion collection. A double focusing Mattauch-
Herzog-like magnetic sector mass analyzer incorporates a 
multi-collection of up to seven EMs or FCs. 

The instrument has helped producing scientific results in 
earth & planetary sciences [2], materials, bio-geochemistry, 
cell biology and environment microbiology [3].  

The vast majority of publications were based on detection 
of electronegative elements or isotopes, sputtering the sample 
with cesium ions, with a spot size down to 50nm. Indeed the 
analysis of electropositive ions required the use of a 
duoplasmatron ion source in O- mode, with a much lower 
brightness than the cesium source. This limited the everyday 
lateral resolution to 300-400nm in O- mode.  

We present here the recent integration and characterisation 
of a RF-plasma ion source delivering O- primary ions. The 
demonstrated values of beam density and spot size are as good 
or better compared to the Cs+, opening new possibilities and 
new fields of research : alkalies, transition metals, REE, 
uranides will now be detectable and imaged at low 
concentration level with better than 50nm lateral resolution.  

We will illustrate this development with some preliminary 
application examples in geosciences. 

 
[1] Hydrogen Isotopes in Lunar Volcanic Glasses and Melt 
Inclusions Reveal a Carbonaceous Chondrite Heritage. A. E. 
Saal et al Science 14 June 2013: 1317-1320 [2] Zero-valent 
sulphur is a key intermediate in marine methane oxidation. J. 
Milucka et al Nature 491, 7Nov2012, 541-546 [3] M. L. 
Steinhauser et al. Multi-isotope imaging mass spectrometry 
quantifies stem cell division and metabolism. 516, Nature, Vol 
481, 26 January 2012 
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Thanks to its precision, its reproducibility and its stability, 
Electron Microprobe is a well suited technique for accurately 
analyzing nearly all chemical elements at concentration levels 
down to few 10’s ppm with a spatial resolution of about 1 µm, 
which is relevant to microstructures in a wide variety of 
materials and mineral specimens.  

With the development of the Schottky emitter and its 
implementation as electron source in Electron Microprobe, 
small features are commonly analyzed down to sub-
micrometer scale. Thanks to the high brightness of the 
Schottky emitter, a fine focussed electron beam can be 
achieved with both high and stable beam currents even at low 
accelerating voltages (≤10 keV). 

Since X-rays are generated from a much larger diameter 
than the diameter of the incident electron beam, it is necessary 
to optimize the two interdependent parameters, accelerating 
voltage and beam diameter, in order to take full advantage of 
the FEG electron source for X-ray analysis. The electron beam 
diameter increases when decreasing the electron beam energy. 
The interaction volume - within which scattered electrons 
generate X-rays – decreases with the electron energy. Thus a 
small beam diameter is not always synonym of a small 
interaction volume and optimized conditions are obtained 
when the analytical spatial resolution is primarily limited to the 
diameter of the X-ray emission volume in a specific material. 

The ability to accurately quantify precipitate phases on the 
micrometer and sub-micrometer scale when working at low 
beam energy with high spatial resolution will be illustrated in 
examples such as Dunite, igneous rock locally enriched with 
Platinum. The analytical resolution determined from X-ray 
maps will be presented. All samples were analyzed with the 
CAMECA SXFiveFE.  

 
[1] The authors acknowledge Ph. de Parseval and B. Abily 
from GET for sharing samples. 
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The temporal sensitivity of an intrusion’s crystallinity, 

mobilization and differentiation histories make geochronology 
indispensable to understanding magmatic processes. However, 
the observation of highly dispersed U-Pb dates in igneous 
rocks complicates the use of high-precision geochronological 
data in assessing the rates and mechanisms of magma genesis 
and emplacement. Our approach for relating dates to process 
employs (1) U-Pb TIMS-TEA geochronology+geochemistry of 
zircon, titanite and additional U-Pb phases, and (2) LA-ICPMS 
and EMP zircon trace element geochemistry, in order to 
quantify the chemical and temporal complexity of these same 
minerals at the handsample, single grain and sub-grain scales. 
These complementary techniques provide important 
constraints on the in situ geochemical stratigraphy generated 
by crystal zoning and the coupled geochronological-
geochemical information retained within fragments of single 
crystals. 

We apply this integrated methodology to a suite of 
accessory minerals from the Bergell Intrusion, N. Italy, a 
normally-zoned Alpine pluton preserving a ~10 km crustal 
transect. Zircon TIMS-TEA data traces magma differentiation 
at the handsample-, lithology- and pluton-scales over ca. 500 
kyr, 1 Myr and 2 Myr timescales, respectively, which can be 
linked to whole-rock geochemical trends. “Microsampling” of 
individual grain fragments for TIMS-TEA following LA-
ICPMS/EMP analysis produces single zircon growth intervals 
ranging 103—105 years, with textural and geochemical controls 
demonstrating a combination of core-rim mixing and 
protracted magmatic growth in generating these crystallization 
durations. LA-ICPMS transects of CL-imaged zircons permit 
the assembly of composite trace element records for 
handsample populations as well as between samples, and 
corroborate compositional trends determined by TIMS-TEA. 
TIMS-TEA characterization of Bergell titanite and allanite 
allow reconstruction of the intrusion’s thermal evolution and 
balancing of the system’s trace element budget. 
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In Ukraine 80 % of drinking water is carried out from the 

Dnieper basin water. Formation of the qualitative and 
quantitative composition of the Dnieper basin water occurs in 
the marshland, which enriches water greatly by the humic 
compounds with the different physical and chemical 
properties.  

The aim of this paper was to monitor the various natural 
organic matter (NOM) forms in the Dnieper River and change 
of these characteristics in different seasons on the basis of 
determining of characteristics such as dissolved organic carbon 
(DOC), biodegradable organic carbon (BDOC), assimilable 
organic carbon (AOC) and specific ultraviolet absorption 
(SUVA). 

Raw water from the Dnieper River and fulvic acids (FA) 
extracted that water were identified as the objects of study. 

The content of FA in Dnieper River water is approximately 
30-40 times higher than that of humic acids. Studies of the 
molecular weight distribution of FA extracted from the 
Dnieper River water have shown that it is basically the 
substances with relatively low molecular weight (<1000 Da). 
FA with molecular weight > 1000 Da are only 11%. 

It is determined that SUVA of Dnieper River water during 
the year is ranged between 3.0 and 3.5. This indicates the 
presence of the hydrophobic and hydrophilic compounds and 
both humic and nonhumic compounds.  

DOC and SUVA content changes in Dnieper river water is 
caused by the seasonal effects. 

DOC is ranged between 9 and 18.8 mg/L. The DOC 
content is reduced in the water during the cold period but the 
UV254 growing indicates on increase in weather of substances 
with aromatic and chromophoreic groups. 

Maximum BDOC was 4.1 mg/L, which was formed 22.6 
% of the DOC. AOC is ranged between 67 and 972 μg/L. 

The existence of the differences between different water 
samples can be related to the changes of NOM quality 
composition at different seasons and is caused by the changes 
in the molecular weight distribution, hydrophilicity-
hydrophobicity degree, charge density and functional groups 
composition. 

A rational conditions for drinking water production were 
recommended depending on water quality. 
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Northwest Africa (NWA) 6704 is a unique, ungrouped, 

permafic achondrite whose mineralogy [1] and coupled O-Cr 
isotopic systematics [2] are indicative of an origin from a 
previously unsampled parent body. Recent isotopic studies 
[3,4] have investigated the age of NWA 6704 using the Pb-Pb 
and Al-Mg chronometers. Here we further characterize this 
specimen using the short-lived 53Mn-53Cr system to ascertain 
whether there is concordancy with ages based on the Pb-Pb 
and Al-Mg chronometers, and to evaluate its potential as a new 
time anchor for short-lived radiogenic isotopic systems. 

Dissolution, separation of Cr, and mass spectrometry 
procedures followed the same methods described by [5]. High-
precision Cr isotopic measurements were completed using a 
Thermo Triton Plus TIMS at UC Davis. 

The 53Mn-53Cr isochron of NWA 6704 is defined by two 
chromite, one metal, and three pyroxene separates and the 
NWA 6704 whole-rock point. The whole-rock fraction for 
NWA 6693, a paried stone, falls along the NWA 6704 mineral-
whole rock trend line as well. The regression line through all 
of these points yields a 53Mn/55Mn ratio at the time of last 
isotopic equilibration of (2.59±0.34)×10-6 (MSWD=1.2) with 
an initial ε53Cr = +0.14±0.03. Anchoring to D’Orbigny yields a 
53Mn-53Cr age for NWA 6704 of 4562.87±0.87 Ma using the 
D’Orbigny 53Mn/55Mn reported by [6] or 4562.17±0.76 Ma 
using the D’Orbigny value from [7] and the Pb-Pb age of 
D’Orbigny [8] calculated using a 238U/235U ratio of 137.79. The 
53Mn-53Cr age using the first 53Mn/55Mn value for D’Orbigny 
is, within error, the same as the reported 26Al-26Mg age 
(4563.48±0.34 Ma; [4]) and Pb-Pb age (4562.80±0.46 Ma 
using a 238U/235U ratio of 137.79±0.02; [3]). The excellent 
agreement among the Pb-Pb, Al-Mg and Mn-Cr ages enhances 
the potential utility of NWA 6704 as a new time anchor for 
short-lived systems. 
 
[1] Irving A. et al (2011) 74th MetSoc, A5231 [2] Sanborn M. 
et al (2013) 76th MetSoc, A5220 [3] Iizuka T. et al (2013) 44th 
LPSC, A1841 [4] Yin Q-Z. et al (2013) 76th MetSoc, A5160 
[5] Yamakawa A. et al (2009) Analy. Chem., 81, 9787 [6] 
Sugiura N. et al (2005) Earth Planets Space, 57, E13 [7] 
Glavin D. et al (2004) MAPS, 39, 693 [8] Brennecka G. and 
Wadhwa M. (2012) PNAS, 109, 9299 
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The widespread heterogeneity of the ε54Cr isotopic 
composition in meteorites [e.g., 1] and its utility in meteorite 
classification [e.g., 2] has established this parameter as an 
increasingly robust forensic tool for investigating origins of 
planetary materials and their inter-relationships.  

Comparison of the coupled Δ17O-ε54Cr values within an 
individual sample to other meteorites (or class of meteorites) 
provides a powerful means to establish or refute an origin on a 
common parent body. Thus, we have recently reported high-
precision Cr isotopic results for a range of ungrouped or 
anomalous meteorites [3-5] to investigate possible common 
origins with known meteorite groups, and to decipher the 
identity and evolution of their respective parent bodies.  

We will illustrate this with three examples of the use of 
Δ17O-ε54Cr systematics in investigating differentiation 
processes in the early Solar System. First, we will discuss the 
use of ε54Cr in examining the possibility for a non-Vesta origin 
for the anomalous eucrites Ibitira, PCA 91007, Asuka 881394, 
Pasamonte, and NWA 1240, and the possibility of the current 
(or former) existence of multiple differentiated Vesta-like 
parent bodies. Second, we will review the increasing number 
of unique, previously unsampled differentiated bodies that are 
becoming more discernible using Δ17O-ε54Cr systematics. For 
these ungrouped meteorites (NWA 7325, NWA 8054, and 
NWA 6704), the Δ17O composition alone would provide 
uncertain relationships with other established meteorite groups. 
Finally, we will discuss the ability of ε54Cr values to establish 
genetic connections between a newly discovered group of 
materials possessing highly metamorphosed and igneous 
textures and CR2 chondrites, with implications for possible 
differentiation on the CR parent body. 

 
[1] Trinquier A. et al (2007) ApJ, 655, 1179-1185 [2] Warren 
P. H. (2011) EPSL, 311, 93-100 [3] Sanborn M. E. et al (2014) 
45th LPSC, A2018 [4] Sanborn M. E. et al (2013) 76th 
MetSoc, A5220 [5] Sanborn M. E. et al (2014) 45th LPSC, 
A2032 
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The nature of the interplay between active tectonics and 
fluid flow is a key feature to better understand the chemical 
evolution of fluids in geothermal and hydrothermal systems.  

The objective of our current research is to assess the nature 
of the interplay between brittle deformation, chemical 
evolution of fluids and mineral paragenesis in the geothermal 
field of Tolhuaca in the Southern Andes volcanic zone. Tol-‐1 
is a vertical 1.080 m deep core hole that yields relevant 
information regarding the evolution of the Tolhuaca 
geothermal system. The methodology includes fluid inclusion 
analysis using microthermometry and LA-ICP-MS in 
structurally-oriented fault-‐veins and veins hosted in the host 
rocks, and chemical analysis of the present-day vapor and 
liquid fluid phases from the geothermal reservoir. These 
analyses allow constraining the chemical evolution of the fluid 
and identifying thermal-regime changes.  

Our results indicate that the metalloid (B, As) 
concentrations in paleo-fluids and present-day fluids are 
significantly different, strongly suggesting changes in the deep 
magmatic vapor contribution. Moreover, the structural and 
mineralogical vertical segmentation and the evidence of 
brecciation and wide-spread boiling episodes reveal a 
periodical feedback between fault-fractures networks 
activation and mineralization sealing the conduits for fluid 
flow. This hypothesis is being tested by numerical experiments 
of heat-fluid-rock interaction constrained by simulated and 
geologically meaningful P-T conditions. 
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The latest Barremian-Early Aptian recorded a series of 

environmental changes of global magnitude identified as 
pronounced fluctuations of the δ13C isotopic record indicating 
alterations of the carbon cycle [1-2]. Pulses of isotopically 
light CO2 associated with intensified volcanism and /or 
dissociation of methane hydrates at that time have been 
invoked as the main cause for negative excursions of the δ13C 
profile. Conversely, enhanced 12C removal due to intensified 
primary productivity and enhanced organic carbon 
preservation recorded as worldwide deposition of black shales 
(average TOC > 2%) might explain a subsequent positive 
excursion (up to ~ 4 ‰) corresponding to Oceanic Anoxic 
Event 1a (OAE1a) coeval with the lower part of the L. cabri 
planktonic foraminifera Zone. 

Similarities in the global extent of the δ13Ccarb and δ13Corg 
profiles [3] have been used as an important geochemical 
correlation tool for chronostratigraphy of the Barremian trough 
the Aptian [4].  

Here we present a high-resolution (~2 samples/m) curve of 
δ13Corg and TOC for an expanded (237 m) Tethyan section (El 
Pui section) including the uppermost Barremian to the middle 
Aptian of the Organyà Basin located in the south-central 
Spanish Pyrenees. The δ13Corg profile has been calibrated with 
micro- and macrofossils [5] as well as with carbon isotope 
segments C1- C6 [3]. The high-resolution study of the El Pui 
section reveals that the pattern of the δ13Corg curve concurs 
with the global isotopic trend defined by the Tethyan model [3] 
and provides a higher temporal resolution of the influence of 
global events and superimposed local factors. 

The results provide an important contribution to the 
understanding of the changes in the global carbon reservoir 
and the influence of local factors in the latest Barremian - 
Early Aptian carbon isotopic profile used as a correlation tool. 
 
[1] Schlanger and Jenkyns (1976) Geol. Mijnbouw, 55, 179-
184, [2] Jenkyns (1980) Geol. Soc.London, 137, 171-188, [3] 
Menegatti et al (1998) Paleoceano. 13, 530-545. [4] Sanchez-
Hernandez & Maurrasse (in press) Chem. Geo. Xxx. [5] 
Sanchez et al (submitted 2014) Cretaceous Res.  
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Rio Tinto is considered a good geochemical terrestrial 
analogue of Mars as a consequence of its high content in iron 
(III), acid pH and the occurrence of certain mineral phases 
which are also found on Mars [1, 2]. The Iberian Pyrite Belt 
Subsurface Life (IPBSL) is a drilling project specifically 
designed to answer basic questions related with the subsurface 
geomicrobiology and geochemistry responsible of the extreme 
conditions detected in the Rio Tinto basin  

Here, we present a detailed mineralogical and geochemical 
study of two cores BH10 and BH11 of 
depths of 340 and 620 meters, respectively. Sediment samples 
from these cores were analyzed by scanning electron 
microscopy (SEM), energy dispersive X-ray (EDX), X–ray 
diffraction (XRD) and stable isotope mass spectroscopy. We 
have observed anomalies in the mineral composition and 
isotopic signal (C and S) of the sediments (BH10 and BH11, 
respectively) with depth. These results suggest that 
microorganisms control de geochemistry of certain types of 
sulfide and carbonate minerals present in Rio Tinto basin, such 
as pyrite, siderite, Fe-rich dolomite and ankerite. 

 This study provides potential biogeochemical-signatures 
that may be useful to test the Earth's surface and extraterrestrial 
habitats for the presence and the biomineralization activity of 
microbes. Our findings may help interpret the role of 
microorganisms in diagenetic processes resulting in sulfide and 
carbonate precipitation in natural systems. 
 
[1] Planet Space Sci 55, 370-381,2007; [2] Earth Planet Sci 
Lett 351, 13-26, 2012; 
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In biomineralization, it is well known that organisms use 
organic molecules to design minerals for specific functions, 
but can an organic molecule survive deposition, burial and 
millions of years of geological processes and still influence 
fluid-mineral behavior? We explored growth and dissolution of 
calcite during exposure to an acidic polysaccharide (PS) that 
was extracted from a 65 million year old chalk sample.  

We observed bulk calcite and freshly cleaved {10.4} 
surfaces during exposure to the extracted PS in a pure system 
and with seawater cations present. In bulk experiments, the 
ancient PS inhibits calcite growth, even at very low 
concentrations, namely μg/L, by adsorbing at terrace edges. 
Atomic force microscopy images demonstrate high affinity for 
step edges, where its presence results in increased step density 
and a dramatic change in morphology from ordered 
rhombohedral step advance to dendritic clusters (figure). The 
adsorption behaviour of the PS was independent of solution 
cation composition 

 
Figure: A {10.4} cleavage surface of calcite before and after 
exposure to a solution containing polysaccharide. 
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The gabbroic rocks recently collected at the 16.50ºN core 

complex from Mid Atlantic Ridge (MAR) indicate that the 
lower crust at this region is formed by scattered intrusions of 
chemically primitive gabbros (i.e. dunites and troctolites), 
associated with evolved gabbronorites and oxide-rich gabbros. 
A similar lower crustal composition cannot be reproduced with 
a process of fractional crystallization starting from a mantle-
derived melt. We performed a model to predict the relative 
amount of different gabbroic lithologies (i.e. dunites, 
troctolites, olivine gabbros, gabbros and oxide-gabbros). The 
model reproduces a multistage fractional crystallization 
process of a primitive MORB [Mg#=100*Mg/(Mg+Fe) ~72], 
from which at each step of differentiation (ΔMg# ~ 4) a 
precise amount of liquid is subtracted to produce the actual 
distribution of the basalts erupted on the sea floor. The model 
runs at variable erupted basalts/crystallized gabbros ratios (i.e. 
different degrees of eruptibility). Furthermore, the model takes 
into account the possibility that part of the initial melts is 
sequestrated into the crystal framework during postcumulus 
processes, following differentiation paths separate to those of 
the initial melt. At high eruptibility (basalts/gabbros ratios 
~8/2) and ~5 vol% of postcumulus melts evolving through 
melt-rock reaction process, the model produces the bimodal 
distribution seen at the MAR 16.50º N core complexes. In 
addition, the model can overall explain the compositional 
heterogeneity of the lower oceanic crust at MAR in terms of 
eruptibility vs. intercumulus processes. For instance, 
preponderance of primitive gabbros associated with evolved 
gabbros is expected at regions characterized by scattered 
injections intruded within mantle peridotites, such as Kane 
Megamullion [1]. The prevalence of moderately evolved 
gabbros and paucity of primitive rocks is expected in region of 
a thick crust at moderate melt supply, as for instance the 
Atlantis Massif [2]. 
 

[1] Dick HJB, Tivey MA, Tucholke BE (2008), Geochem 
Geophys Geosyst 9. Q05014. [2] Blackman DK, Ildefonse B, 
John BE et al (2011). J Geophys Res 116.  
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This study compares the fluid geochemical signatures 

between the hydrothermal areas of Bouillante and Soufrière, 
obtained from our geochemical data and numerous existing 
literature works. The thermal springs emerging from the 
Bouillante area can be divided into two groups following their 
salinity and chemistry:  

the first group is constituted of Na-HCO3 waters with low 
salinities (< 1 g/l) and emergence temperatures (< 40°C), 
which would be warmed in relatively superficial low 
temperature aquifers (< 80°C) by thermal conduction ; 

the second group is represented by Na-Cl waters, with 
salinities higher than 1 g/l and partially constituted of the deep 
geothermal fluid. This Na-Cl fluid which can be collected from 
the geothermal production wells has salinity close to 20 g/l and 
results from a mixing of 58% of seawater and 42% of 
freshwater reacting with volcanic rocks at temperatures close 
to 260°C.  

The fumaroles located in this area are associated with this 
geothermal fluid. According to the δD and δ18O values, their 
water steam would result from vaporization at 100°C of a 
mixing of this fluid with surface cold freshwater. The chemical 
composition of their non-condensable gases (preponderance of 
CO2, when the air contribution is low) is in agreement with this 
assumption. 

The thermal springs located around the Soufrière volcano 
discharge low salinity (< 2 g/l) waters with different chemical 
compositions and for which the chemical geothermometers 
indicate no deep temperature higher than 90°C. Most of these 
waters would be meteoric waters warmed by magmatic gas 
escapes from the volcano. The fumaroles located in this area 
discharge high flux of HCl-rich water vapor and low volumes 
of non-condensable gases (< 7%). These gases, mainly 
constituted of CO2 (60-90 vol.%) and H2S (31- 4 vol. %), have 
magmatic chemical and isotopic signatures much more marked 
than those of the Bouillante geothermal gases, less abundant 
and acid, of mixed origin. Indeed, for the first gases, 3He/4He 
ratio is 7.9 to 8.4 times higher than the atmospheric ratio and 
δ13C values range from -3.2 to -3.0‰, whereas for the second 
ones, 3He/4He ratio is 4.0 to 4.5 times higher than the 
atmospheric ratio and δ13C values are close to -2.6‰. 

 



 Goldschmidt2014 Abstracts  

 

2178 

2178 

Density of magmas at depth 
CHRYSTÈLE SANLOUP12 

1School of Physics and Astronomy and Centre for Science at 
Extreme Conditions, University of Edinburgh, UK; 
chrystele.sanloup@ed.ac.uk 

2Institut des Sciences de la Terre Paris, UPMC Paris06, France 
 

Silicate liquids play a key part at all stages of deep Earth 
evolution, ranging from magma ocean evolution billions of 
years ago to present-day volcanic activity. Quantitative models 
of these processes require knowledge of the structural changes 
and compression mechanisms that take place in liquid silicates 
at the high pressures and temperatures in the Earth’s interior. 
In particular, density measurements of silicate melts are much 
sought after because density is the primary factor controlling 
the evolution of magmas at depth. However, obtaining such 
knowledge has long been impeded by the challenging nature of 
the experiments. Different methods used to obtain the density 
of melts at high pressure will be presented, the angle chosen 
being that of in situ experiments using x-ray synchrotron 
radiation facilities. The choice of the method depends on the 
targeted pressure-temperature range, and on the composition of 
the magma; pros and cons of each method will be discussed. 

Density will be reported for both natural but complex 
compositions and for some simple end-member compositions, 
using large volume presses (10 GPa range) and diamond-anvil 
cells (100 GPa range). Density data be discussed in the light of 
coordination number changes with pressure for major elements 
(Si, Fe, Al) as tracked by in situ x-ray diffraction.  

Besides implications for early magma oceans, the results 
illustrate the importance of density traps in planetary interiors. 
Such melt layers, some evidenced today by geophysical 
observations, could prove more widespread than previously 
thought both in time and space and must have exerted a strong 
control on the structure, geochemistry and dynamics of 
planetary silicate mantles. 
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Previous super-high resolution analysis of cultivated giant 

clam shells showed a diurnal variation in the Sr/Ca ratio, 
which may reflect the daily light cycle [1]. To apply the 
analytical method to other biogenic carbonate skeleton, we 
adopted a Mediterranean mussel (Mytilus galloprovincialis) 
collected at the Otsuchi bay, on the Pacific coast of 
northeastern Japan. This bivalve was living at intertidal zone 
and colletected on September 6th 2011, that should have 
experienced a great tsunami induced by the 2011 magnitude 
9.0 Tohoku-Oki earthquake on March 11th.  

 Soft tissues were removed from mussel and the shell was 
cut along the maximum growth axis and mounted in Araldite 
disk together with a carbonate standard. This species is known 
to form a growth line with organic matter daily or bidaily at the 
air exposure time [2], which may facilitate age-model with 
tidal record by counting the etched-stained lines by “Mutvei’s 
solution”. After polishing and gold coated, we analyzed 
Mg/Ca, Sr/Ca and Ba/Ca ratios of the shell by low resolution 
(10-micron spot at 100-micron interval) and high resolution (2-
micron spot at 3-micron interval) using NanoSIMS [3]. 

Annual variations of Mg/Ca and Sr/Ca ratios, high in 
summer and low in winter, are clearly visible at low resolution. 
Mg/Ca ratios of the inner edge, corresponding to most recent 
date, show daily or bidaily cyclic changes at high resolution. 
High values are probably derived from the time of air exposure 
at low tide. Significant Mg/Ca variation, up to 10 times of 
normal tide, is found at the tsunami part. 

 
[1] Sano et al (2012) Nature Commun 40, 597-608. [2] LeGall 
(1970) C.r.hebd. Seanc Acad Sci Paris, D270, 509-511. [3] 
Sano et al (2005) Anal Sci 21, 1091-1097.  
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On the Earth, noble gases are present as rare elements and 

in most of the cases their concentration within samples is 
extremely low. Therefore their analysis requires a high 
detection efficiency which implies ultra high vacuum 
extraction and purification systems and mass spectrometers 
able to operate in static mode (i.e. with closed vacuum pumps). 
For several decades the evolution of noble gas mass 
spectrometry technology has been in stagnation and was 
dominated by single collector homemade mass spectrometers 
and few commercial available products. 

A breakthrough in the noble gases analysis arrived in 2005 
with the introduction of a new generation of mass 
spectrometers capable of higher sensitivity and simultaneous 
analysis of more than one isotope by multi-collectors systems. 
The potential of this new technology has already been 
highlighted in several works [1,2,3], but further studies are 
necessary to increase the performance of multi-collectors 
systems coupled with ultra vacuum mass spectrometers. Here 
we present new data from the Thermo Scientific TM HelixTM 
MC Plus, the ultimate high resolution multi-collector mass 
spectrometer capable of measuring up to five isotopes of neon, 
argon, krypton or xenon simultaneously. 

 
[1] Mark et al (2009) Geochem. Geophys. Geosyst.,	  10	  (2),	  1-‐
9.	  [2] Mark et al (2011) Geochim. Cosmochim. 75 (23), 7494-‐
7501. [3] Phillips and Matchan (2013) Geochim. Cosmochim. 
Acta, 121 (15), 229-239 
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Lots of efforts have been made through the years to the 

Vitoria-Trindade ridge studies. A certain amount of data in the 
literature is found but not complete enough to set up a 
geological setting. [1] suggest the opposite, that there is 
hotspot associated according to the geochemistry evidences to 
the Columbia seamount.  

On February 2011 was realised a rock dragging of 
Columbia, Dogaressa, Davis, Jaseur and Montague beyond a 
field work to Trindade and Martin Vaz. Over 140 samples for 
the studies and and 120 thin sections made besides 116 
litogeochemistry analyses.  

The seamounts petrological and litogeochemistry studies 
revealed the basanite as main rock for this seamount formation, 
where clinopyroxene and olivine beyond alteration were 
observed. For Martin Vaz contains basanite covering the 
pyroclastic rocks of the base and necks and dikes of fonolite.  

Lavas from seamounts, Trindade and Martin Vaz Islands 
are situated on mature (70 Ma) oceanic crust and form an 
alkaline volcanic suite that shows an evolution from parental 
basanites to derivative phonolites. The systematic variation in 
major and trace element concentrations observed between the 
basanites, and phonolites are interpreted to be the result of 
fractional crystallization. Incompatible element concentrations 
in comparison with published data from other regions along 
the Trindade hotspot track (Abrolhos, Poxoreu, Alto Paranaiba, 
Serra do Mar) shows that this track can be explained by a 
conventional plume model.  

 
[1] Fodor RV (2000) Geochemical evidence for the Trindade 
hotspot trace: Columbia seamount ankaramite. Lithos 51 
(2000), pp 293–304. 
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Rare earth elements (REE) have specific biogeochemical 
characteristics [1-3]. This study aims to evaluate the role of 
algae on REE behaviour. Considering the proposed objectives, 
water samples were collected in during dry and rainy seasons: 
upstream the Funil reservoir at Queluz; at the reservoir; and 
downstream the Funil Reservoir, at Itatiaia. REE 
concentrations were determined by ICP-MS. Results indicate 
high chlorophyll a concentration at Funil Reservoir during 
rainy season, suggesting the importance of microalgae on REE 
biogeochemistry. The sum of dissolved REE varied from 2.12 
to 12.22 µg.L-1. Positive anomaly of La at Queluz also suggests 
anthropic contamination. The observed patterns indicate that 
Funil Reservoir act as biogeochemical barrier, modifying the 
fluvial transport of REE. Nonetheless, another factor that 
might influence REE behaviour is algal bloom, which occurs 
during rainy season, which affect REE biogeochemistry 
through incorporation and release of REE.  
 
[1] GOLDSTEIN & JACOBSEN (1987) Chemical Geology, 
48, 245-272. [2] ELDERFIELD et al (1990) Geochimica 
Cosmochimica Acta, 54, 971-991. [3] XU & HAN (2009) 
Applied Geochemistry, 24, 1803-1816. 
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The processes of sulfate reduction and the subsequent 

replacement of gypsum by calcite may be observed in modern 
playa-lakes from central Spain, where gypsum and a variety of 
sulfates are associated with microbial mats. Concentration of 
Ca2+ and SO4

2- in the lake water are typical of gypsum 
saturated brines that occur in continental environments. 
Gypsum precipitation takes place upon and within the 
pigmented phototroph-dominated layers of the microbial mats. 
Below, in the black layer dominated by sulfate-reducing 
bacteria the sulfate minerals are extensively corroded. 
Microscale observations of this layer by conventional (SEM) 
and environmental scanning electron microscopy (ESEM), 
energy dispersive X-ray spectroscopy (EDS) and XRD, 
coupled with light microscopy give evidence of biofilm 
development on the gypsum surfaces with extensive etching 
restricted to the area under the attached microorganisms. As a 
result of this interaction, the colonized surfaces of the sulfates 
show distinctive pitting, with many etch pits forming in the 
shape of the rod-shaped microbes, accompanied by chipping 
and disaggregation features. In addition, calcite and celestite 
precipitation occurs on the organo-mineral matrix surrounding 
the etched zones of the sulfate minerals.  

The microbe-sulfates interactions in modern microbial 
mats provide insight into the replacement of solid sulfate by 
carbonates. This type of pseudomorphic carbonate after 
gypsum is widespread in ancient evaporitic rocks (Sanz-
Montero et al.[1]and [2])  
 
[1] Sanz-Montero et al (2006) Journal of Sedimentary 
Research 76, 1257-1266, [2] Sanz-Montero et al (2009) 
Sedimentary Geology 222, 138-148 
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Water is one of the most important molecules in the Solar 

System. It is vitally important for life, geologic processes, and 
human exploration of the Solar System. Determining the 
timing, provenance and timing of water delivery to the 
relatively dry inner Solar System is crucial to understand the 
volatile evolution of the terrestiral planets. Hydrogen isotopes 
(D/H) can be used as a source signature for water, because the 
D/H of planetary materials have a large variation. 

We used the mineral apatite in the basaltic meteorite group 
eucrites to determine the source of water for the eucrite parent 
body, presumed to be the asteroid 4-Vesta. The large radius ion 
microprobe at the Woods Hole Oceanographic Instution was 
used to measure D/H and water concentrations of apatite 
simultaneously. After minor corrections for hydrogen released 
from the sample surface, apatites displayed a wide range of 
water contents with little variation in hydrogen isotopic 
composition. The hydrogen isotopic ratio of nine measured 
apatites yielded a δD = -126 ±40 ‰. We adopt this value for 
bulk Vesta because there is little variation between apatites in 
different meteorites, fractional crystallization will not effect 
the D/H, and isotopic fractionation between apatite and melt 
should be less than analytical precision. Our bulk Vesta 
estimate is within error of the the accepted bulk Earth value 
and close to the estimated Moon value for D/H (1, 2).  

Combining D/H data with previously published nitrogen 
isotope data for Earth, Moon, and Vesta, it is evident that 
carbonacous chondrites are the most likely source of volatiles 
for these three bodies. The crystallization age of eucrites is 
~4565 Ma (3), and the Earth, Moon and Vesta have the same 
inferred source of water. We, therefore, conclude that volatiles 
were present in the inner Solar System at a very early stage, 
and that water was not delivered from a foreign source later 
during the accretion process. 

 
(1) A. E. Saal, et al Science 340, 1317 (2013). (2) F. Robert, 
Earth. Science 293, 1056 (2001). (3) A. Trinquier, et al 
Geochim. Cosmochim. 72, 5146 (2008). 
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In the frame of Bio Chemical Collectors (BCC) research 

project, the French Atomic Energy Commission (CEA) has 
developed a new on-line mass spectrometry technique to detect 
atmospheric fungal spores. This method has been successfully 
compared with traditional method from the National Network 
of Survey for Airborne contaminants (RNSA), showing a very 
good agreement with microscopy identification of 
Cladosporium events. On-line measurements using 
fluorescence technics have been also widely used over the 
world for the detection of bioaerosols and could, for some of 
them (WIBS-4A with statistical data process [1]), distinguish 
bacteria from fungal spores using fluorescence latex particles.  

To better understand all the processes involved in these 
real-time fluorescence technics it is necessary to compare them 
with on-line measurements of biological targets measured with 
on-line mass spectrometry. In this context, an intensive 
campaign (BIODETECT 2014) is taking place at the EU-FP7 
ACTIRS SIRTA supersite next to Paris in summer 2014, when 
fungal spores show their highest ambient concentrations. The 
objective of BIODETECT 2014 is to clearly understand what 
is really measurable by on-line fluorescence technics in an 
urban/suburban complex atmospheric environment inducing 
possible interferences in the bioaerosol fluorescence signal.  

 
This work is supported by the CBRN-E R&D research 

program from CEA/DAM.  
 
[1] Robinson et al (2013) AMT 6, 337-347 
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While typical ion-counting peak hopping methods using a 
single Daly detector or a single secondary electron multiplier 
(SEM) have proven very effective in analyzing small Pb 
samples by TIMS, the measurements often require long 
acquistion times, typically of several hours. Here we evaluate 
static multi collector determination of isotope ratios of Pb 
samples ranging between 100 to 1 pg using Faraday detection 
systems equipped with 1012 Ω feedback resistors in the current 
amplifier system and a multiple ion counting system installed 
in a Triton Plus TIMS at the U of A. 

Faraday cup measurements using 1012 Ω amplifiers require 
precise measurement of long baselines for optimal 
repeatability (defined as internal precision or the precision of a 
single run) and intermediate precision (defined as the closeness 
of the replicated measurements over an extended period of 
time) of pg size Pb samples. In our system, using a 20 min 
baseline before and after the measurement, we achieved a 
repeatability of 0.02-0.03% (2SE) and an intermediate 
precision of 0.05% (2SD) on 207Pb/206Pb 208Pb/206Pb in as little 
as 1 hour for samples containing between 80 and 10 pg Pb, 
which is equivalent to the performance obtained from 4-5 hour 
long single SEM peak hopping analyses of larger sized (10.0-
0.5 ng) samples. 

The main uncertainty in MIC detection mode is the relative 
instability of the detector yields, which is 0.1-0.3% (2SD; 
following a 1 hour detector stabilization period). Using a 
correction from an average yield value measured before and 
after sample analysis, we achieved a repeatability of 0.03%-
0.06% (2SE) and an intermediate precision of 0.18%-0.23% 
(2SD) on 207Pb/206Pb for 80 to 10 pg loads. For sample sizes 
between 10 and 1 pg, which were only measured in MIC mode 
as the 204Pb intensity is below detection limit in Faraday mode, 
repeatability and internal precisons are 5-10 times worse than 
larger samples measured in MIC mode. 

A Faraday array equipped with 1012 Ω amplifiers performs 
very well for sample size down to 10 pg, producing data that is 
4-5 times better than MIC. In contrast, the MIC system offers 
considerable promise for tracer Pb work in the sub 10 pg Pb 
analyte range where data with few % level of accuracy and 
precision are useful. 
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Mn-oxidizing microbiological activity, which is a primary 

pathway for the generation of Mn oxides in most of the natural 
environment, provides potential to fabricate new materials 
from geomimetics. A Mn(II)-oxidizing fungus, 
Paraconiothyrium sp. WL-2, which was isolated from a 
constructed wetland in Hokkaido, Japan, was found to possess 
high tolerance for fungal growth as well as ability to oxidize 
more than 400 mg/L Mn2+ ions. Through enzymatic Mn 
oxidation, biogenic birnessite (BB) was produced under 
environmentally moderate conditions, which can be used as an 
ideal material for eco- and cost-effective synthesis of bio-
templated nanocrystalline spinel type of Li4Mn5O12 (LMO) on 
the fungal hyphae by a solid-state reaction for Li+ recovery. 
Compared with abiotic birnessites, the poorly crystalline BB 
facilitates the formation of well crystalline LMO at a relatively 
lower temperature. Moreover, LMOs prepared from BB 
showed greater performance of Li+ recovery compared with 
abiotic ones. It is emphasized that the morphologies of 
microtubes derived from fungal hyphae were maintained even 
after calcination and acid-washing, that calcination 
temperature affected the crystalography, the morphology, as 
well as the chemical compositions including average oxidation 
states of Mn of the product, and that all of these factors 
contributed to the adsorption capacity of Li+ ions in HMOs. 
The sorption capacity of Li+ was maintained after at least five 
times of repeating adsorption and desorption.  
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In Toyama Prefecture, high temperature hot springs exist 

in the eastern part. On the basis of chemical and isotopic (D 
and 18O) compositions, the hot spring waters in eastern part of 
Toyama Prefecture, central Japan can be divided into two 
groups; low and high salinities. Hot spring waters of the low 
salinity group are of meteoric origin and of Ca-HCO3 type. 
Those of the high salinity group are a Na-Cl type and are 
inferred to be a mixture of sea water and meteoric water with 
oxygen isotope shift. The latter group is also characterized by 
high δD values of ca. -20 ‰ and Cl concentrations of ca. 6,000 
mg/L and the reservoir may be geopressured. In the study area, 
the Na/K and SiO2 geothermometer temperatures are estimated 
to be between 100 to 200 ℃ and show high geothermal 
potentials. Satellite imagery was used to estimate the capacity 
of geothermal resources. The surface high-temperature 
anomalies were observed near the existing hot springs and also 
in a previously unknown high-temperature area. These 
anomalies indicate the emissions of gas or high-temperature 
fluid and the related alteration zone of geothermal systems. 
Using the estimated underground temperature and the volume 
of the geothermal reservoir, the stored heat capacity of 
geothermal resources in the study area is estimated to be 
300MW. 
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The strontium isotope evolution of seawater through time 
can be used to infer the balance between mantle and 
continental inputs into the oceans throughout Earth history. 
Knowing this balance can aid in deciphering continental 
growth and global weathering rates. Given preservation issues 
and secondary alteration of Archean (>2.5 Ga) rocks, the 
strontium isotope composition of seawater during this time is 
poorly understood. To better constrain this, we report initial 
87Sr/86Sr ratios on Archean (3.2 Ga) barite from the Fig Tree 
Group (in Barite Valley), in the Barberton Greenstone Belt 
(BGB), South Africa. The studied barite has low 87Rb/86Sr 
ratios (<0.00038) which implies that the correction for in situ 
radiogenic growth of 87Sr is small. Initial 87Sr/86Sr ratios range 
from 0.70122 – 0.70139, which are higher than the 87Sr/86Sr 
ratio (~0.70062) of the mantle buffered seawater Sr isotope 
composition at this time. The initial 87Sr/86Sr ratios are 
considered primary and not likely altered given the low 
metamorphic grade of the BGB and the high Sr concentration 
in the barite (>2100 ppm). Previous work on barite from the 
Barite Valley has identified that the barite is a diagenetic, 
marine type [1]. Modern diagenetic barite has a wide range of 
Sr isotope ratios, which can vary from seawater due to 
influence from local sources [2]. The rocks underlying the 
barite are ultramafic with low 87Sr/86Sr ratios precluding these 
from being the source of the radiogenic Sr. Thus, the high 
87Sr/86Sr ratios of the barite studied here may reflect a mixture 
of hydrothermal Sr with a low 87Sr/86Sr ratio and seawater Sr 
with a high 87Sr/86Sr ratio derived from weathering of 
continental crust. Modeling has suggested that continental 
weathering was negligible prior to 3.0 Ga [3], however, the 
data reported here suggests that continental input may have 
been a significant component of seawater 200 m.y. earlier than 
previously reported.  

 
[1] Bao et al (2007) Geochimica et Cosmochimica Acta 71, 
4868-4879. [2] Griffith, E.M. and Paytan, A. (2012) 
Sedimentaology 59, 1817-1835. [3] Shields, G.A. (2007) 
eEarth 2, 35-42. 
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Technetium (Tc-99) is by-product of nuclear fission 

processes and has a relatively long half-life (t1/2=212,000 
years). Tc-99 is highly soluble and mobile in groundwater and 
is most often remediated through groundwater pump and treat 
systems. Complex interactions within the subsurface made 
clean-up efforts for Tc-99 challenging. The purpose of this 
work is to identify the chemical and biological reactions that 
occur and potentially influence the mobility of this isotope in 
the subsurface. In the environment a variety of bacteria play a 
role in reducing contaminants, such as Tc-99, to less soluble 
forms; however, little is understood regarding Tc-99 fate and 
transport in the subsurface. More importantly, it is difficult to 
predict or estimate the interactions and consequent impact of 
the complex, mixed microbial communities found in the 
environment. We have set up controlled batch bioreactor 
experiments to examine each specific organism’s ability to 
reduce Tc-99 to less soluble forms. Specifically, known metal 
reducing bacteria, including Cellulomonas sp. strain ES6, 
Anaeromyxobacter dehalogenans strain CP-C, Geobacter 
sulfurrreducens strain PAC, Geobacter daltonii strain FRC-32, 
and Shewanella oneidensis strain MR1 are being evaluated for 
their ability to reduce Tc-99. Data collected from the 
experiments will allow for (a) a better understanding of the 
mobility of Tc-99 in the subsurface, (b)better predictions of 
contaminant fate and transport over time, and (c) the 
development of long term remediation strategies for Tc-99. 
Additionally, information collected will be used to develop a 
systems-based metabolic model with predictive capabilities; 
the model will be based on molecular method for detection of 
bacterial species variations in the Tc-99 contaminated 
groundwater. 
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Introduction 

The hummocky unit at Gale crater is characterized by 
abundant gravel (small pebbles of various shapes, sizes and 
color) with igneous float rocks and conglomerates, which 
appear to comprise the bedrock in this region [1]. ChemCam 
Remote Micro Imager (RMI) and Laser Induced Breakdown 
Spectroscopy (LIBS) offer the first opportunity to assess 
mineralogical diversity at grain-size scales (∼100µm) and, 
from this, lithological diversity [2]. 
Results 

Feldspar appears to be a principal mineral in almost all of 
the studied rocks and ChemCam provides the first in-situ 
evidence of coarse-grained (possibly intrusive) magmatic rocks 
as well as porphyritic lava containing feldspar phenocrysts. 
Feldspars range in composition from oligoclase to bytownite in 
coarse soils, pebbles in conglomerate and coarse intrusive 
floats. In evolved alkali rocks such as Jake-Matijevic, 
plagioclases have an andesine composition. Finally in light-
toned materials, showing either pumice or granular texture, 
major and trace elements (i.e., Ba and Rb) clearly point to the 
existence of feldspars with a significant K-rich orthoclase 
component. Furthermore, low molar Al/Si ratios (<0.33) 
indicate the presence of excess silica, providing evidence for a 
silica-saturated subalkaline trend that contrasts with under-
saturated rocks such as Jake-M. We note that feldspar-rich 
lithologies have been described recently for the first time as 
noritic and monzonitic clasts in the Noachian martian 
meteorite breccias NWA 7034/7533 [3,4]. 
Conclusion 

Overall, the ChemCam in-situ data from Gale provide 
unprecedented insights into the diversity of igneous rocks at 
the surface of Mars. The abundance of feldspar-rich lithologies 
is thus one of the most striking magmatic features encountered 
so far at Gale crater. From these MSL data, it appears likely 
that both subalkaline and alkaline feldspar-bearing rocks are 
present as ejecta and alluvial fan detritus in Gale landing site, 
potentially representative of primitive material from the region 
surrounding Gale.  
 
[1] William et al (2013) Science 340, 1068-1072 [2] Sautter et 
al (2014) JGR-Planets, 119, 1-17 [3] Agee et al (2013) Science 
339, 780-785 [14] Humayun et al 2013 Nature, 
doi :10.1038/nature 12764. 
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The lithospheric mantle is rarely “pristine”; instead, 
chemical heterogeneities on a variety of scales are inferred to 
be a result of multiple melt depletion, refertilisation and 
metasomatic events [1]. Identifying such events is critical to 
constraining the initial composition and evolution of this 
important geochemical reservoir.  

Mantle sulphides are particularly susceptible to 
modification, significantly altering chalcophile element and 
isotope compositions, such as the platinum group elements and 
Re-Os isotopes [2]. Copper is strongly chalcophile and its 
isotopes are readily fractionated by secondary processes [3], 
making Cu a potential proxy for both sulphide alteration and 
fluid source. Here we present Cu isotope analyses of peridotite 
xenolith samples taken from Kilbourne Hole, USA, which 
show significant variability (δ65Cu = –0.40 to +1.10‰ [4]). 
Such large variations are outside the “igneous” range, defined 
by komatiites, basalts and orogenic lherzolites (δ65Cu = –0.07 
to +0.16‰; [5]), and are unlikely to represent primitive mantle 
heterogeneity. In particular, the source of extreme heavy Cu 
isotope enrichment in some xenoliths can be linked to 
metasomatism involving a LREE-enriched fluid, possibly 
sourced from the subducted Farralon Plate [6].  

We also see strong evidence that partial melting 
fractionates Cu isotopes: the isotopically lightest xenoliths 
(δ65Cu = –0.40 to –0.20‰) are the most melt-depleted and also 
have the most unradiogenic 187Os/188Os. Thus, xenoliths in this 
suite with “basaltic” δ65Cu imply refertilisation of the depleted 
material by an asthenosphere-derived melt. 

Our data indicate that, in terms of Cu isotopes, the 
lithospheric mantle is highly heterogeneous and could be 
isotopically distinct from the primitive mantle. 

 
[1] O’Reilly and Griffin (2012), in Metasomatism and the 
Cheimcal Transformation of Rock, 471-533 [2] Harvey et al 
(2011), GCA 75, 5574-5596 [3] Albarede (2004), RiMG 55, 
409-427 [4] δ65Cu = [(65Cu/63Cusample)/(65Cu/63CuSRM976) – 1] × 
103; [5] Savage et al (2013), Min Mag 77, 2142 [6] Harvey et 
al (2012) J.Pet 53, 1709-1742.  
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It was shown that calcium lixiviation from the solid phase 

at the interaction between terrigenic pyroclastic and seawater is 
carried out. However this process cannot compensate the 
deficiency of calcium following from balance of carbon in the 
ocean. One more source of dissolved calcium in the ocean 
maybe terrigenic sedimentary material which immobilized CO2 
as a result of silicates carbonatization at stage of diagenesis in 
conditions of high carbonate alkalinity of pore waters. 

The interaction between terrigenic material and pore waters 
of marine and ocean deposits in a range of carbonate alkalinity 
from 8.4 to 30.2 meq/l at the absence of supersaturation on 
CaCO3 is experimentally studied for check of this hypothesis. 
Samples used in experiments are the oxidized lake mud and 
rock-forming silicates with high calcium content (9.65 and 
10.68% in labradorite and hornblende, respectively). 

Experimental results have shown, that calcium lixiviation 
intensity does not depend on the saturation degree of solutions 
on CaCO3. 

It is established that the interaction with seawater causes 
mobilization about 2.3 mg Ca2+ from 1 g of terrigenic deposit 
that is equivalent to passing into solution of 37 million ton Ca 
per year in recalculation on the total mass of solid matter 
continental runoff which equal, according to last assessments, 
16 billion ton per year. This value should be considered as 
obviously underestimated because advance of the reaction 
front in solid phase occurs extremely slowly and superficial 
layers of grains have time to react only at the compelled small 
duration of the experiments. The assessment of input of 
dissolved calcium into the ocean due to its release from 
terrigenic sedimentary material in view of natural observation 
results on halmyrolysis speed of rocks with low content of 
iron (II) should be increased at least up to 250–440 million ton 
Ca per year. These values in 3–5 times exceed quantity of 
calcium which passes in the dissolved forms as a result of 
silicate rocks weathering on a land (83 million ton per year). 
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Plant biomarkers, such as leaf waxes and terpenoids, and 

their carbon and hydrogen isotopes, are important tools to 
quantitatively reconstruct paleovegetation and paleoclimate. 
However, the fate of these compounds in the geosphere is 
uncertain. We know that biomarkers are altered and degraded 
during organic matter diagenesis and many degradation 
pathways have been mapped out. However, recent geologic 
studies suggest preferential loss of certain terpenoid 
compounds over others, confounding interpretations.  

To investigate the role of selective alteration and 
degradation of these biomarkers, we use hydrous pyrolysis to 
artificially mature specimens. We treated Acer rubrum, Pinus 
sylvestris, Platanus occidentalis and Taxodium distichum at 
temperatures ranging from 150 to 330°C for 72 hours. The 
pyrolysates were solvent extracted, saponified, purified, 
derivatized, and analyzed by GC-MS. 

Our preliminary results indicate that leaf wax (n-alkane, n-
alcohols, and n-alkanoic acids) and di- and triterpenoid 
concentrations generally decrease with increasing 
temperatures, with the exception of degradation products. 
Interestingly, we observe that triterpenoid compounds are 
nearly absent by 250°C as compared to diterpenoids that 
persist to higher temperatures (330°C).  

These preliminary results have important consequences for 
interpreting biomarker concentrations as paleovegetation 
proxies. Future studies will examine isotope fractionation 
during alteration to confirm geologic studies.  
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Black carbon (BC) is a distinct type of carbonaceous 
aerosol particle, product of combustion of fossil and biomass 
fuels. Upon emission into the atmosphere, BC internally 
mixes with other compounds. Internal mixing of BC with 
other material alters its aggregate shape, absorption and 
scattering of solar radiation, and radiative forcing. These 
mixing state effects are not yet fully understood and 
characterized. 

Laboratory and field studies have identified a strong 
variability in the observed absorption efficiencies of 
internally mixed BC. Additionally, there is a discrepancy 
between modeled and measured values using simplified 
modeling approaches. 

This talk will investigate the central role of 
parameterization of light interaction by BC particles in the 
assessment of its radiative forcing, and present a sensitivity 
study of the effect of aggregate morphology and mixing state 
on optical properties of bare and internally mixed BC with 
mineral dust, ammonium sulfate and sodium chloride.  

Optical properties are computed using a Discrete Dipole 
Approximation model in accordance with the BC 
morphology and mixing characteristics presented in the 
literature and from field campaigns and laboratory studies. The 
results of this work are relevant for several applications in 
atmospheric science, including but not limited to, radiative 
transfer calculations, regional an d global climate modeling 
and, the interpretation of remote sensing measurements. 
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The Earth’s present day atmosphere is the product of 

secondary outgassing of accreted volatiles and impact 
degassing of planetesimals. The Earth can be modeled as a 
mixture of primitive materials, such as carbonaceous (C), 
ordinary (O), or enstatite (E) chondrites. In previous work, we 
calculated the composition of the outgassed atmospheres of 
large planetesimals and the early Earth [1,2] and the impact-
degassed atmospheres [3] of these primitive materials. We 
found that outgassing of O-chondrites produces a reducing 
atmosphere rich in CH4 (see Fig. 1) [1,2]. In contrast, impact 
degassing of C-chondrites produces oxidized, water- & CO2-
rich atmospheres, whereas impact degassing of O- & E-
chondrites produced H2-rich atmospheres with large amounts 
of CO and water vapor [3]. Here, we will further explore the 
oxidation states of these atmospheres. We will explore the 
effect of a range of temperatures and pressures on the results.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Outgassed atmosphere from an Earth-like planet 
composed of ordinary chondritic material. From [4] 
 
[1] Schaefer, L. and Fegley, B., Jr. (2005) BAAS, 37, 67. [2] 
Schaefer, L. and Fegley, B., Jr. (2007). Icarus, 186, 462-483. 
[3] Schaefer, L. and Fegley, B. Jr. (2010) Icarus, 208, 438-448. 
[4] Fegley, B., Jr., and L. Schaefer, L. (2013) Treatise on 
Geochemistry, 2nd ed, Ch. 6.3. 
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Himalayan sediment transported down the major rivers of 

Asia is deposited in low-lying basins and deltas where arsenic 
partitions from the solid to aqueous phase, contaminating vast 
groundwater resources in South and Southeast Asia and 
ultimately exposing millions of individuals to unsafe levels of 
As. Reductive dissolution of As-bearing iron oxides controls 
aquifer As concentrations in sediments, where Fe and As 
reduction and solubilization is dependent on the availability of 
a suitable source of organic carbon (OC).  

Despite the critical role of OC in mobilizing As, it has 
been poorly characterized in Southeast Asian sediments. We 
compared the abundance and chemical state of OC at three 
sites representative of the Mekong Delta (uncultivated seasonal 
wetlands, cultivated wetlands, and permanent lakes) by 
performing bulk C (1s) near-edge x-ray absorption fine 
structure (NEXAFS) spectroscopic measurements to compare 
the bulk C chemical composition of sediment profiles at each 
site. Permanganate oxidizable carbon (POXC) measurements 
suggest that microbially oxidizable C is concentrated in the top 
50-100 cm, even when normalized by bulk C content. These 
results indicate that C available for microbial use is 
concentrated in the near-surface.  

To assess the impact of aeration duration on chemical 
composition and bulk abundance of C, CO2 flux and soil 
moisture measurements were taken at each site. Our results 
demonstrate that periods of sub-saturation allow more O2 
diffusion into sediment, oxidizing thermodynamically more 
stable C and increasing C oxidation kinetics compared to 
alternative electron acceptors (e.g. Fe(III)). This process leads 
to a decrease in both sedimentary C storage and As liberation. 
Conversely, sustained saturated (anoxic) conditions increase 
As mobilization when relatively more C oxidation is coupled 
to Fe(III) reduction. Redox oscillations in seasonally saturated 
sediments also lead to physical protection of organic matter 
through stabilization during cycles of Fe-oxide 
recrystallization, a process which we explore in these 
seasonally saturated wetlands.  

Overall, the results of this study illustrate the importance 
of understanding the controls on microbial carbon availability 
in arsenic mobilization in seasonal wetlands and water-
saturated sediments. 
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Zircon in a magmatic liquid is crystallizing over timespans 

of 10'000's to 100'000's of years, during the period the 
magmatic system stayed saturated for this mineral. Using high-
precision CA-ID-TIMS U-Pb techniques we may be able to 
resolve this crystallization history of zircon in the magmatic 
liquid. Using ICP-MS analysis of trace elements from the same 
volume of dated zircon, we may directly relate high-precision 
age with chemical composition. This allows us to (i) trace the 
change in co-precipitating modal composition, and (ii) 
calculate the changes of the residual liquid in equilibrium with 
the dated zircon over the 104 to 105 years this liquid stayed 
saturated in zircon. 

Furthermore, we may like to correlate the zircon age with 
the relative crystallization sequence of the major minerals. 
With precisions of ± 30 ka for 206Pb/238U dates of zircon in 
dioritic to tonalitic rocks of the 43 Ma old southern Adamello 
batholith (N. Italy) we have the potential to determine the U-
Pb ages of zircon sequentially crystallizing together with 
amphibole, plagioclase and quartz. Chemically well 
characterized and imaged zircon is hereby directly extracted 
from thin sections and analyzed for its high-precision U-Pb age 
and trace element composition. 

These results can be tested and complemented by analysis 
of trace and rare earth element distributions of coexisting 
titanite and apatite, that allow estimation of modal composition 
and modelling of melt compositions in equilibrium, based on a 
compilation of previously published KD values and partly using 
a Monte-Carlo approach. By using accessory mineral 
compositions to calculate the chemical composition of 
coexisting melt during crystallization, we avoid including 
crystal cargo into chemical analysis as this is the case with 
whole-rock analysis. 
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Introduction 

The precipitation of minerals from aqueous solutions is 
usually considered to conform to the principles of classical 
nucleation theory (CNT) [1]. However, it has been shown re-
cently that many systems do not follow the pathways predicted 
by CNT [2]. As the character of chemical interaction in iron 
oxides is intermediate between covalent and ionic, it represents 
an interesting and important system for extending our 
understanding of the mechanisms of mineral nucleation.  
Analyses of precursors and intermediates during the 
formation of iron oxides 

Hydrolysis of aqueous iron(III)-solutions occurs already at 
very low pH-levels. To gain insight into the precipitation 
process it is necessary to make the different stages of the reac-
tion accessible to analytical methods. This includes highly 
dynamic and very small species. A titration setup was used to 
guarantuee controlled and homogeneous nucleation [3], enab-
ling the systematic examination of the process by increasing 
the ion concentrations slowly and continously. The develop-
ment of composition and chemical and physical properties of 
the solution are traced in situ by continous measurements of 
pH-values and ion concentrations, light scattering and UV-Vis 
spectroscopy. Additional information is obtained by taking 
samples and examing them with ex situ (cryogenic-) electron 
microscopy, analytical ultracentrifugation, dynamic light scat-
tering, particle tracking microscopy etc. The application of 
multiple analytical methods provides complementary data, 
yielding global information on the system.  
Results 

The results of this study suggest that the hydrolysis of 
iron(III) leads to a multistep process starting with a polymeri-
zation-like reaction in which polynuclear species of iron(oxo)-
hydroxides are formed. Further growth into larger particles 
occurs through aggregation of these precursors which might be 
triggered by a nanoscopic phase seperation event and thus, the 
development of interfaces.  
 
[1] Becker, Döring (1935) Ann. Phys. 24, 719–752. [2] 
Gebauer, Kellermeier, Gale, Bergström, Cölfen (2014) Chem. 
Soc. Rev. [3] Gebauer, Völkel, Cölfen (2008) Science 322, 
1819-1822 
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Introduction 

Discharge of contaminated ground water may serve as a 
primary and on-going source of contamination to surface 
water. The degree to which inorganic contaminants may 
accumulate in sediments or transport unhindered into the 
overlying surface water will be governed by the rate and 
magnitude of contaminant flux, the aqueous geochemistry 
within the ground-water/surfacewater interface, and the 
adsorptive properties of existing or newly-formed solid phases 
within the sediment layer. A field investigation was conducted 
at a Superfund site in Massachusetts, USA to define the locus 
of contaminant flux and support source identification for 
arsenic contamination in a pond abutting a closed landfill.. 
Discussion of Results 

Subsurface hydrology and ground-water chemistry were 
evaluated in the aquifer between the landfill and the pond 
employing a network of wells to delineate the spatial and 
temporal variability in subsurface conditions. These 
observations were compared with concurrent measures of 
ground-water seepage and surface water chemistry within a 
shallow cove that had a historical record of hydrous ferric 
oxide precipitation along with elevated arsenic concentrations 
in shallow sediments. Barium, derived from materials disposed 
in the landfill, served as an indicator of leachate-impacted 
ground water discharging into the cove. Comparison of the 
spatial distribution of chemical signatures at depth within the 
water column demonstrated that direct discharge of leachate-
impacted ground water was the source of highest arsenic 
concentrations observed within the cove water column and 
sediment material. Arsenic phases in the sediments varied with 
depth as influenced by redox conditions. These observations 
demonstrate that restoration of the impacted surface water 
body will necessitate control of leachate-impacted ground 
water that continues to discharge into the cove. 

 
[1] Ford et al (2011) Chemosphere 85, 1525-1537. 
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Introduction 

Silver nanoparticles (AgNPs) are commonly used in 
consumer products and pose a risk of release to the 
environment. The purpose of this research was to assess the 
chemical transformation of AgNPs in aged, fresh, and 
incinerated biosolids and composted municipal solid waste in 
order to provide information for AgNP life cycle analyses. 
Discussion of Results 

In the biosolids system [1], silver nanoparticles were 
introduced to the influent of a pilotscale wastewater (WW) 
treatment system consisting of a primary clarifier (PC), 
aeration basin, and secondary clarifier. The partitioning of the 
AgNPs between the aqueous and solid phases in the system 
was monitored. The speciation results show that AgNPs are 
converted to Ag-sulfur (as sulfide and sulfhydryl) species in 
fresh and aged biosolids, which is in agreement with other 
studies on AgNPs in biosolids. Results from linear 
combination fitting of the X-ray absorption spectroscopy 
(XAS) data for incinerated biosolids show that a significant 
proportion of the spiked silver (30-50%) is converted to 
elemental Ag in the incineration process. 

The compost study [2] evaluated the impact of 
polyvinylpyrrolidone (PVP) coated silver nanoparticles (PVP-
AgNPs) on the composting of municipal solid waste. The 
results suggest that there was no statistically significant 
difference in the leachate, gas, and solid quality parameters 
and overall composting performance between the treatments 
containing the AgNPs, Ag+, and negative control. The data also 
indicate that while the surface transformation of AgNPs to 
AgCl and Ag2S can reduce the toxicity, complexation with 
organic matter may also play a major role. The results of this 
study further suggest that at relatively low concentrations, the 
organically rich waste management systems’ functionality may 
not be influenced by the presence of AgNPs. 

 
[1] Impellitteri et al (2013) Water Res. 47, 3878-3886. [2] 
Gitipour et al (2013) Environ Sci Technol. 47, 14385-14393. 
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Modern tropical savannah grasslands are dominated by 

grasses using the C4 photosynthetic pathway. The Mio-
/Pliocene expansion of C4 grasses in tropical savannahs, 
however, remains enigmatic since regional differences in 
timing rule out a common forcing by atmospheric CO2 levels. 
Other environmental factors have been suggested as potential 
driving factors but conclusive evidence is missing. Here, we 
present organic-geochemical and palynological data from ODP 
cores offshore southwestern (SW) Africa recording the 
regionally integrated history of SW African drylands by wind-
blown terrigenous signals. Organic proxy parameters for ocean 
temperatures were analysed in parallel to document the 
evolution of the Benguela upwelling system and unravel land-
ocean climate linkages. Surface and subsurface ocean 
temperature estimates indicate an upwelling intensification 
from 10 million years (Ma) onward triggered by Antarctic ice-
sheet expansion and intensification of Southern Hemisphere 
southeasterly trade winds [1]. An increased summer drought in 
southernmost SW Africa led to the disappearance of 
Afromontane forests and development of semi-arid succulent 
vegetation in the Cape flora [2]. From 8 Ma onward, tropical 
grass savannah expanded in the Kalahari [3]. Compound-
specific stable carbon analyses of plant waxes indicate a 
dominance by C3 plants [3]. Hydrogen isotope analyses reveal 
concurrent large-scale aridification and an inferred shift from 
Atlantic to Indian Ocean moisture sources at around 7 Ma [4]. 
At this time, elevated contents of micro-charcoal in the 
sediments indicate increased fire occurrence and first 
expansion of C4 grasslands [3]. The intensified fire regime 
ended around 6 Ma when the coastal desert expanded [3]. The 
C4 plant fraction in the vegetation, however, continued to 
increase upon further aridification [3]. We infer a crucial 
sequence of events from aridification leading to initial grass 
expansion and increased fire disturbance as ultimate trigger for 
establishment of the modern C4 dominated grass savannah in 
SW Africa.  

 
[1] Rommerskirchen et al (2011) Paleoceanography 26, 
PA3216. [2] Dupont et al (2011) J. Biogeogr. 38, 1059-1068. 
[3] Hoetzel et al (2013) Nature Geoscience 6, 1027-1013. [4] 
Dupont et al (2013) EPSL 375, 408-417.  
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The utility of Lu-Hf as a geochronometer for meteorites 
has been called into question by the fact that it often yields 
dates that are up to 300 Myr older than the age of the Solar 
System when using a 176Lu decay constant of (1.867 ± 0.011) × 
10-11 yr-1 [1-3]. The latter value was determined by comparing 
the Lu-Hf and U-Pb ages of nine well-characterized terrestrial 
samples, and it is supported by some internal isochrons of 
meteorites and CAI [e.g., 4, 5]. The spuriously old Lu-Hf ages 
are broadly reproducible among different laboratories, 
precluding analytical problems such as improperly calibrated 
spikes as a cause. A 176Yb decay branch of 176Lu could 
potentially produce erroneously high ages in the oldest 
samples, but this has been ruled out by calculation [1] and 
experiment [6]. An interesting set of hypotheses have focused 
on the conversion of 176Lu (t1/2 = 37 Gyr) to its short-lived 
isomer (t1/2 = 3.7 hr) via irradiation by gamma- [7] or cosmic 
rays [8]. This process could potentially rotate Lu-Hf isochrons 
to steeper slopes (thus older ages) without changing the initial 
176Hf/177Hf. Irradiation hypotheses can in principle be tested by 
searching for 176Lu depletion, i.e., comparing the 176Lu/175Lu of 
samples that are “too old” with that of other samples. An initial 
study [9] found no variation at the 0.1% level among 
chrondrites, CAI, eucrites, Martian meteorites, lunar samples, 
and terrestrial rocks. Recent analytical advances [10] have 
improved analytical resolution to 0.1 permil, but still no 
variations in 176Lu/175Lu have been found [11]. Thus there is no 
positive evidence of 176Lu depletion via irradiation and the 
cause of the erroneous Lu-Hf dates remains unclear. We are 
currently investigating the effects of other kinds of 
disturbance, such as weathering, on the slopes and intercepts of 
Lu-Hf isochrons.  
 
[1] Scherer et al (2001) Science 293, 683-687. [2] Scherer et al 
(2003) MAPS 38 (7) suppl. A136. [3] Söderlund et al EPSL 
219, 311-324 [4] Amelin (2005) Science 310, 839-841. [5] 
Bouvier & Boyet (2013) Min Mag 77, 754. [6] Amelin & 
Davis (2005) GCA 69, 465-473. [7] Albarède et al (2006) GCA 
70, 1261-1270. [8] Thrane et al (2010) Astrophys J 717, 861-
867. [9] Scherer et al (2005) Geophys. Res. Abstr. 7, 10486. 
[10] Wimpenny et al (2013) Anal Chem 85, 11258-11264. [11] 
Wimpenny et al (2013) MAPS 48, suppl. 1, A373. 
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In anoxic sediments, inorganic mercury can be transformed 

into methyl mercury, primarily by sulfate reducing bacteria. 
Capping and in-situ treatment, typically by treating the 
sediments or cap with sand or sorbing amendments, are 
discussed as an in-situ management strategy for the 
containment of mercury contaminated sediment. Recent 
research has shown that mercury methylation might increase or 
decrease under sediment caps in response to increasing anoxic 
conditions depending on the local geochemistry. It has also 
suggested that in-situ capping may accelerate methylation, at 
least at the initial stage, in a high organic environment while 
the effect is less dramatic in a low organic environment. A 
thorough understanding of all of these processes is essential to 
implementing an effective risk management strategy for 
contaminated sediments. 

In this study, the ability of amendments to increase the 
effectiveness of conventional sand capping and in-situ 
treatment was evaluated for mercury contaminated sediments 
with different organic carbon levels. Proposed amendments are 
designed to enhance the binding of mercury to the solid phase 
or to encourage the formation of nonreactive Hg complexes. 

First, baseline sediment batch slurry and mesocosm 
experiments with unamended sediments with different 
characteristics were performed to evaluate net mercury release 
and net methyl mercury production and identify key 
controlling factors.  

Lab experiments and a pilot scale field study were 
performed to evaluate amendments including sorbents to 
reduce the amount of bioavailable mercury and chemical 
additives to control redox chemistry or interfere with the 
production of methyl mercury. Sorbents tested including 
activated carbon, biochars, organophilic clays while chemicals 
considered included FeS to help control redox conditions away 
from conditions that tend to maximize methyl mercury 
production. The performance of each of the tested materials in 
controlling mercury availability, redox conditions and net 
methylation will be presented.  
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The only place on Earth where climate conditions and 

sedimentation processes are remotely comparable to those on 
Mars are the high elevation regions of the McMurdo Dry 
Valleys, Antarctica [1]. In particular, central Beacon Valley 
preserves a pristine landscape where potentially little has 
changed over the last few million of years. The most 
prominent feature found in Beacon Valley are large polygon 
structures, which are roughly 15 m in diameter and have a 
relief of 1-3 m. A highly cited model for the development of 
the polygon structures argues that in central Beacon Valley the 
underlying ice controls their shape and the locations where 
new cracks between polygons form and deactivate over time 
[2]. However, in lower Beacon Valley, Sletten et al., (2003) [3] 
reported polygon crack growth of 1 mm yr-1 over the past 40 
years indicating that even in a single valley, the formation and 
deactivation of polygons is poorly understood. Here we report 
a detailed cross section of a polygon, make several depth-
profiles of meteoric 10Be along this cross section and use 
optically stimulated luminescence (OSL) to date a few key 
samples at the center of this polygon. While confirming 
conclusions of previous studies that the polygon shoulders are 
stable on a 100 kyr timescale and experience little vertical 
sediment mixing, our results also give clear evidence of eolian 
transport to the polygon center leading to a sediment 
accumulation rate of 3 cm kyr-1 over the last 15 kyr. 
Moreover, the data suggest that the accumulated material is 
locally derived and, hence, surface erosion of the polygon 
shoulders must exist that cannot be recorded by meteoric 10Be. 
We conclude that polygon modification and soil accumulation 
under the apparent frozen conditions of Beacon Valley is an 
active and on-going process. 
 
[1] D. R. Marchant et al (2010) in Life in Antarctic Deserts 
and Other Cold Dry Environments: Astrobiological Analogs, 
9–77. [2] D. R. Marchant et al. (2002) GSA Bulletin 114, 718–
730. [3] R. Sletten et al (2003) J. Geophys. Res. 108, 8044. 
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We report novel analytical procedures allowing for the 

concurrent determination of the stable and mass independent 
Cr isotopic composition of silicate material by multiple 
collector inductively coupled mass spectrometry (MC-
ICPMS). In particular, we focus on improved precision of the 
measurement of the neutron-rich isotope 54Cr. Because nitride 
and oxide interferences are a major obstacle to precise and 
accurate 54Cr measurements by MC-ICPMS, our approach is 
designed to minimize these interferences. Based on repeat 
measurements of standards, we show that the mass 
independent 53Cr and 54Cr compositions can be routinely 
determined with an external reproducibility better than 2.5 and 
5.8 ppm (2 sd), respectively. This represents at least a two-fold 
improvement compared to previous studies. Although this 
approach uses significantly more Cr (30-60 µg) than analysis 
by thermal ionization mass spectrometry (TIMS), our result 
indicate that it is possible to obtain an external reproducibility 
of 19 ppm for the µ54Cr when consuming amounts similar to 
that typically analyzed by TIMS (1 µg). In addition, the 
amount of time required for analysis by MC-ICPMS is much 
shorter thereby enabling a higher sample throughput. As a 
result of the improved analytical precision, we identified small 
mass independent differences between different synthetic Cr 
standards and bulk silicate Earth (BSE) when using the kinetic 
law for mass bias correction. These differences are attributed 
to Cr loss by equilibrium processes during production of the 
synthetic standards. The stable isotope data concurrently 
obtained has a precision of 0.05‰/amu, which is comparable 
to earlier studies. Comparison of the measured isotopic 
composition of four meteorites with published data indicate 
that Cr isotope data measured by the technique described here 
are accurate to stated uncertainties. The stable Cr composition 
of the Bilanga and NWA 2999 achondrites suggest that the 
differences in the stable Cr isotope composition of Earth and 
chondrites may reflect heterogeneity of their precursor material 
rather than Cr isotope during metalsilicate segregation of 
Earth. Lastly, a step wise dissolution experiment of the CI 
chondrite Ivuna reveals previously unknown carriers of large 
Cr stable isotope variations that co-vary with the known 
presence of carriers of large mass independent anomalies, 
demonstrating one advantage of this technique. 
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The terrestrial and marine evolution and preservation of 
life are sensitive to changes in redox conditions. Banded Iron 
Formations (BIF), which have no modern analogues, are 
chemical sediments deposited from the ancient ocean and may 
provide clues about the chemical composition and redox 
conditions of the ocean throughout the Archean. Selenium (Se) 
is an essential redox-sensitive trace element that may have 
precipitated into iron oxide/hydroxide phases from Se(IV) 
species in seawater, and its isotopes are likely to reflect 
sources and redox processes prior to or during deposition (e.g. 
microbial and abiotic reduction of Se(VI) to Se(IV)). Here, we 
show the first investigation of Se content and Se stable isotopic 
composition (δ82/76Se) from Paleoarchean and Paleoproterozoic 
BIF formations namely the 3.5 Ga, Iron Ore Group (Tomka-
Daitari Greenstone Belt, India) and the 2.4 to 2.2 Ga BIF of the 
Hotazel and Griquatown Formations (Transvaal Supergroup, 
South Africa). Overall, the content of Se in BIF is small and 
varies between 15 to 160 ng g-1 in the Hotazel/Griquatown 
BIFs and 40 to 490 ng g-1 in the Iron ore Group. The observed 
range of δ82Se of Paleoarchean BIF is narrow (δ82Se = -0.75 to 
1.09‰). These minor changes in Se isotope composition in the 
Paleoarchean BIF imply no redox-sensitive Se fluxes and are 
consistent with a lack of oxidative weathering. On the other 
hand, the total spread of Se isotope composition in the 
Paleoproterozoic BIF formation is around 4‰ (δ82Se = -3.4 to 
0.52‰). Negative δ82Se values in carbonate-rich Hotazel BIF 
suggest redox-sensitive Se mobilization during early whiffs of 
oxygen, possibly coupled to continental weathering of Se. We 
propose that coupled reduction-adsorption-precipitation 
processes control the larger variability in Se isotope values in 
the Paleoproterozoic Hotazel Iron Formation. Further work 
will determine the variability of Se isotopic composition in the 
BIF’s at the time of the Great Oxidation Event and in 
sediments across ocean anoxic events. Based on our study, 
stable Se isotope ratios may help to determine redox conditions 
in the earliest geological record. 
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The role of mineral surfaces in contaminated acid soils is 

of critical importance as they influence transport, retention and 
chemical transformation of metal(loid)s. Acid soils occur 
worldwide but are typically associated with point sources of 
SO2 emissions such as the base-metal smelters of the Greater 
Sudbury area, Canada, which emitted roughly 3.5 million tons 
of SO2 and 1000 tons of Cu and Ni annually from 1900 to 
1972. Relicts of these smelter activities are highly leached acid 
soils containing thousands of mgkg-1 Cu and Ni mainly in the 
form of spherical particular matter [1]. In order to assess 
interfacial processes in these soils, mineral surface-coatings 
were characterized on the nano- to micrometer level. Silica-
rich coatings are composed of clay-minerals along the coating-
mineral interface and Cu- and Ni-bearing oxides and 
amorphous silica along the coating-soil interface. Minerals 
between these interfaces occur on the nano-scale and the 
transition from clay to oxide minerals reflects most likely 
changes in the soil chemistry due to the beginning of mining 
activities in the area. Iron-rich coatings are composed of an 
amorphous Fe-silica matrix containing nano-size crystals of 
Cu- and Ni-bearing Fe-oxides and sulfates as well as petrified 
bacteria in association with jarosite and magnetite. The 
occurrence of these phases and bacteria give insights into the 
uptake mechanisms of metal(loid)s during coating formation 
and biogenic-controlled redox processes on mineral surfaces. 
 
[1] Lanteigne et al (2012) Water Air Soil Pollut. 223. 3619-
3641. 
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The dissolution of metal sulfides at low pH is catalyzed by 

acidophilic iron- and sulfur-oxidizing bacteria and archaea. 
The geobiotechnological application of this process is termed 
biomining for processing of ores in the mining industry 
(biohydrometallurgy). Nowadays the production of copper 
from low-grade ores is the most important industrial 
application and a significant part of world copper production 
already originates from heap or dump/stockpile bioleaching. 
Conceptual differences exist between the industrial processes 
of bioleaching and biooxidation. Bioleaching is a conversion 
of an insoluble valuable metal into a soluble form by means of 
microorganisms. In biooxidation, on the other hand, gold is 
predominantly unlocked from refractory ores in large-scale 
stirred-tank biooxidation arrangements for further processing 
steps. In addition to copper and gold production, biomining is 
also used to produce cobalt, nickel, zinc, and uranium.  

Up to now, biomining is merely used as a procedure in 
processing of sulfide ores and uranium ore. With regard to the 
bioleaching processes of metals that are used especially in the 
electronic industry, as well as of mine and industrial waste 
(e.g. mine tailings, ash etc.), promising laboratory methods and 
even pilot processes already exist. Anaerobic bioleaching 
(Ferredox process) enables the processing of laterites and 
possibly other oxide ores like manganese nodules or even 
silicate ores. 

A biotic selective precipitation of metals as minerals from 
mine-impacted waters (such as acid mine drainage) can be 
performed for iron minerals such as schwertmannite by 
acidophilic iron-oxidizing bacteria as well as for different 
metal sulfides by hydrogen sulfide generating acidophilic 
sulfate-reducing bacteria. 

 
[1] Schippers et al (2014) In: Geobiotechnology. Schippers A, 
Glombitza F, Sand W (eds). Adv Biochem Eng Biotechnol, 
published online. [2] Vera et al (2013) Appl Microbiol 
Biotechnol 97, 7529-7541. [3] Brierley & Brierley (2013) Appl 
Microbiol Biotechnol 97, 7543-7552. [4] Ňancucheo et al 
(2012). Mineral Mag 76: 2683-2692. [5] Hedrich & Johnson 
(2012). Biores Technol 106, 44-49. [6] du Plessis et al (2011). 
Hydrometallurgy 109, 221–229. 
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Microbial life in the extreme subsurface is limited by 

various conditions such as the availability of nutrients, pH, 
temperature or toxic compounds. Examples for extreme 
subsurface environments are deeply-buried marine sediments, 
coal deposits, gas reservoirs or mine waste dumps. Over the 
last decade the microbiology in such environments has been 
studied in the BGR geomicrobiology lab using cultivation as 
well as molecular microbiological techniques. In deeply-buried 
marine sediments the abundance of cells strongly depends on 
the temperature and the availability of organic carbon down to 
a maximum sediment depth of almost 2 km below seafloor. 
The proportions of Bacteria and Archaea in marine sediments 
have shown to be highly variable in different sediments and 
sediment layers [1, 2]. In abandoned underground coal mines 
exists a complex microbial community responsible for the 
conversion of coal to methane [3, 4]. Gas reservoirs with very 
high salinity and temperature are hostile for life while a 
microbial community was found under less extreme conditions 
in this environment. In sulfidic mine waste tailings dumps 
microbial pyrite oxidation and metal mobilization 
preferentially occur in distinct tailings depth layers [5, 6]. No 
life was detected inside highly alkaline slag dumps while at 
less extreme conditions on the dump surface special new 
organisms were found [7]. 

 
[1] Ciobanu et al (2014) ISME J., published online.  
[2] Breuker (2013) FEMS Microbiol. Ecol. 85, 578–592.  
[3] Krüger et al (2008) Geomicrobiol. J. 25, 315-321.  
[4] Beckmann et al (2011) Geomicrobiol. J. 28, 347–358.  
[5] Schippers et al (2010) Hydrometallurgy 104, 342–350.  
[6] Korehi et al (2013) Environ. Sci. Technol. 47, 2189-2196. 
[7] Schippers et al (2002) Int. J. Syst. Evol. Microbiol. 52, 
2291-2295. 
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Anthropogenic nitrogen (N) loading in Narragansett Bay 

has increased over the last century, prompting upgrades to 
wastewater treatment facilities to decrease the amount of 
nitrogen discharged. The upgrade to tertiary treatment – where 
bioavailable N is reduced and removed through 
denitrification– has occurred at multiple facilities throughout 
Narragansett Bay’s watershed. Stable isotopes have previously 
been used as a tracer of nitrogen source; however, no studies 
have assessed changes to isotopes in Narragansett Bay after 
upgrades to tertiary treatment. To characterize the potential 
impact of these upgrades, samples from rivers and WWTFs, 
and Narragansett Bay were collected in 2009 and 2012, before, 
during, and after upgrades to tertiary treatment. Samples were 
analyzed for NO3

- concentration and stable N (δ15N) and 
oxygen (δ18O) isotopic compositions of NO3

-. The shift to 
tertiary treatment, documented at one WWTF, increased 
effluent nitrate δ15N and δ18O values by ~18 ‰ for both 
isotopes (p<0.005). Across the region, δ15N and δ18O values of 
most rivers increased by 5 ‰ and 4 ‰, respectively (p<0.01). 
This shift toward higher isotope values accompanies a 
reduction in nitrogen inputs of ~ 20%. The effects of tertiary 
treatment on the δ15N of NO3

- values are not apparent beyond 
the Providence River Estuary (north of 41.7ºN). Between 
2007-2009 and 2011-2012, δ15N values increased significantly, 
by 2 ‰, in the Providence River Estuary, but not in the rest of 
Narragansett Bay (south of 41.7ºN). The lack of change in 
δ15N and δ18O in the Narragansett Bay suggests that either 
anthropogenically-derived nitrate is consumed by 41.7°N 
and/or mixing and recycling of nitrate within Narragansett Bay 
proper overprints any tracer signal. N* calculations show that 
the bay switches from N-rich to N-limited at 41.7°N for both 
2007-2009 and 2011-2012, consistent with the idea that the 
anthropogenic N input reductions and accompanying isotopic 
changes are not likely to impact the bay proper.  
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Dissolved organic matter (DOM) in sediment pore waters 
is a complex mixture of individual molecules, which are 
important reactants in biogeochemical cycles and serve as 
substrates for benthic organisms. The molecular composition 
of DOM reflects the organic matter sources and quality, 
geochemical conditions in the sediment and microbial impact. 

Aiming at a better understanding of the interactions 
between DOM and sediment biogeochemistry we analyzed 48 
pore water samples from 8 sampling sites in the Eastern and 
Western Mediterranean, Black and Marmara Seas with 
ultrahigh-resolution Fourier Transform Ion Cyclotron 
Resonance Mass Spectrometry (FTICRMS) for the molecular 
composition in the context of comprehensive geochemical data 
and microbial cell abundances. The samples cover a broad 
range of geochemical conditions (oxic vs. sulfate-reducing vs. 
methanogenic conditions), organic matter sources (marine-
dominated vs. terrestrial-influenced) and sedimentary systems. 
We detected more than 10,000 molecular species in the mass 
range of 300-600 Da including more than 3100 N-bearing and 
2200 S-bearing molecules. Individual samples contained 
between 1170 and 5901 molecular species and showed 
considerable compositional variations. S-bearing molecules 
were elevated in the Black Sea, whereas N-bearing molecules 
were more abundant in the sediments from the Eastern 
Mediterranean Sea.  

To elucidate the mechanisms controlling these molecular 
variations we performed multivariate statistical analyses to 
unravel the complex biogeochemical information encoded in 
the molecular composition of DOM and shed new light on the 
microbe-DOM-interactions in marine sediments. 
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The oxidation state of the Martian interior can be 

constrained by investigation of the oxygen fugacities (fO2) of 
basaltic rocks, including the SNC meteorites and ones 
examined by landed Mars missions. The Spirit Mars 
Exploration Rover in Gusev Crater encountered an array of 
basalts, ranging from the K-poor Adirondack class (~0.02 wt% 
K2O) to the K-rich Backstay class (up to 1.2 wt% K2O 
determined by Alpha Particle X-ray Spectrometer, APXS), and 
exhibiting substantially more variation than observed in 
martian basaltic meteorites. The ratios of ferric to total iron 
(Fe3+/FeT) measured by the Mössbauer spectrometer (MB) are 
high (equivalent to -0.76 to +2.98 ΔQFM; quartz-fayalite-
magnetite buffer), reflecting secondary ferric oxides. By 
combining the Fe3+/FeT of the igneous minerals determined by 
MB, we estimate primary fO2 for the Gusev basalts to be -3.6 
to 0 ΔQFM. Estimating fO2 as a function of the dependence of 
the CIPW normative fayalite/magnetite ratios on Fe3+/FeT 
yields a slightly smaller range of -2.58 to +0.57 ΔQFM. 
General similarity between the Gusev and shergottite fO2 
estimates (-3.8 to 0.2 ΔQFM; Herd, 2003; Goodrich et al., 
2003) suggests that the overall range of fO2 for the martian 
igneous rocks and mantle is relatively restricted. Like the 
shergottites (Herd, 2003), fO2 estimates of three Gusev classes 
(Adirondack, Barnhill and Irvine) correlate with a proxy for 
LREE enrichment (0.2 to 0.6 K2O/TiO2). This suggests mixing 
of melts or fluids derived from reservoirs with contrasting fO2 
and incompatible element characteristics and limited tectonic 
processing of the Martian mantle.  

If the K2O/TiO2 ratio is a robust indicator of oxidation state 
for Mars, then we can apply it to igneous rocks encountered by 
the Mars Science Laboratory (MSL) rover, even though it does 
not carry a MB. The Gale suite includes the mugearitic Jake M 
class rocks (K2O/TiO2 up to 4.4) and alkali basaltic 
volcaniclastic Bathurst_Inlet class (K2O/TiO2 2.0-2.8). 
Concentration of incompatible elements possibly by 
metasomatic processes into discrete domains may imply that 
portions of the Martian interior are significantly more oxidized 
than the Gusev or meteorite data imply. 
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The deep carbon cycle is governed by a combination of 
melting and redox reactions. While in the uppermost mantle, 
slab-derived CO2 may remain in its oxidized state, reduction 
and immobilization is inevitable in the deeper mantle. 

Melting of subducted carbonated sediments produces 
carbonate-saturated phonolitic silicate melts to ~5 GPa but 
reqires temperatures in excess of what is normally reached at 
subarc depth. The Italian ultrapotassic CO2-rich kamafugites 
are mostly interpreted through assimilation of carbonate in the 
Appenine crust but experiments demonstrate that they derive 
from subducted sediments and their phonolite melts. Melting 
occurs at the trailing slab edge and the migration of the already 
ultrapotassic CO2-rich phonolites leads to hybridization in the 
mantle, where heavily undersaturated kamafugites (~43 wt% 
SiO2) form through reaction with olivine and cpx under CO2-
rich conditions. Upon rise, these kamafugites exsolve 
carbonatites and the observed trace concentrations of the 
Appenine carbonatites and kamafugites match our 
experimental element partition coefficients. 

Above 5 GPa, melts of subducted carbonated crust are 
alkali-rich carbonatites. Upon migration into metal-saturated 
mantle at >8 GPa, these carbonatites are reduced to diamond 
and immobilized leading to mantle domains with abundant 
Fe3+ in garnet (and perovskite in the lower mantle) with most 
Fe0 oxidized and the carbon reduced to its elemental state. 
Interestingly, the eutectic between Fe0 and C lies >200 oC 
below the adiabate leading to mantle domains with a small Fe-
C-metal melt fraction that is probably inconspicuous as this 
melt will remain isolated at grain boundaries. 

While redox freezing leads to carbon enriched domains in 
the mantle, the inverse process occurs upon decompression 
when the Fe3+/Fe2+ ratio in garnet approaches again zero. As a 
consequence of the reduction of Fe3+ any coexisting carbon is 
reoxidized and a first carbonatitic melt fraction forms from 
carbon bearing mantle. This process may occur unter mid-
ocean ridges as well as in hotspots and may ultimately be 
responsible for the first melts to occur in mantle upwellings. 

Further progress in our ability to predict the deep carbon 
cycle critically depends on thermodynamic modelling: After 
determining the hihg-pressure melting of siderite, of the highly 
non-ideal magnesite-siderite binary and of the liquidus surface 
of the Ca-Fe-Mg-carbonate ternary (at 3.5 GPa), we are 
presently developing a carbonate melt model. 
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Despite much interest in the industrial, environmental, and 

biological applications of amorphous calcium carbonate 
(ACC), few studies have been able to examine the amorphous 
to crystalline transformation in situ. We used synchrotron X-
ray total scattering and pair distribution function analysis to 
characterize the in situ transformation of ACC, examining 
samples prepared by different synthesis methods and at 
different hydration states. ACC samples were allowed to react 
in capillaries at ambient P and T with deionized water or a 
calcite-equilibrated solution. Reaction progress could be 
followed using multiple regressions of in situ I(Q) data, with 
calcite, vaterite, and fresh ACC end-members. 

The different ACC samples exhibited a range of results in 
terms of both transformation rate and pathway. Transformation 
kinetics varied according to ACC synthesis method, and in turn 
transformation pathway was affected strongly by kinetics. 
Experiments with slower transformation kinetics showed ACC 
transforming directly to calcite, while experiments with the 
fastest transformation rates yeilded a mixture of calcite and 
vaterite. In experiments where transformation produced a 
mixture of phases, the initial crystallization of vaterite and 
calcite was simultaneous. Transformation of ACC directly to 
calcite and the simultaneous formation of vaterite and calcite 
both indicate that vaterite is not an essential precursor phase in 
the formation of calcite. However, ex situ analysis of 
capillaries long after in situ analysis did show a secondary 
tranformation from vaterite to calcite, with slower reaction 
kinetics than either of the initial crystallization reactions from 
the amorphous phase. 

Reactions involving calcite-equilibrated solution and 
partially dehydrated ACC both correlated with an overall 
decrease in the transformation kinetics. We attribute these 
effects to a decreased departure from equilibrium and the 
distinct structural roles of the various hydrous components of 
the partially dehydrated ACC. The in situ structural analyses 
used in this study shed light on the possible controls 
manipulated by organisms to direct transformation in vivo with 
potential applications for biomimetic synthesis. 
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Nanoparticles have long been recognized as an important 

factor in actinide chemistry,[1] as well as reactive transport.[2, 
3] The formation of Pu(IV) nanoparticles can be enhanced by 
the presence of a mineral surface[4], even if Pu is not initially 
present as Pu(IV).[5] Redox activity of the mineral surface is 
not a prerequisite for this oxidation/ polymerization 
reaction.[6] 

Upon reaction of a solution of Pu(III) with muscovite mica 
the formation of Pu(IV)-oxo-nanoparticles was observed by 
surface x-ray scattering [crystal truncation rods (CTR) and 
resonant anomalous x-ray reflectivity (RAXR)] and atomic 
force microscopy (AFM).[6] The surface-mediated 
polymerization has been related to the enhanced concentration 
of mobile plutonium near the interface, as well as the redox 
equilibrium of Pu(III) and Pu(IV) under atmospheric 
conditions.  

Here we present our recent findings demonstrating that the 
same mechanism is also found when Pu is initially present in 
its hexavalent state PuO2

2+, thus requiring reduction instead of 
oxidation to reach the tetravalent state. Surface x-ray scattering 
in combination with x-ray absorption near-edge spectroscopy 
(XANES) reveal the presence of Pu(IV) nanoparticles after 12 
hours reaction time. Grazing incidence XANES shows only 
Pu(IV) at the interface, within the detection limits. The 
interfacial structure revealed by CTR and RAXR will be 
discussed and compared to the structures formed upon sorption 
of preformed Pu(IV) nanoparticles[7], as well as after surface-
mediated formation of nanoparticles from trivalent 
plutonium.[6] 
 
[1] Knope, K.E., et al Chem. Rev., 2012. 113(2): 944; [2] 
Kersting, A.B., et al Nature, 1999. 397: 56; [3] Novikov, A.P., 
et al Science, 2006. 314: 638; [4] Powell, B.A., et al ES&T, 
2011. 45 (7): 2698; [5] Kirsch, R., et al ES&T, 2011. 45 (17): 
7267; [6] Schmidt, M., et al ES&T, 2013. 47 (24): 14178; [7] 
Schmidt, M., et al Langmuir, 2012. 28: 2620. 
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Tarawera volcano (Okataina, Taupo Volcanic Zone, New 
Zealand) was formed during four major rhyolite eruptions over 
the past ~22 ka, the youngest of which (the 0.7 ka Kaharoa 
event) also erupted granodioritic xenoliths from the volcano’s 
intrusive underpinnings. We have combined U-Th zircon 
geochronology with zicon trace element analysis at the highest 
achievable (µm-scale) spatial resolution afforded by Secondary 
Ionization Mass Spectrometry (SIMS) depth profiling of 
unsectioned crystals from Tarawera volcanic and plutonic 
rocks [1-3]. Zircon rim ages are heterogeneous at hand-sample 
scale, implying that individual crystals experienced different 
thermal histories. Arrested zircon crystallization is often 
indicated by age hiatuses and trace element reversals that mark 
deviations from a dominant pattern of retrograde 
crystallization indicated by a rimward decrease in Ti 
correlating with Zr/Hf. Moreover, zircon age distributions for 
sequential eruptions become progressively younger, with rim 
ages of preceding eruptions resembling interiors ages of the 
subsequent event. By contrast, granodiorite zircons in Kaharoa 
rhyolite have ages up to ~750 ka which differ from the 
dominantly young (<45 ka) zircon population in the host 
rhyolite. Zircon data for Tarawera rhyolites and granodiorites 
underscore that (1) the zircon record becomes gradually biased 
towards younger magmatic episodes; (2) zircon crystallization 
may not always track monotonic magma cooling, but can be 
interrupted by episodes of thermal and compositional 
rejuvenation; (3) marginal parts of the intrusive magma system 
can escape subsequent reprocessing, and thus plutonic rocks 
may only portray a partial picture of magmatic longevity; and 
(4) the zircon ‘cargo’ in volcanic rocks reflects thermally and 
compositionally divergent processes acting near-
simultaneously in a crystal-rich magma storage region, rather 
than the conditions in the eruptible magma. 
 
[1] Storm, Shane, Schmitt & Lindsay (2011). Earth Planet. 
Sci. Lett. 301, 511-520; [2] Shane, Storm, Schmitt & Lindsay 
(2012). Lithos, 140, 1-10; [3] Storm, Shane, Schmitt & 
Lindsay (2013). Contributions to Mineralogy and Petrology, 
163, 505-519. 
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The petrologic complexity of the archtypical ‘monotonous 

intermediate’ Fish Canyon Tuff (FCT) has been previously 
established by a variety of mineralogical and geochemical 
proxies [1-2], and the unusual storage and eruptive dynamics 
of the FCT have been delineated by several geochronological 
studies [3-5]. Titanite is an apparent equilibrium phase in the 
penultimate FCT magma, and can be linked petrographically to 
hornblende crystals that preserve up-temperature core-to-rim 
zoning profiles. As a reactive, trace element-rich phase, we 
hypothesized that titanite may record an intracrystalline record 
of magma chamber dynamics. Titanite crystals from the same 
separate analyzed in [4] were oriented and doubly-polished to 
yield characteristic wedge-shaped cross-sectional wafers 
approximately 300 µm in thickness. BSE imaging guided LA-
ICPMS analyses of a full suite of trace elements using a 25 µm 
beam diameter and crater depth on multiple locations across 
both sides of the wafer. 

Most titanite crystals are characterized by large variations 
in trace elements, including at least two generations of REE-
enriched, actinide-poor, low Sr, large Eu anomaly cores 
overgrown by REE-depleted, actinide-rich, high Sr domains 
with small Eu anomalies and distinctive concave-up middle to 
heavy REE patterns. Trace element contents and patterns 
correlate strongly with Eu anomaly; intermediate compositions 
are abundant and spatially correlated to reaction zones between 
core and rim domains. 

Within the context of the batholithic rejuvenation model 
for the FCT magma [1-2], these trace element variations are 
interpreted to record the partial melting of a differentiated 
crystalline FCT precursor and its hybridization with a more 
‘mafic’ flux. ID-TIMS dating of end-member titanites confirm 
older ages (ca 28.4 to 29.0 Ma) for cores and define a younger 
age for rejuvenation of ca 28.2 Ma, consistent with recent U-
Pb zircon and 40Ar/39Ar studies [5-7]. 
 
[1] Bachmann & Dungan (2002) American Mineralogist 87, 
1062–1076. [2] Bachmann, Dungan & Lipman (2002) Journal 
of Petrology 43, 1469–1503. [3] Bachmann et al (2007) 
Chemical Geology 236, 134–166. [4] Schmitz & Bowring 
(2001) Geochimica et Cosmochimica Acta 65, 2571–2587. [5] 
Wotzlaw et al (2013) Geology 41, 867–870. [6] Rivera et al 
(2011) Earth and Planetary Science Letters 311, 420–426. [7] 
Kuiper et al (2008) Science 320, 500–504. 
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A growing body of work shows that models for magma 
generation, transport, storage, and eruptibility are dependent on 
the timescales of magma flux and composition, cooling rate 
and therefore crystallinity. Most time calibrations of these 
processes via geochronology and geospeedometry are from 
young volcanic systems, though a more comprehensive 
understanding of crustal evolution must include the 
complementary plutonic record. 

We approach this problem using ID-TIMS U-Pb 
geochronology on zircon in two systems of contrasting depths: 
the shallow crustal Elba magmatic system, Italy (~ 7 Ma), and 
the Alpine Bergell instrusion (~30 Ma), which exposes an 
upper to lower crustal section. In Elba, zircon inclusions were 
separated and dated from cores and rims megacrystic K-
feldspar, yielding crystallization rates that can be linked to 
rock petrogenesis via petrography and whole-rock and 
intracrystalline geochemistry combined with phase equilibrium 
modeling. We show that though zircon dates span 400 ka, one 
pulse of magma was emplaced and experienced crystal-mush 
lockup within 10s of ka. Thus, most of the zircons are 
antecrystic and imported to the ~ 5 km emplacement depth.  

Tonalitic zircon from the Bergell intrusion also shows 
~600 ka of growth in single hand samples, but can be shown to 
be autocrystic using a combined approach that links in situ 
trace element geochemistry with high-precision U-Pb dates 
and geochemistry of the same, microsampled, grains. These 
data can be used to calculate zircon growth rates and linked to 
magma evolution via whole-rock geochemistry, petrography 
and modeling of zircon saturation temperatures in evolving 
liquids. On a pluton scale, these data can be used to show that 
magma differentiation occurred both deeper in the crust and 
also in situ, with the latter decreasing in importance upward in 
the crust. 

Though the techniques used are a step forward in linking 
dates to physical and chemical processes in magmatic systems, 
creative new approaches are needed that link both in situ and 
high-precision geochronology with intracrystalline- to crustal-
scale geochemistry, petrography, and field relations.  
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Iron (Fe) is the limiting micronutrient for primary 

productivity in the ocean’s High-Nitrate-Low-Chlorophyll 
regions, including the Peru/Humboldt Current system and the 
adjacent eastern equatorial Pacific. In the highly productive 
upwelling waters off Peru, most of the bioavailable Fe derives 
from reducing continental margin sediments. Bottom water 
oxygenation plays a vital role in defining the magnitude of this 
seafloor Fe source. It is therefore anticipated that large-scale 
fluctuations of upper ocean oxygenation on glacial-interglacial 
timescales were accompanied by changes in Fe supply from 
the seafloor with potential impact on primary productivity as 
well as carbon sequestration in the deep ocean. 

Here, we report a 140 ka record of nitrogen isotopes, trace 
metal proxies for oxygenation and sedimentary Fe 
concentrations for the Peru upwelling system. We observe a 
close coupling between the globally consistent trend of upper 
ocean oxygenation (as revealed from nitrogen isotopes), 
sediment redox conditions and sedimentary Fe concentrations 
with periods of reduced ventilation (chiefly interglacials and 
warmer periods) being characterized by increased Fe retention 
in the sediment and a lower Fe flux into the water column. 
Efficient Fe retention under more reducing conditions is 
attributed to widespread sulfidic conditions in the surface 
sediment and concomitant Fe sulfide precipitation. Our results 
demonstrate that Fe release from continental margin sediments 
is most effective in a narrow ‘redox window’ where neither 
oxygen nor sulfide is present. We therefore anticipate that 
oceanic patterns of micronutrient limitation are unlikely to 
respond in a uniform manner to global oxygenation trends. 
Fully oxic ocean regions may experience an increase in 
seafloor Fe supply upon deoxygenation whereas oxygen-
depleted ocean regions may experience an expansion of 
sulfidic conditions and therefore a reduction in seafloor Fe 
supply. 
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Charge development on mineral surfaces is an important 
control on the fate of minor and trace elements in a wide range 
of environments. Environments having high salt concentrations 
(i.e., high ionic strength, I) are common to many of these 
important environments. In this study, we determined the zeta 
potential (ζ) of anatase in potassium chloride solutions with 
concentrations up to 3M (25°C). The zeta potential is the 
potential at the hydrodynamic shear plane. In this study, we 
made use of the electro-acoustic effect. This effect is based on 
the development of a measureable potential/current when the 
electrical double layer outside the shearplane is separated from 
a charged particle through rapid oscillation induced by a sound 
wave. The instrument used in this study, Dispersion 
Technology DT-300, measures the colloid vibration current 
(CVI). The advantage of this type of measurement is that the 
particles are not subjected to a high electric field (common to 
typical zeta potential measurements), which leads to electrode 
reactions and a shift of solution pH. 

Measurements were collected by subtracting the ion 
vibration current (IVI) due to the presence of potassium and 
chloride ions from the CVI. The correction is necessary for 
measurements in solutions with I > 0.25 M. This subtraction 
was done at each of the measurement conditions by 
centrifuging the slurrly, measuring the IVI of the supernatant, 
reconstituting the slurry, and then measuring CVI of the slurry. 
Subtraction of IVI at each condition is critical because IVI 
changes with pH and accounts for most of raw signal. 

The results show that the anatase isoelectric point shifts 
from a pH ~6.5 to a value of ~4.5 at 1M KCl. At ionic strength 
in excess of 1 M KCl, the surface appears to be slightly 
negatively charged accross the pH range accessible by this 
technique (pH 2.5-10). The loss of an isoelectric point suggests 
that KCl is no longer an indifferent electrolyte at 1 M KCl and 
higher.  

The zeta potential measurements are consistent with 
standard Electrical Double Layer models in that at high ionic 
strength most of the surface charge is compensated within the 
shear plane. However, this theory does not explain the loss of 
the isoelectric point with ionic strength. Further work on other 
minerals is planned.  
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Free radicals—atoms or molecules with one or more 
unpaired electrons—are typically unstable, highly reactive, 
cause cellular damage, and can lead to disease. Two of the 
more common reactive free radicals (FR) are superoxide, O2*- 
and hydroxyl radical, OH*, which form via stepwise reduction 
of O2, itself a relatively unreactive bi-radical. Protective 
enzymes, such as superoxide dismutase, high levels of 
antioxidants, and repair systems limit the deleterious effects of 
FR within mamallian cells. However, inhalation exposure to 
particulate matter that induces FR formation can overwhelm 
these defense mechanisms. For example, mineral-driven FR 
formation is thought to contribute to silicosis and asbestosis. 
FR formation associated with quartz is thought to be largely 
driven by the presence of surface defects, which are often 
induced by mechanical stress.  

Analyzing for FR is a challenge because of they typically 
react almost immediately after they form. The “gold” standard 
in FR analysis is spin trapping which leads to the formation of 
an adduct that is labile and gives rise to a specific ESR 
spectrum. While specific, it is not easy to use this analytical 
technique to study the kinetics of mineral-driven radical 
formation. We have adapted biomedical molecular probe 
techniques and developed two new techniques to study the 
formation of OH radical formation in aqueous mineral 
dispersions. In addition, we have developed a protocol to 
determine the effect of mineral exposure on human epithelial 
cells.  

Using these new tools we have extensively studied an 
alternative mechanism to mineral defect-driven radical 
formation. This alternative, Fenton-like process has been 
shown to operate in the formation of hydroxyl radicals when 
iron-bearing minerals are dispersed in water or simulated lung 
fluid. For example, pyrite forms significant amounts of OH* 
when dispersed and its presence in coal is thought to be a 
major factor in the development of black lung disease among 
coal miners. Currently we are working on the reactivity and 
toxicity of materials relevant to the human exploration of 
airless planetary bodies.  
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Since the observation of isotopic fractionation of stable 
isotopes of carbon during photosynthesis more than 60 years 
ago, the contrast in isotopic composition between organic 
carbon and calcium carbonate has been used to reconstruct the 
history of the global carbon cycle and to infer a connection to 
the oxidation state of the planet, including the rise of 
atmospheric oxygen. The input of carbon to Earth’s surface 
reservoirs, primarily in the form of carbon dioxide associated 
with volcanism and metamorphism, is balanced by the burial 
of carbon either as organic carbon, which is depleted in 13C 
relative to dissolved inorganic carbon in seawater (DIC), or as 
calcium carbonate, which has a similar isotopic composition to 
DIC. Changes in the isotopic composition of marine carbonate 
in the geologic record have been interpreted as changes in the 
fractional burial of organic carbon relative to carbonate carbon. 
Last year, we proposed a new framework for relating the 
carbon isotopic composition of calcium carbonate to the 
history of the carbon cycle that adds a new degree of freedom 
to the isotopic mass balance described above, and requires a 
major reinterpretation of the carbon isotope record throughout 
Earth history.3 In particular, we proposed that authigenic 
carbonate, produced in sediments during diagenetic reactions 
associated with sulfate and iron reduction has played a major 
role in the carbon cycle over Earth history, although it 
represents a minor component of the modern carbon isotope 
mass balance due to high levels of atmospheric oxygen in the 
modern world. We will present new evidence that supports this 
hypothesis, and reexamine critical events in Earth history in 
this context. We will discuss specific diagenetic mechanisms 
that cause a transition between a modern state with relatively 
minor authigenic carbonate and an ocean state with high 
authigenic carbonate burial. We will also discuss a variety of 
environmental conditions that can promote much higher 
authigenic production. 

 
[1] Schrag, DP, Higgins, JA, Macdonald, FA, and Johnston, 
DT. Science, 339, 540-543, 2013. 
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Introduction 

The distribution of Br between brine and chlorine minerals 
enables the genetic interpretation of evaporite forming 
processes. As shown in previous publications, the distribution 
coefficient (DBr) is not constant [1, 2], depending on the kind 
of the Br incorporating mineral and the composition of the 
brine [2]. Therefore a thermodynamic modeling with the 
software EQ3/6v7.2c [3] was performed. 
Results 

Experimental investigations have shown that the DBr shifts 
from higher values in low concentrated solutions to lower DBr 
values in higher concentrated brines of the system NaCl-NaBr-
H2O as well as in evaporating seawater. A comparable Br 
distribution was detected in the carnallite- and sylvite-H2O-
system. In order to describe the Br distribution between brine 
and precipitating halite in a thermodynamic way, different 
solid solution models [4] were calculated with EQ3/6v7.2c, 
whereat the trace element solid solution model is the most 
satisfying one [1, 2] also for the more complex seawater 
evaporation. According to thermodynamic calculations, the 
first halite precipitates with a Br concentration of about 0.0075 
wt. % in evaporating seawater with a Br content of about 0.054 
wt. %. The modeling shows a good analogy with the 
theoretical Br value of 0.0075 wt. % for the first precipitating 
halite and the brine (0.053 wt. %) [5] as well as for the halite 
with 0.018 wt. % Br, that precipitates in a later stage of 
evaporation while polyhalite forms. The EQ3/6-results for 
carnallite saturated seawater with respect to the Br content in 
the solution (0.50 wt. %) and the paragenetic halites (0.037 wt. 
%) are nearby the theoretical values. Additionally first results 
for the thermodynamic modeling of the Br incorporation in 
carnallite will be presented. 
 
[1] Siemann & Schramm (2000) Geochim. Cosmochim. Acta. 
64, 1681-1693. [2] Siemann & Schramm (2002) Geochim. 
Cosmochim. Acta. 66, 1387-1399. [3] Wolery (1992) EQ3/6 
software package, version 7.2c. [4] Saxena (1973) Minerals, 
Rocks and Inorganic Materials 8, 188. [5] Braitsch (1962) 
Mineralogie und Petrographie in Einzeldarstellungen 3, 232. 
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Seawater from the North Sea was progressively evaporated 

in an incubator under controlled temperature and humidity 
conditions. The experiments were performed to investigate the 
trace element distribution of Br, Sr, Rb and Li between brine 
and different evaporite minerals during evaporation and 
following phase transitions. Sr, e.g., is incorporated in calcite, 
gypsum, anhydrite, polyhalite and celestine, but anhydrite and 
polyhalite also occur as phase transitions from gypsum and 
anhydrite, respectively. 

Altogether, 75 kg seawater were evaporated. The air 
temperature was set at ~27°C (resulting in a water temperature 
of ~25°C), and the humidity was varied from 60% to 20%, 
dependent on the degree of evaporation. Wave movement was 
realized using a ventilator, where the airflow was set at max. 
3.5 m/s. Both, solution and precipitated minerals, were 
sampled regularly and analyzed using ICP-OES and ICP-MS. 
The minerals were furthermore investigated using SEM and 
optical light microscopy. 

During the experiments it pointed out, that wave 
movement results in different appearance of the precipitates 
and in different mineral paragenesis, particularly in a late stage 
of evaporation. If the wave movement is low, few cm big 
cauliflower-like carnallite-kieserite intergrowth, growing from 
small brine filled pores, occur at the developed salt crust. If the 
wave movement is high, no carnallite and kieserite intergrowth 
was observed, and single carnallite and kieserite crystals were 
much smaller (<< 1 mm). 

The behavior of Sr was not significantly affected by 
different evaporation conditions. In all experiments, the Sr 
content in the solution increased from 7 mg/l to 64 mg/l, and 
decreased in the course of progressive evaporation to 8 mg/l. 
This behavior can be explained by plentyful development of Sr 
incorporating minerals like gypsum and anhydrite. Celestine 
was already found in assembly with gypsum, so it seems to 
precipitate continuously during evaporation. 

The Br content in the brine increased from 60 mg/l to 4050 
mg/l and is in line with available data, e.g. [1], and 
thermodynamic models [2]. 
 
[1] Herrmann et al (1973) Contr. Mineral. Petrol. 40, 1-24. [2] 
Schramm Goldschmidt Conference 2014, this volume. 
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Soil fungi are important degraders of the three most 

abundant biopolymers (cellulose, lignin, and chitin) and 
therefore they mediate a globally important flow of organic 
carbon (OC) in soils. However, relatively little is known about 
their contributions to long-lived soil carbon pools. We studied 
the degradation dynamics of fungal necromass in the common 
saprotrophic species Fusarium aveneceum. Fungal tissue was 
contained in stainless steel litterbags (pore size 100 µm) and 
degraded for two months in laboratory microcosms containing 
bulk soil replete with a natural soil microbial community. 
Approximately 75% of the original fungal OC was degraded in 
the first week, but after two months of degradation, 10-20% of 
the original OC was still present in the litterbags. Initial 
chemical analysis by FTIR spectroscopy and 
thermochemolysis-gas chromatography-mass spectrometry 
indicated that the chemistry of the fungal necromass changed 
significantly over the degradation sequence. Chitin (indicated 
by glucosamine) decayed rapidly, but an amide-rich residue 
remained and was concentrated in the residual tissue. Certain 
biomarker classes, such as fatty acids, displayed differing 
degradation characteristics. Some fatty acids, e.g. C16 and 
C18:1, degraded faster than bulk OC while others, e.g. C18 and 
C24, were concentrated in the residual tissue. The divergent 
degradation profiles have important implications for 
contributions and sources of free and bound lipid pools in soils 
and sediments. Similar patterns have been observed in a field 
incubation study of Fusarium tissue, thus validating the 
laboratory results. The results of this study point to an 
important contribution of fungi to the recalcitrant soil organic 
carbon pool. 
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The Black Sea is the world’s largest anoxic basin where 
the water below 100 m and the sediments are devoid of 
oxygen. FS Meteor cruise M84/1 (DARCSEAS) [1] 
investigated site GeoB 15105 in the SW Black Sea. Using 
state-of-the-art analytical protocols, we traced intact polar 
lipids (IPL) of the planktonic and sedimentary microbial 
communities in a unique set of samples spanning the water 
column and extending 8 m deep into the sediment. The 
resulting IPL profiles were examined in relation to 
geochemical data from pore-water and water column samples, 
gene-based methods including total cell counts, and 
sedimentological description. 

We found abundant archaeal and bacterial glycosidic and 
phosphatidic IPLs in all samples; total sedimentary IPL 
concentrations closely mirrored total microbial cell counts, 
suggesting a relatively low impact of fossil IPLs. Use of 
several recently developed liquid chromatographic separation 
protocols provided an unprecedented view of a rich lipid 
diversity from planktonic and subseafloor Archaea and 
Bacteria. Depth distributions of recently identified lipids such 
as unsaturated glyceroldialkylglyceroltetraethers (GDGT) and 
butanetriol-containing tetraether lipids (BDGT) are consistent 
with production by anaerobic archaea and the presence in 
sediments can be confidently linked to sedimentary microbes. 
Detailed examination of cyclization and alkyl chain length in 
the core lipid structures and polar head group-specific ratios of 
intact to core lipid concentrations allowed to distinguish 
between planktonic and benthic microbial sources and link 
these compounds to distinct geochemical regimes in the Black 
Sea and its sediment. 
 
[1] Zabel et al (2013) RV METEOR, Cruise Report M84/1, 
DFG.  
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Many environmental controls influence the ratio of 12C:13C 

fixed within plant tissue. However, how the concentration of 
atmospheric carbon dioxide, a raw material for photosynthesis 
that affects many aspects of plant biology, affects the net 
isotopic discrimination between plant tissue and atmospheric 
CO2 has remained uncertain. Here we present a relationship 
quantifying how atmospheric CO2 concentration (pCO2) affects 
plant carbon isotope fractionation that is based on chamber and 
field studies conducted on a great diversity of C3 plants. This 
relationship reconciles the wide range of fractionation factors 
previously reported and provides the framework for applying 
the pCO2 effect to periods of changing pCO2 level. Our 
analysis provides a minimum value for the fractionation due to 
catalysis by RuBisCO, which has implications for 
reconstructing plant water-use efficiency across any interval of 
pCO2 change. Our work also helps to explain why terrestrial 
substrates commonly show a larger carbon isotope excursion 
than marine substrates during intervals of rapid changes in the 
global carbon cycle, and can be used to quantify the 
background and maximum pCO2 levels for these events. We 
conclude that the effect of changing pCO2 level on plant 
carbon isotope fractionation must be accounted for when 
analysing δ13C records from terrestrial substrates across any 
interval of pCO2 change.  
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Multiple working models exist for the interpretation of 

carbon and oxygen isotopes in tree rings from both modern and 
fossil wood. A quantitative mechanistic relationship for 
interpreting these records has proven difficult because multiple 
environmental parameters, such as temperature and 
precipitation, are thought to affect the δ13C and δ18O values of 
tree ring tissues. Here we present a unified set of independent 
proxy relationships developed for high-resolution, intra-ring 
isotope records. These relationships result from our 
comparison of a total of 1067 tree rings from 42 sites across 
the globe in order to relate δ13C and δ18O values to local 
seasonal climate parameters. We show that the intra-ring 
change in δ13C value reflects seasonal changes in precipitation 
amount, while the intra-ring change in δ18O value reflects 
seasonal changes in both precipitation amount and 
temperature. Therefore, by using a combined isotope approach, 
one can use the carbon isotope record to quantify changes in 
seasonal precipitation and then use this data to solve for 
changes in seasonal temperature using the intra-ring δ18O 
record. 
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Microbial membrane lipids play an important role in the 
physiological adapatation of organisms to changes in 
temperature, pH, nutrients or salinity. Halophilic archaea 
contain very characteristic membrane lipids in comparison to 
other archaea, including bacterial cardiolipin analogs with C20 
and C25 isoprenyl groups and abundant archaeol and extended 
archaeol (containing a C20 and a C25 isoprenyl group) with 
unique headgroups such as sulfated sugars (SG) and 
phosphoglycerolmethylphosphate (PGP-Me) [1,2]. These 
predominantly anionic lipids have been associated to function 
to shield the membrane from high Na+ ion concentrations by 
providing a high negative charge surface density [1]. 

In this study we investigated eight sites ranging from 
freshwater to brackish to hypersaline conditions using 454 
pyrosequencing, quantitative PCR, and intact polar lipid 
analysis to describe changes in the microbial community 
composition and their lipid content. Archaeal lipid 
contributions increase with increasing salinity, but bacteria 
remain dominant. Bacterial lipids include phospholipids, 
glycolipids, sulfolipids and aminolipids, some of which have 
been described for halophiles [3]. With increasing salinity we 
see an increase of the above described isoprenoidal 
cardiolipins, archaeols and extended archaeols, with a wide 
range of headgroup diversity, including PGP-Me, SG, glyco- 
and glycophosphate. Notably, typical archaeal tetraethers 
(GDGTs) were absent at higher salinities, but instead newly 
identified unsaturated GDGTs of unknown biological origin 
[4], become abundant. Their co-occurrence with isoprenoidal 
cardiolipins having multiple unsaturations suggests a similar 
physiological role for yet unassigned halophilic archaea. 

  
[1] Kates (1993) Experientia 49, 1027-1036. [2] Angelini et al 
(2011) Biochim. Biophys. Acta 1818, 1365-1373. [3] Lopalco 
et al (2013) Environ. Microbiol. 15, 1078-1087. [4] Zhu et al 
(2014) RCM under review 
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Extremophiles synthesize unique membrane lipids that 
have conceivably enabled their diversification into new 
ecological niches. For example, the presence of isoprenoidal 
glycerol dialkyl glycerol tetraether lipids (GDGTs) results in 
archaeal cell membranes with lower ion permability when 
compared to fatty acid containing bacterial lipids [1]. In this 
study, we investigated the intact polar lipid composition and 
microbial diversity of archaea and bacteria using 16S rDNA 
IonTorrent sequencing in Yellowstone National Park 
geothermal communities spanning gradients in temperature 
from 28 to 84°C and pH 1.8 to 8.7. In total, 16 environmental 
parameters were considered from these 20 sites in order to 
elucidate relationships between geochemical, community, and 
membrane lipid structural variation. 

Archaeal glycolipids were abundant in hot springs with 
elevated temperature, high conductivity, and high metal ion 
content. These glycolipids comprised GDGT and H-shaped 
GDGT core structures with up to 3 sugars and additional 
methylations in the biphytane chain [2]. Intact polar lipids 
attributable to bacteria included mainly glycolipids and 
aminolipids with either diester, diether, or mixed ester/ether 
core structures. Notably, in most hot springs archaeal and 
bacterial phospholipids comprised less than 10% of the total 
lipid composition. Shifts from phospholipids to glyco- or 
aminolipids with increasing temperature have been reported 
previously in pure cultures [3,4]. Based on the observed 
distribution patterns along geochemical gradients, we discuss 
potential physiological roles of the dominant lipid structures 
and how they may have played a role in the diversification of 
microbial populations into new geochemical realms. 
 
[1] Valentine (2007) Nat. Rev. Microbiol. 5, 316-323. [2] 
Knappy et al (2011) J. Am. Soc. Mass. Spectrom. 20, 51-59. 
[3] Shimada et al (2008) J. Bacteriol. 190, 5404-5411. [4] 
Seidel et al (2013) Org. Geochem. 59, 133-142. 
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An accurate and precise trace-element characterisation of 

USGS reference materials has been carried out using three 
different instruments: Nu Instruments AttoM, Thermo 
Scientific Element 2, and Agilent 7700 Series quadrupole. The 
six USGS reference materials are: BHVO-2, BCR-2, AGV-2, 
STM-2, RGM-2, and G-3. This set of samples includes both 
intrusive and extrusive rocks with compositions ranging from 
mafic to felsic and encompasses a wide variety of geochemical 
and trace element characteristics. The 2nd (and 3rd) generation 
of USGS reference materials was selected for use in this study 
because it is widely available and more care was taken to avoid 
contamination during sample preparation. Prior to this study, 
STM-2 and RGM-2 lacked any thorough, published 
characterisation and data for G-3 was relatively sparse. By 
using three instruments with different configurations, this 
study has produced an effective comparison of the 
performance of each instrument in response to an array of 
geologic matrices. 

The data reveal that the tested instruments are all capable 
of producing accurate and precise trace element data over a 
range of geologic matrices, provided that measures are taken to 
ensure that each instrument is operated within its dynamic 
range. In this study, this could be accomplished simply by 
ensuring proper dilution of samples. However, when matrices 
are more complex, the use of medium and high resolutions are 
necessary to reduce the amount of preparative chemistry that is 
required and the strength of isobaric interferences.  

In this study, STM-2 and G-3 present complex geologic 
matrices. These samples display high concentrations of 
interference-prone REE’s and require intensive, high-pressure 
and -temperature digestion to remove any refractory mineral 
phases that might concentrate trace elements. Depending on 
the instrument, 3 to 8 and 12 to 15 (of 40) elements displayed 
an RSD >5% for STM-2 and G-3 respectively. Simpler 
matrices, BHVO-2, BCR-2, and AGV-2, usually displayed 
RSD’s <5%, except in cases of low sample size. Overall, the 
AttoM allowed for the use of more dilute solutions and, within 
the concentration range tested, provided similar accuracy and 
precision in low resolution mode as the Element 2 and 7700 
Series quadrupole. 
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Quantifying the biogeochemical evolution of soils during 

pedogensis is an important step towards the understanding of 
the mechanistic processes involved in soil development. Soils 
of marine terraces near Santa Cruz, CA exhibit primary 
mineral weathering and increasing Fe concentration over time, 
with soil ages ranging from 60ka to 225ka. The oldest soils 
exhibit prominent reticulate mottling in the B-horizon with 
striking color segregations, here designated as gray, orange and 
white. Mottling is characterized by self-organized 
heterogeneity on a centimeter to decimeter scale. Unlike 
redoximorphic mottles, which form in carbon-rich oxygen-
poor low-lying soils, the carbon-poor Santa Cruz terrace soils 
are well oxygenated during most of the year—although 
perched water tables do form during the (Mediterranean 
climate) rainy season. The goal of this study is to deduce a 
mechanistic model of mottle formation. 

Differences in the physical and chemical characteristics 
between the various mottle zones, identified by colors, are 
indicative of the processes through which the self-organizing 
structures have formed. Separates of mottles by color have 
measurable differences in particle size, carbon content, Fe 
isotopes, specific surface area, and X-ray diffraction 
mineralogy. White and orange mottles are silty-sand in grain 
size, whereas the gray mottles have a high clay content, which 
accounts for the high surface area. The average Fe 
concentrations of the mottles are: gray 0.63%, white 1.22%, 
and orange 4.74%. The average C contents are gray 0.21%, 
white 0.08%, and orange 0.10%. Higher C content in the gray 
mottles is suggestive of more root and fungal activity in the 
gray mottles. The XRD data are consistent with the gray zone 
being highly weathered with fewer primary minerals. We 
hypothesize that development of mottling in these soils is the 
result of long term rhizogenic reactions. Root and fungal 
exuded organic acids reduce pH, mobilize Fe and other metals 
through organo-metal complexation, and begin a cascade of 
microbial and chemical reactions which over time results in 
morphological heterogeneity.  
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Large Sulfur Bacteria of the family Beggiatoaceae are 

wide spread and abundant in sulfidic sediments today and have 
been in the geological past. Their principal energy source is the 
oxidation of sulfide with oxygen or nitrate, which by itself 
implies a life in redox gradients. In spite of this unifying 
metabolism, members of this family have developed diverse 
strategies to cope with the special challenges of steep redox 
gradients. Physiologically, these adaptations to a life in redox 
gradients include the storage of electron acceptors or donors, 
chemotaxis, additional use of alternative electron acceptors or 
donors, storage and degradation of polyphosphate etc. 

Consequently, members of this family occupy an 
abundance of slightly different ecological niches, which is also 
reflected by an impressive phylogenetic and morphologic 
diversity within this family. Morphologically, most 
Beggiatoaceae are either gliding filaments or round cells, but 
variations of this basic morphologies such as bundles of 
filaments or chains of spherical cells occur. In general a 
tendency for gigantism in this family further suggests that the 
evolutionary pressure experienced by steep redox gradients 
selects for adaptations that are extremely uncommon among 
prokaryotes. In conclusion, Beggiatoaceae have found many 
different answers to the same question: How can you bring 
together toxic sulfide from a very reduced environment with a 
suitable electron acceptor found only under much more 
oxidized conditions. For some cases we think that we 
understand the strategy quite well, whereas other cases still 
remain elusive. 
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Iron formations (IFs) provide a potential window into the 
Precambrian chemical evolution of Earth's oceans and 
overlying atmosphere [1]. However, use of this information to 
infer the conditions in Earth's early oceans and atmosphere has 
been hindered by an incomplete understanding of the genesis 
of IF, the controls over the dominant Fe-bearing mineralogy 
and the processes governing their isotopic composition. 
Previous studies of IF genesis have suggested post-
depositional transformation of a ferric hydroxide precursor [2, 
3], but have not considered that the near-surface oxidation of 
an Fe-rich ocean would cause saturation of the ferrous-ferric 
hydroxysalt, green rust (GR), often at lower Fe levels than 
required for precipitation of ferric hydroxides. Preliminary 
experiments in our laboratory have demonstrated the formation 
of carbonate green rust from Precambrian-analog seawater 
solutions [4], which then transformed into the pre-
metamorphic minerologies in IFs and displayed similar 
microtextures. We suggest that formation and settling of green 
rust may have played a role in the genesis of IFs. 

In order to provide tests for our hypothesis of IF genesis 
via a green rust precursor, we explored the isotopic and trace 
element fingerprints of this process. Equilibrium synthesis of 
GR was effected by slow oxidation of a buffered solution of 
Fe(II) in the presence of bicarbonate, at a range of 
temperatures (20-60°C). The isotopic composition of the Fe 
and O in the resulting mineral were measured (by MC-ICPMS 
and laser fluorination gas-source IRMS, respectively) to give 
temperature-dependent equilibrium fractionation factors 
between GR and its parent solution. To determine kinetic 
isotope fractionations, rapid precipitation was effected by co-
precipitation of Fe(II) and Fe(III) in an unbuffered solution, 
whereby the pH was rapidly raised to the range conducive to 
GR formation (>8). Partition coefficients of trace elements (Ni, 
Zn, Cu, etc.) and PO4

3– between GR and solution were 
examined by synthesis of GR from a mother liquor containing 
the specified elements. 

Results from this study have implications on our 
understanding of Fe mineralogy and cycling in the 
Precambrian. 

 
[1] Bekker et al (2010) Econ. Geol., 105, 467-508. [2] Kappler 
et al (2005) Geology 33, 865–868. [3] Fischer and Knoll 
(2008) GSA Bull. 121, 222–235. [4] Halevy et al (2014) Min. 
Mag. this volume. 
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Woolly mammoths (Mammuthus primigenius) were 
keystone herbivores in Beringian environments. Understanding 
Beringian ecology, and associated vulnerabilities of megafauna 
to extinction threats, rests in part in comprehending the 
interactions between them and coeval species. Earlier studies 
determined that the woolly mammoth had a distinct 
physiological, dietary or habitat niche, as its collagen was 
typically enriched in 15N relative to coexisting megaherbivores 
and had similar nitrogen isotopic compositions to carnivores. 
We previously determined the source of this nitrogen isotopic 
signal to be dietary- or habitat-related by examining amino 
acid-specific isotopic compositions of woolly mammoths and 
coeval species from Old Crow, Yukon Territory, Canada. 
Adult woolly mammoth collagen contains source amino acids 
with higher δ15N values than other herbivores or carnivores. 
Thus, the high mammoth collagen δ15N values indicate 
consumption of 15N-enriched vegetation, the origin(s) of which 
remains uncertain (possibilities include aridity, dung 
fertilization, plant selection, plant-part selection, aeolian 
nitrogen deposition). We then compared the extent of overlap 
between the δ15N values of woolly mammoths and coeval 
herbivores in Yakutia (Russia), Alaska (USA), the Yukon 
(Canada) and Alberta (Canada). The degree of overlap 
increased moving south, indicating that environmental effects 
(e.g. the length of the growing season) affected the extent of 
niche overlap. This distinct niche in severe climates, combined 
with the mammoths’ ability to adapt to different environmental 
conditions, suggests that these animals showed resilience in the 
face of climate change alone. Mammoths may have been more 
vulnerable to extirpation when they encountered a 
simultaneous combination of climate change and human 
predation. 
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Carbon Capture and Storage (CCS) will play a key role in 

reducing anthropogenic CO2 emmissions. To satisfy regulatory 
requirements and auditing we need to be able to predict the 
fate of the CO2 within geological resevoirs over the ~10,000 
years storage times. Trapping mechanisms change through 
time, but the timescales of these changes are poorly 
constrained. We also need to understand the mechanisms 
which control CO2 flow up potential leakage pathways so that 
their potential impact may be evaluated and remediation 
implemented. 

The Colorado plateau contains multiple accumulations of 
CO2 which have been securely stored for 104-106 years. At 
Green River (UT) CO2 enriched fluids leak up the damaged 
zone of a fault in the core of an anticlinal trap, resulting in the 
deposition of travertine mounds and aragonite veins at the 
surface. This natural analogue allows us to investigate the 
processes which occur as CO2 escapes up fault systems.  

The travertines preserve a record of these processes over at 
least ~400 kyr [1]. The U-Th geochronology, combined with 
travertine chemistry, shows that deposition is pulsed: the 
greatest rates of formation coincide with the termination of 
glacial periods [2]. This study is recovering the high resolution 
time records available from individual veins which allow us to 
describe the evolution of individual degassing events. Our 
preliminary U-Th data finds that veins within the mounds 
typically form for periods of 1 to 3 (±0.2) kyr. The position of 
these veins and mounds, migrate through time, and suggest 
that leakage pathways themselves are transient. 
 
[1] Burnside, Shipton, Dockrill, & Ellam, (2013) Geology 41, 
471–474. [2] Kampman, Burnside, Shipton, Chapman, Nicholl, 
Ellam & Bickle (2012) Nat. Geosci. 5, 352–358 
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The rare earth elements (REE) have potential as tracers of 
process and provenance in the ocean. They show similar 
characteristics to micronutrients but are not biologically 
utilised, so offer insight into the abiogenic cycling of these 
elements. Patterns within the relative concentration of the REE 
can fingerprint sources of metals to the oceans. Although REEs 
can now be routinely measured on small volumes of water, 
their potential has not been widely explored, largely because of 
a lack of quantitative understanding of their chemical cycling 
in the ocean.  

In this study we use a deconvolution approach (OMP) to 
assess the extent of non-conservative behaviour of the REEs 
and to quantify their removal/addition. We pursue this 
approach using full-water-column dissolved-REE 
measurements from two UK-GEOTRACES cruises (JC068 
and D357). This data provides a zonal section across the South 
Atlantic at 40°S, sampling all the major deep-water masses of 
the Atlantic. 

We separate the extent to which the distribution of REE 
concentrations is due to preformed versus non-conservative 
behaviour. Monte-Carlo simulations indicate the level of 
uncertainty in these fractions, and their spatial patterns. 
Because scavenging intensity is relatively stronger for light 
REE (LREE) than for heavy REE (HREE), the preformed 
contribution is relatively greater for the HREE than for LREE. 
The distribution of the HREE is thus more closely associated 
with the hydrography than that of the LREE. Overall, roughly 
80-90% of the REE concentration in the deep South Atlantic is 
preformed.  

We also contrast the REE patterns of these new 40°S 
analyses with results from the CoFeMUG section (10°S), 
which allows investigation of changes in REE concentration 
along water mass flow paths. 
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The Athabasca basin plays host to a number of high-grade 

unconformity-type uranium deposits, which were formed via 
the interaction of oxidizing basinal brines that transport 
uranium and a reducing fluid or lithology that precipitates 
uranium. These deposits are associated with a highly calcic 
brine, which is thought to have been formed from evaportated 
sea water travelling through basement faults and undergoing 
extensive fluid rock interactions. Large amounts of brine are 
required to pass near the unconformity in order to form such 
high grade deposits, although the fluid flow mechanism in the 
Athabasca basin is not completely understood at this time. 

A detailed petrographic and geothermometric (fluid 
inclusion and illite geothermometry) study of the Rumpel Lake 
drill core, located in the central part of the Athabasca basin, 
was undertaken to constrain the composition and temperature 
of the basinal fluids with depth away from the site of any 
known mineralization. Homogenization temperatures of fluid 
inclusions located in early syntaxial quartz overgrowths 
indicate that the thermal profile does not conform to a linear 
increase of temperature with depth, but shows a wide range of 
temperatures that reach a maximum near the central part of the 
stratigraphy (approximately 350°C). In contrast, illite 
geothermometry (diagenetically late) shows a restricted linear 
range of temperatures from 200°C to 250°C. Ice-melting 
temperatures indicate the presence of three types of fluids: a 
low-salinity fluid (ice-melting temperatures of -2°C to -6°C), a 
sodium-rich brine (ice-melting temperatures of -16.5°C to -
21°C), and a calcium-rich brine (ice-melting temperatures of -
24°C to -50°C). Of all three fluid types, the calcium-rich brine 
is the most abundant and occurs throughout the stratigraphy. 

The results of this study suggest that some calcium-rich 
brine may have been developed within the basin, probably 
through fluid-rock interactions between initially sodium-rich 
brine and calcium-bearing minerals in the sedimentary rocks. 
The abnormal fluid temperatures and thermal gradients may 
indicate that the basinal fluids underwent thermal convection, 
which may have been the driving force for fluid flow 
responsible for uranium mineralization. 
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Hydration of mantle peridotites on the ocean floor 

produces hydrogen (protons), which is a key enabling 
constituent for life. The source of hydrogen in these fluids is 
oxidation of Fe2+ during hydration of olivine. In this study we 
measured Fe isotopes in mineral separates from a partially 
serpentinized harzburgite from New Caledonia to better 
understand mobilization and oxidation of Fe during the 
serpentinization process. Isotopic data demonstrate that Fe 
isotopes fractionate during serpentinization and indicate the 
existence of a positive Fe isotopic reservoir in the oceanic 
crust. Petrographic and geochemical work on the rock chosen 
for this study places additional constraints on Fe isotopic 
measurements, and reveals the presence of magnetite- barren 
(type 1) serpentine veins and magnetite-bearing (type 2) 
serpentine veins (with native Fe-Ni alloys). Olivine and 
pyroxene in the protolith possess δ56Fe values within error of 
0.0 ‰. Type 2 serpentine veins possess negative δ56Fe (~ -0.33 
‰), while magnetite and awaruite contain positive δ56Fe (~ 
0.75 ‰ and ~ 0.35 ‰, respectively). Mixing relationships 
between phases involved in type 2 vein formation indicate that 
Fe in serpentine and magnetite can be explained by closed-
system redistribution of Fe from olivine. Awaruite cannot be 
explained by this trend, and is inferred to represent the positive 
Fe isotopic complement to negative isotopic Fe observed in 
hydrothermal vent fluids. 
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The details of triggering processes which lead to volcanic 

eruptions at arcs remain a topic of intense debate. We address 
the issue by examining the Chaos Crags at the Lassen Volcanic 
Center, a group of six rhyodacite lava domes that carry 
spherical to ellipsoidal basaltic-andesitic enclaves. Domes A & 
B (Group 1) contain 69.5-70% SiO2 and up to a few % 
enclaves. Domes C-F (Group 2) contain 66-68% SiO2 and 10-
15% enclaves. 

Vesicularity and mineral and whole rock compositions 
over the entire eruption sequence are examined, with specific 
attention given to enclave cores and rims. Mineral-melt 
equilibria are used to calculate crystallization T and P, which 
are used to estimate ρ and η values for enclaves and host lavas. 
VSD methods were used to determine percent vesicularity. 
Group 1 lava and enclave compositions demonstrate 
discontinuous and incomplete mixing; Group 2 lavas and 
enclaves are similar, except that a few enclaves define a 
distinct K-enrichment trend. The majority of enclaves are 
concentrically zoned with respect to vesicularity, composition, 
and texture. Histograms of An components show that enclaves 
are more greatly contaminated by the host than vice versa; 
Group 1 enclaves are also less contaminated than Group 2 
enclaves. Temperature of the mafic magma prior to mixing is 
1100±50°C, and it contained ol, plag, and cpx. Cpx-liquid 
geobarometry indicates that mafic magma originated at P=11.8 
± 1.4 kbar, and ascended to pressures of ~1-2 kbar. Vesicle 
populations show significant decreases in percent vesicularity 
(6%-250%) between enclave cores and rims. A population of 
vesicles identified in some enclaves does not conform to either 
traditional VSD trends or an inverse-arctangent nucleation and 
growth trend; this population is inferred to be a pre-eruptive 
vesicle population. 

We present a magma mixing, enclave formation, and 
eruption triggering model for the Chaos Crags which accounts 
for the observed variations in eruptive products and 
heterogeneities within the chamber and over the eruption 
sequence. 
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The effects of water concentration and degassing history 

on the development of spherulites and flow banding were 
examined in three middle Tertiary rhyolitic lava flows from the 
Atascosa Mountains of southern Arizona. Two of these lavas 
host spherulites of strongly contrasting texture, and neither are 
flow banded. The third is a flow banded rhyolite that hosts two 
populations of spherulites. In some cases, spherulites consist of 
two to four generations of bladed radiating alkali feldspar 
crystals that increase in water concentration along their length. 
Differences in spherulite crystal morphology (needle-like vs 
bladed) reflect differences in cooling rates. Thick gray flow 
bands in the the banded lava flow host higher water 
concentrations than thin orange flow bands, suggesting that 
flow bands are zones of greater and lesser volatile 
concentration, deformed by stretching of the flowing magma. 
Calculation of water concentration profiles in spherulites from 
all three rhyolite flows shows that the very high water 
concentrations in spherulites (typically >0.6 * water 
concentration in surrounding glass) cannot be accounted for by 
Rayleigh fractionation. Instead, sanidine incorporated water as 
fluid inclusions and/or as ‘water clusters’during rapid crystal 
growth. Water concentration profiles in the glass surrounding 
spherulites do not preserve the high concentration zone at the 
spherulite boundary that has been observed in younger lava 
flows. Rather, the water concentration profile in the 
surrounding glass is a half plateau, the height of which is 
approximately equivalent to the far field water concentration in 
the surrounding glass, indicating that water that accumulated at 
the spherulite/magma boundary diffused sufficiently rapidly to 
equilibrate with the surrounding magma as the lava flow 
cooled. 
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Cox’s Bazar paleobeach (backdune area) and its 
surrounding area have been extensively utilizing pumped water 
from the subsurface aquifers to meet the demand for thousands 
of tourists along with domestic, aquaculture and agricultural 
purposes. A total of 105 groundwater drinking water samples 
collected from different depths of tubewells and analyzed 
using ICP-MS. Geochemical and mineralogical investigations 
were also carried out on the continuous core sediments (up to 
18.9m depth). 

Results show that shallow tubewells within the depth range 
of 25m waters are contaminated with radioactive heavy metals 
with the maximum concentration of 9.70ppb of U and 
127.10ppb of Th. It appears that about 4% of studied tubewells 
exceed the WHO (1998) guideline 2.0ppb of U, but Th does 
not have WHO health-based drinking water guidelines. U and 
Th rich groundwater occurred in the high Eh (0.35-0.5V), and 
found in pH (6.6-7.5) and (8.0-8.5) respectively. U and Th are 
correlated with alkalinity (1.24-13.12 meq/l), Ce (0.01- 
9.89ppb) and an inversely with Pb (0.03-80.40 ppb). Elevated 
levels of total U (1.1-33.4mg/kg) and Th (6.3 -202.3mg/kg) are 
found in core sediments, which are also enriched with 
monazite (2.36wt.%) and zircon (3.28wt.%) found in organic-
rich fine to very fine-grained sand sediments (up to 1.2m 
depth). In addition, monazite and zircon itself resulted to 
relatively rich in Th (3395.9-3937.5mg/kg) and U (850.7-
990.6mg/kg), and Th (275.5-318.4mg/kg) and U (256.3-
290.5mg/kg) respectively. Results of environmental stable 
isotopes (δ2H and δ18O) indicate the rapid infiltration and 
recent recharge of surface water without significant effects of 
evaporation in groundwater. 

Studies suggest that solubility of U and Th bearing 
minerals by carbonate complexation and predicted that 
successive recoils of U and Th. It is possible that the causes of 
the high level of Th and U in groundwater are leaching from 
naturally occurring radioactive monazite and zircon. Landuse 
changes, and the resulting changes in the hydrological 
conditions in soils and aquifers, might adversely influence to 
release the Th and U levels in groundwater in the area studied.  
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Airborne remote sensing measurements provide a valuable 
tool in constraining regional models, a link between in-situ 
measurements and space-borne observations, and a way to 
asess effects of source emissions and long-range transport on 
atmospheric composition. In this work we use airborne remote 
sensing measurements of aerosol optical depth (AOD), ozone 
(O3), nitrogen dioxide (NO2) and columnar water vapor 
(CWV) combined with a regional chemical transport model to 
assess emissions and transport of the atmospheric constituents, 
and explore the use of satellite and surface-based remote 
sensing observations for these applications. Our measurements 
by the newly developed hyperspectral sun-sky photometer 
(4STAR) aboard the DOE G-1 aircraft off the US East Coast 
during the TCAP (Two Column Aerosol Project) campaign 
yielded good agreement with collocated in-situ, ground-based 
and space-borne observations [1,2]. Simple unsupervised 
cluster analysis of the derived 4STAR products [2] show 
differences in atmospheric composition related to upper 
tropospheric pollution layers transported from Mid-Western 
US and Canada, confirmed by back-trajectory and in-situ 
aerosol composition analysis. We compare vertically resolved 
amounts of aerosol, O3, NO2 and CWV with a high spatial 
resolution regional WRF-Chem model simulations for the 
TCAP summer phase (July 2012). We relate the measurements 
with pollution sources, transport and aging processes attributed 
by the model, aided by aerosol compositional analysis 
performed by aerosol mass spectrometer (AMS) aboard the G-
1. Finally, we will discuss how these analysis techniques may 
be applied to satellite and surface-based remote sensing. 
 
[1] Shinozuka, Y., et al JGR, Vol. 188, 1-15, 2013, [2] Segal-
Rosenheimer, M., et al JGR, Accepted, 2014 
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Polymetallic Ag-Sn-base metal vein-type and Sn-W-Li-F-
sulfide polymetallic deposits are among the most important 
hosts for economic In mineralization. A world-class reference 
area for both deposit types is the Erzgebirge-Vogtland-Krušné 
hory-Slavkovský les metallogenic province (D, CZ) in the 
eastern part of the Saxo-Thuringian zone in the internal Mid-
European Variscides [1]. The Ag-rich polymetallic veins in the 
Kutná Hora district (CZ), located in the Moldanubian zone [2], 
are mineralogical and geochemical similar to Ag-Sn-base 
metal sulfide veins in the Erzgebirge.  

The known In resources in the Erzgebirge-Krušné hory 
area (c. 1.5 kt) are connected with late-Variscan (320-290 Ma) 
Sn-F(-Li) sulfide polymetallic skarn- and greisen-type 
mineralization (e.g., Pöhla and Ehrenfriedersdorf district [3, 
4]) and Ag(-Au)-Sn-base metal sulfide vein-type 
mineralization (e.g., Freiberg, Marienberg, Annaberg, and 
Hora Svaté Kateriny district [5, 6]). In the Erzgebirge and in 
the Kutná Hora district primarily gneiss-hosted compact 
polymetallic veins and vein-type metasomatites with relatively 
high proportion of Fe-rich sphalerite (with cy-diseases), 
chalcopyrite (cy), stannite, fahlore, and cassiterite show high 
In contents in sphalerite (range: 0.001-2.5 wt.%, average: 0.03-
0.3 wt.%) and bulk ore samples (range: 0.001-0.3 wt.%, 
average 0.03 wt.%).  

The deposition of In and other rare metals (Sn, W, Mo, Sc, 
Ag) in the Erzgebirge and Kutná Hora province/district is 
probably associated with the emplacement of post-collisional, 
volatile-rich lamprophyric intrusions and Sn-F-rhyolites in 
times of intracontinental rifting and related fast extension [7]. 
This fact and the rare metal (In, Mo, Re) high-T mineralization 
of the Kudryavy andesite-basalt volcano (Kuril Island Arc, 
Russia [8]) show that In-enriched mineralization indicate a 
mantle-derived rare-metal source. 
 
[1] Baumann et al (2000) Ore deposits of the Erzgebirge, 
Enke. [2] Bernard & Škvor (1980) Econ Geol 75, 251-259. [3] 
Hiller & Schuppan (2012) Bergbau in Sachsen 17. [4] Jung & 
Seifert (1996) Freib. Forschungsh. C 467, 131-150. [5] Seifert 
(1994) Diss. TUBA Freiberg. DHS 2332 Frankfurt (1996). [6] 
Seifert & Sandmann (2006) Ore Geol Rev 28, 1-31. [7] Seifert 
(2008) Metallogeny of Lamprophyres. IOS Press. [8] 
Chaplygin et al (2005) Can. Mineral. 43, 695-701. 
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D-ribose is an essential biomolecule, a monosaccharide 

that forms part of the backbone of RNA and is related to 
deoxyribose found in DNA. The volumetric properties of 
dilute aqueous solutions of ribose were measured using an 
Anton Paar DMA HP vibrating tube densimeter. 
Reproducibility of the density measurements was <±0.0001 
g·mol-3. Figure 1 shows that there is excellent agreement 
between our experimentally determined partial molar volumes 
at infinite dilution (V∞) of D-ribose and values previously 
published [1-5]. Fig. 1 shows that V∞ varies as a function of T 
but is relatively insensitive to P up to 50.0 MPa. We note that 
these data signifcantly extend the experimental database for D-
ribose to 413.13 K at a range of pressures. These data provide 
constraints on the stability of biomolecules at elevated 
temperatures and pressures. 

 
Figure 1. Experimentally determined values of V∞ of D-ribose 
in aqueous solutions at 293.15-413.15 K and 0.10 MPa 
(slightly higher P at T ≥373.15K) and 50.00 MPa from this 
study and V∞ from previous studies at pressures near 0.10 MPa. 
The error bars represent the estimated uncertainty of ±1.0 
cm3·mol-1 
 
[1] Paljk et al (1990) J. Chem. Eng. Data 35, 41-43. [2] 
Banipal et al (1997) J. Chem. Soc. Faraday Trans. 93, 81-87. 
[3] Chalikian (1998) J. Phys. Chem. B 102, 6921-6926. [4] 
Uedaira (1985) J. Sol. Chem. 14, 27-34. [5] Jasra & Ahluwalia 
(1984) J. Chem. Thermodynam. 16, 583-590. 
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Accurate and reliable data of halogen abundance have been 

rarely reported for terrestrial samples, such as crustal rocks and 
mantle materials. Since halogens differ in volatility from 
element to element, their content and relative abundance are 
highly informative when discussing the petrogenesis of such 
samples. Among the halogens, iodine is important element in 
discussion of the geochemical circulation in the earth’s surface, 
oceanic crust, continental crust, and mantle [1]. Simply, the 
scarcity of reliable data for terrestrial rock samples prevents 
the geochemical discussion of halogens. 

There is a shortage of accurate and reliable data of 
halogens even for geological reference rocks, as can be 
witnessed in the data libraries, where only preferable, not 
certified, values and, for some rocks, no values are listed. This 
deficit must be largely due to the difficulty in determining 
trace amounts of halogens within these samples. Recently, we 
have improved the radiochemical neutron activation analysis 
(RNAA) procedure for trace amounts of halogens (Cl, Br and 
I), and demonstrated that our RNAA data for Br and I are more 
reliable and accurate than the data obtained by inductively 
coupled plasma mass spectrometry (ICP-MS) coupled with 
pyrohydrolysis preconcentration [2].  

In this study, our RNAA procedure was applied to 16 U.S. 
Geological Survey (USGS) geochemical reference materials 
(listed in Table 1), where certified values of halogens have 
never been reported. We will present reliable data for three 
halogens in 16 USGS reference materials. 
Table 1: USGS geochemical reference materials analyzed in 
this study. 
 

 
 
 
 
 
 
 
 

 
[1] Deruelle et al (1992) EPSL 108, 217−227. [2] Sekimoto & 
Ebihara (2013) Anal. Chem. 85, 6336-6341. 
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A controversial issue in Earth science is the change of δ18O 
and/or temperature of seawater throughout the past 4 Gyrs. 
Oxygen isotope studies of ancient marine chemical sediments 
suggest that the ancient oceans were either very hot (up to 
80°C; [1]) or had a low δ18O (e.g. –12‰; [2]). Alternatively, 
low δ18O values are a result of diagenesis [3]. We address this 
classical problem using high-precision triple O isotope ratios 
of cherts. Recently, [4] resolved mass-dependent variations in 
Δ17O in terrestrial rocks that are related to high- and low-T 
fractionation processes and reservoir mixing. 

We analyzed Archaean, Proterozoic, Phanerozoic and 
modern cherts from different locations. We have reacted these 
cherts with BrF5 in Ni bombs and measured the liberated 
oxygen in dual inlet mode of MAT253 mass spectrometer. The 
precision in Δ17O was about ±10–15 ppm; a little lower than 
what can be obtained by laser fluorination of silicates and 
oxides [4]. 

The Archaean cherts are found to have δ18O of ~ 16‰ and 
a Δ17O of ~ –150 ppm (see [4] for definition of Δ17O). 
Phanerozoic cherts have δ18O of about +30‰ and Δ17O around 
–250 ppm. The composition of the Proterozoic cherts falls in 
between these two in the triple isotope space. 

We will discuss the results with respect to the temperature 
and δ18O of Precambrian and Archaean seawater. 
 
[1] Knauth and Epstein (1976) GCA 40, 1095–1108. [2] Perry 
(1967) EPSL 3, 62–66. [3] Degens and Epstein (1962) Bull. 
Am. Assoc. Petrol. Geol. 46, 534–542. [4] Pack and Herwartz 
(2014) EPSL 390, 138-145. 
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The oxidation of dissolved Fe(II) in oxygenated water 

leads to the formation of amorphous to poorly-crystalline 
Fe(III)-precipitates that profoundly impact the fate of nutrients 
and contaminants in natural and engineered aquatic systems. In 
previous work, we found that dissolved phosphate (P), silicate 
(Si) and Ca strongly influence the structure of Fe(III)-
precipitates [1]. In this continuing study, we quantified the 
interdependent effects of P, Si and Ca on the structure, 
composition and arsenate (As(V)) uptake of Fe(III)-
precipitates following a multifactorial approach with 72 
treatments. The precipitates were formed by oxidation of 
0.5 mM Fe(II) at 12 P/Fe ratios from 0 to 2 in aerated 8 mM 
bicarbonate-buffered (pH 7.0) electrolyte containing 7 µM 
As(V), with 8 mM Na, 4 mM Ca, 4 mM Mg or 7 mM Na + 
0.5 mM Ca as electrolyte cations. Additional experiments in 
Na and Ca electrolyte were performed in the presence of 
0.5 mM Si. After complete Fe oxidation and precipitation 
(4 h), unfiltered and filtered solutions were collected for ICP-
MS and dried precipitates for Fe K-edge XAS analysis. 

The evaluation of the 72 Fe XAS spectra by linear 
combination fitting (LCF) revealed gradual variations in 
precipitate structure between the endmembers lepidocrocite, 
hydrous ferric oxide (HFO) and amorphous Fe(III)-phosphate 
as a function of P/Fe ratio, electrolyte cation and presence of 
Si. Enhanced co-precipitation of P in Ca-containing 
electrolytes could be attributed to electrostatic effects as well 
as formation of mixed Ca-Fe(III)-phosphate in which the 
Fe(III)-octahedra exhibited enhanced mitridatite-like corner- 
and edge-sharing linkage. By combining ICP-MS and LCF 
results, the characteristic P/Fe ratios of HFO and Fe(III)-
phosphate formed in different electrolytes were derived. 
Depending on initial P/Fe ratios and type of electrolyte cation 
and thus precipitate type, dissolved As(V) concentrations 
varied by up to 3 orders of magnitude. These results provide 
insight into the link between water chemistry and the structure 
and reactivity of Fe(III)-precipitates that is essential to assess 
the dynamics of As and other trace elements in natural aquatic 
systems and water treatment. 

 
[1] Voegelin et al Geochim. Cosmochim. Acta 74, 164, 2010. 
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The platinum group element (PGE) concentrations of polar 
ice are extremely low (10-15g/g), requiring their 
preconcentration by drying large volumes of sample prior to 
analysis using an ICP-MS. The extant procedures [1-3], 
however, do not permit determination of Os and Os isotopes 
that in combination with other PGEs are powerful tracers of 
various terrestrial and extra-terrestrial sources [4]. Moreover, 
they cannot be used to determine PGE contents of sea ice, 
which may contain up to 1.5% of seasalt: presence of Na+ in 
plasma leads to significant suppression of the ion beams and in 
worse cases would clog-up the nebulizer. Here, an improved 
analytical method is presented that allows us to measure Os 
isotope ratios and Os, Ir, Pt, and Pd concentrations in the same 
sample aliquot of sea ice.  

Samples collected from the Ross Sea (CORSACS II cruise) 
were spiked with 191Ir, 106Pd, 190Os, and 198Pt spikes and frozen 
at -20 °C in quartz-glass ampoules. They were then oxidized at 
300 °C using a mixture of HNO3 and H2O2 in a high pressure 
asher [4,5]. The resulting OsO4 was separated and purified 
using distillation and Os isotopes measured with Dartmouth 
Triton using N-TIMS following the procedure given in [6]. 
The water remaing after distllation was dried and PGEs 
separated from seasalt using cation exchange column 
chromatorgrphy. The PGE concentrations were then 
determined by isotope dilution using Thermo Finnigan 
Element 2 coupled to a highly sensitive APEX nebulizer. 
Indium was used as an internal standard to assess any 
remaining signal supression. Oxide formation was < 0.5% for 
HfO. Potential interference masses were monitored and 
corrections applied when necessary. This method can be 
extended to obtain PGEs and Os isotopes in sample of polar 
ice cores, where sample volumes are limted. 
 
[1] Gabrielli et al (2004) JAAS. 19, 831-837. [2] Soyol-Erdene 
et al (2011) ES&T 45, 5929-5935. [3] Petaev et al (2013) 
PNAS 110, 12917-12920. [4] Chen & Sharma (2009) Anal. 
Chem. 81, 5400-5406. [5] Chen et al (2009) PNAS 106, 7724-
7728. [6] Paul et al (2009) Chem. Geol. 258, 136-144 
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Determinations of halogen elements such as F, Cl, Br, and 
I in volcanic rocks might be the key to understand “volatility” 
of volcanic eruptions and mantle dynamics of the Earth. Since 
the micro-analysis of anion in volcanic rocks is not well 
established compared to the “conventional” cation analysis, the 
geochemical behavior of halogens in solid Earth have been 
poorly understood. SIMS (Secondary Ion Mass Spectrometry) 
microanalysis of halogen in basaltic glass recovered from the 
KR1 Antarctic mid-ocean ridge (MOR), eastern end of Indian-
Australian ridge, was attempted to understand the volatile 
behaviors in the mantle underneath the MOR. 

The basaltic glasses contain minor plagioclase and olivine 
phenocrysts. For the SIMS halogen determination in the 
basaltic glasses, we characterized silicate glasses for the 
external Standard Reference Material (SRM). We tested 
qualitative halogen analysis of conventional SRMs such as 
BCR glass, NIST glass and the Antarctic MOR basaltic glass. 
The SIMS transient signals indicate that the conventional BCR 
and NIST glasses contain F, Cl, a little Br, but no I (below 
detection limit). The Antarctic basaltic glass contains all the 
halogen elements, and this indicates a possibility of 
quantitative determination of halogens in the natural basaltic 
glass, if we have well characterized external SRM.  

Micro-analysis of halogens in the glassy earth materials 
will be applied to the study of mineral zonations and melt 
inclusions. For the future quantifications of halogens in natural 
glasses, we are synthesizing halogen-rich basaltic glass. 
Halogen contents and homogeneity will be characterized for an 
external SRM. 
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Sulfur is an important constituent of many natural and 

anthropogenic organic compounds. Measurements of the sulfur 
isotope composition in solids and liquids are potentially very 
useful for tracing the origin of organic compounds and the 
processes that have affected them. The conventional approach 
to the sulfur isotope analysis of organic materials is based on 
their combustion to SO2 in an elemental analyzer (EA), 
followed by measurement of 34S/32S in a gas source isotope 
ratio mass spectrometer. This analysis is limited to milligram 
quantities of materials. However sometimes it is necessary to 
measure δ34S in amino acids and nucleotides of smaller 
amount. Our system makes it possible to carry out 34S analysis 
of analytes containing 0.1-1 nmol S. 

A high temperature electrochemical solid electrolyte 
reactor (SER) based on stabilized zirconium dioxide 
(0.9ZrO2·0.1Y2O3) has been designed for oxidation of 
nonvolatile organic compoundes and is introduced in a 
continuous-flow isotope-ratio mass spectrometry (CF-IRMS) 
system. The working temperature of the micro-reactor is ~950 
°C. The SER is made of tubular, thin-walled zirconia ceramics 
with inner diameter of 1 mm and of 10 cm total length. 
Depending on the value of the working electrode potential, 
SER can work in oxidation or reduction mode [1, 2]. The 
designed device is coupled to the Delta Plus isotope ratio mass 
spectrometer via Combustion ׀׀׀. It is composed of a sample inlet 
system, micro-reactor, 6-port Valco valves and cryogenic trap. 

At present experimental device is being in the process of 
testing to determine its analytical performance for δ34S and 
δ13C analysis. Later on, in our device, a laser ablation system 
will be used as the sample inlet system. We hope that our new 
method with the use of SER will have extensive application in 
organic geochemistry. 
 
[1] Galimov (2009) Rapid Commun. Mass Spectrom. 23, 2461-
2466. [2] Sevastyanov (2012) Rapid Commun. Mass Spectrom. 
26, 2584-2590. 
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Arsenic is a ubiquitous element in soils worldwide and has 
the potential to negatively impact human and ecosystem health 
under certain biogeochemical conditions. While arsenic is 
relatively immobile in most oxidized soils due to a high 
affinity for soil solids, arsenic becomes mobilized under 
reduced soil conditions due to the reductive dissolution of 
iron(III) oxides thereby releasing soil-bound arsenic. Since 
arsenic is a well-known carcinogen, this plant-soil process has 
the potential to negatively impact the lives of billions of rice 
consumers worldwide upon plant uptake and grain storage of 
released arsenic.  

One proposed strategy to decrease arsenic uptake by rice 
plants is via an increase in dissolved silicon in paddy soil 
solution (pore-water), since silicic acid and arsenous acid share 
an uptake pathway. However, several soil processes that 
influence arsenic cycling may be affected by silicon including 
desorption from bulk soil, formation and mineralogy of 
iron(III) oxide plaque, and adsorption/desorption onto/from 
iron plaque; the effect of silicon on these soil processes will 
ultimately dictate the effectiveness of altered dissolved silicon 
in decreasing arsenic uptake at the root, which in turn dictates 
the concentration of arsenic found in grains. Furthermore, the 
source of silicon may impact carbon cycling and, in particular, 
methane emissions.  

Here, impacts of altered dissolved silicon on processes that 
affect rhizospheric biogeochemical cycling of arsenic and 
subsequent plant-uptake, and how it influences other 
biogeochemical cycles such as carbon and iron are 
investigated. We show that silicon can decrease arsenic uptake 
and grain storage under certain conditions, and that altered 
silicon affects the type of iron (III) oxide that comprises iron 
plaque.  
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Recent investigations of hydrothermal systems at mid-

ocean ridges have confirmed that magmatic and tectonic 
processes play a key role in vent fluid composition, as well as 
duration and style of venting. At fast-spreading ridges (e.g., 
EPR 9˚N) the existence of shallow axial magma chambers 
limit depth of fluid circulation, while high thermal gradients 
enhance phase separation effects, with profound implications 
for the chemical composition of hydrothermal vent fluids. This 
is especially apparent in the immediate aftermath of eruptive 
events, where temperature and pressure extrema can cause 
large depletions in vent fluid chlorinity and increases in Fe/Cl, 
Fe/Mn ratios, and dissolved gas (H2, H2S, and CO2) 
concentrations [1]. In contrast, hydrothermal vent fluids on the 
tectonically active Mid-Atlantic Ridge (slow-spreading) 
suggest very different compositional controls, in part due to 
reaction of seawater with gabbroic and ultramafic rocks 
facilitated by low-angle detachment faults. The Rainbow 
hydrothermal system (36°N, MAR) is an especially good 
example. Here, vent fluids reveal high dissolved 
concentrations of Fe, H2, Cl, moderate dissolved Si, and 
complex hydrocarbons. Calculations indicate that chlorite-
tremolite-talc-magnetite alteration likely contributes to the 
buffering of pH and redox chemistry, although geochemical 
controls on the mechanism of carbon reduction reactions, and 
brine formation, are less clear. Heat and chemical fluxes 
measured for Rainbow vents, confirm an unusually long-lived 
and stable system [3,4]. Hydrothermal processes associated 
with both basalt and ultramafic-hosted systems would benefit 
from long-term monitoring with newly developed chemical 
and physical sensors. There is also need for thermodynamic 
data at near-critical conditions (NaCl-H2O), since these 
conditions play such an important role in governing mass 
transport processes. 
 
[1] Pester et al (2014) Geology (in-press). [2] Seyfried et al 
(2011) GCA, 75, 1574-1593. [3] Cave, et al (2002) GCA 66, 
1905-1923. [4] German et al (2010) Deep Sea Res (I), 57, 518-
527. 
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There has been enormous progress in the non-traditional 

stable isotope community in the past 15 years. Natural samples 
from almost every setting imaginable have been analysed, 
along with extra-terrestrial samples, biological samples, and 
experiments. An ever-increasing database has emerged. 
However, what is missing is a more systematic understanding 
of how and why these seen fractionations are formed. 
Experiments are key to understanding the mechansims behind 
the fractionations seen in nature and calculated in models. 
While the experiments are technically challenging as 
equilibrium and kinetic processes are hard to disentangle in 
such small samples, an enormous amount has been learned in 
the past few years. To date, experiments have been conducted 
to probe the Fe, Si, Mo, Mg, S, Ni, C, V and Ag isotope 
systems. While some of the results are contradictory, it is clear 
that stable isotopes can and do fractionate at high pressure and 
temperature and that experiments are central to figuring out 
why.  

In this study, we aim to study the mechanisms responsible 
for Fe stable isotope fractionation at high pressure and 
temperature in order to understand more about the formation of 
the Earth and its differentiation. The motivation for this work 
is two-fold. Fundamentally, it is important to understand what 
mechanisms are responsible for the iron isotope fractionations 
found in nature. On the other hand, we will also be able to start 
to systematically independently determine the identity of the 
light elements in the core and the physical conditions and 
mechanisms of Earth’s differentiation.  

All of our experiments are conducted in a piston cyinder 
apparatus at temperatures ranging between 1600 – 1900°C and 
utilize the three-isotope technique as a means of demonstrating 
equilibrium conditions. Our new data present evidence that the 
composition of the metallic alloy influences the iron isotope 
fractionation between metal and silicate in the Fe - C, Si or S 
system. This result implies that the amount of light elements in 
a core should influence the extent of equilibrium iron isotope 
fractionation measured in samples of the mantle. We also 
present experimental evidence for the fractionation between 
olivine and metal in order to better understand the formation 
and thermal history of pallasite meteorites. 
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It has been hypothesized that iron isotopes can provide 

information on high pressure and temperature processes that 
occurred on Earth and other planetary bodies [1]. Previous 
work has focused on low pressure experiments [e.g. 2] or on 
reanalyzing previous 57Fe vibrational density of states spectra 
determined by nuclear resonant inelastic X-ray scattering 
(NRIXS) [1]. However the applicability of these experiments 
and the reanalysis of NRIXS spectra have been questioned 
[3,4]. Here we present new high presure 57Fe NRIXS spectra 
obtained at beamline 16 ID-D (HPCAT) of the Advanced 
Photon Source, Argonne National Laboratory in order to better 
understand the effect that pressure has on iron isotope 
fractionation. We will present the force constants and 
calculated beta factors for Fe in FeO, Fe3C and FeS at several 
pressures.  

We conducted experiments in a panaromic-type diamond 
anvil cell using 100% 57Fe enriched samples. NRIXS spectra 
were collected by tuning the x-ray energy range within ± 120 
to 180 meV around the 57Fe nuclear transition energy. The 
spectra were analyzed using the PHOENIX program [5] to 
obtain the phonon density of states and the force constants. 
The iron isotope fractionation factors were then calculated 
using several methods and compared to previous results [3,6].  

There are slight differences in the solutions depending on 
the method used to calculate the beta factors. However, the 
data for FeO at 5, 20, 25 and 40 GPa show a clear pressure 
dependence of the beta factor for Fe. We find that extreme 
pressure conditions do in fact have an effect on the iron isotope 
fractionation factors and should be considered in models used 
to understand planetary scale iron isotope ratios. 

 
[1] Polyakov (2009) Science 323, 912-914. [2] Poitrasson et al 
(2009) EPSL 278, 376-385. [3] Dauphas et al (2012) GCA 94, 
254-275. [4] Shahar et al (2014) In Press. [5] Sturhahn (2000) 
Hyperfine Interact. 125, 149-172. [6]Murphy et al (2013) JGR 
118, 1999-2016. 
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Dolomites were important Mg sinks in the Phanerozoic 

cycle of carbonate rocks either as early diagenetic or 
epigenetic products. Determining the Mg isotope fractionation 
during both dolomitization types may provide an important 
input for models reconstructing the evolution of brines and the 
secular variations in the global marine δ26Mg record. Here we 
present a study on the fractionation of Mg isotopes during 
epigenetic dolomitization of carbonate country rocks by 
interaction with marine derived hypersaline brines.  

We measured the δ26Mg of natural Mg-depleted deep 
brines from Northern Negev, Israel, and discordant dolostones 
from the Dead Sea Rift Valley margins. These brines, which 
belong to the much studied Dead Sea Rift Valley brines, 
evolved through evaporation of seawater in the Sedom Lagoon 
during the Neogene and consequently percolated to the 
subsurface, dolomitizing the Cretaceous limestones through 
which they flowed. While some of these brines were flushed 
back to the Dead Sea Rift valley to form the Dead Sea and its 
precursors, the rest of the brines remained trapped at great 
depths. The discordant dolostones in the vicinity of Dead Sea 
Rift valley are the product of this epigenetic dolomitization. 

The results show that the deep brines are enriched in 26Mg 
(-0.6‰<δ26Mg<0‰) relative to present-day seawater 
(δ26Mg=-0.83‰) and most probably also to that of Pliocene 
seawater from which they evolved, given the long residence 
time of Mg in the oceans. This observation is compatible with 
the depleted isotopic composition of the discordant dolostones 
(δ26Mg≈-2‰). Given these isotopic compositions, and based 
on the remaining fraction of Mg in the brines, which was found 
to be ~0.3, we calculated the fractionation factor during 
dolomitization (Δ26Mgdolomite-brine) to be between -0.7‰ and -
0.4‰. These values are lower than previously published 
fractionation factors and may result from the high temperatures 
under which this dolomitization took place. 
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Measurement of Aerosol Absorption 

We present simultaneous measurements of aerosol 
absorption coefficient at 405, 532 and 781 nm wavelengths and 
corresponding Organic Carbon (OC) and Black Carbon (BC) 
mass concentrations from Indo-Gangetic Plain (IGP) during 
February, March 2013. Enhancement in absorption, defined as 
the ratio of ambient absorption to the denuded absorption 
shows high values at 405 and 532 nm compared to 781 nm 
indicating presence of absorbing organic carbon or otherwise 
known as Brown Carbon (BrC). Positive Matrix Analysis 
(PMF) of OC from HR-ToF-AMS shows four distinct factors 
in which absorption increases with increase in the fraction of 
Semi Volatile Oxygenated Organic Aerosols (SVOOA). On 
the other hand absorption decreases with increase in mass 
fraction of Low-Volatile Oxygenated Organic Aerosols 
(LVOOA) indicating differentially absorbing aerosols within 
OC. PMF factors such as Hydro-carbon like Organic Aerosol 
(HOA) and Biomass Burning Organic Aerosol (BBOA) show 
similar trend as that of SVOOA. Regression analysis shows 
strong dependence of absorption at 405 and 532 nm with 
factors mass loading but weak dependence at 781 nm.  
Radiative Forcing due to Aerosols 

Radiative forcing due to aerosols is calculated at top of 
atmosphere, Surface and Atmosphere for clear days (low 
aerosol loading) and biomass burning days (high aerosol 
loading). Input parameters in forcing calculations are 
constrained using ground based measurement and satellite 
derived parameters. The magnitude of radiative forcing due to 
aerosols on biomass burning days was found to be larger 
compared to clear days. Radiative forcing is calculated with 
and without OC loading to determine the forcing due to 
organics. Forcing with OC is always found to be higher.  
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Over the past decade, extended periods of drought in the 

southwestern United States have highlighted the susceptibility 
of water resources and ecosystems to variations in climate. 
However, over much of the southwest, there is a dearth of 
long, high-resolution archives of climate and ecosystem 
change that would allow an improved understanding of longer-
term natural variations in this system and associated climate-
vegetation linkages. To address this here, we present a new 
record of vegetation and climate changes from variations in the 
carbon and hydrogen isotope composition of sedimentary leaf 
waxes in the sediments in Hall’s Cave, central Texas. Over the 
past 13,000 years, the record shows coherent, millennial-scale 
variations in δD and δ13C superimposed on a long-term trend 
towards more depleted δD and δ13C values, reflecting increases 
in winter moisture and an expansion of C3 plants. Similarities 
with records from the tropical Pacific suggest that these late 
Holocene climate and vegetation changes in the southwest 
were driven by an increase in winter precipitation, likely 
driven by changes in tropical Pacific climate variability. The 
Hall’s Cave record also highlights the sensitivity of grassland-
shrubland ecosystems in the American southwest to changes in 
winter precipitation and suggests that the recent expansion of 
woody plants over the last century is not unusual. 
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The travertine Mound Springs of the Great Artesian Basin 
(GAB) form iconic features in arid central Australia, 
containing rare relcit species endemic to different spring 
groups. The springs discharge along major fault lines which 
extend to great depths in the lithosphere. A long history of 
discharge into organic-rich soils has caused a build up of 
sulfidic soil materials, in some cases with Cr-reducible S 
concentrations >40 wt. %. Soil acidification has recently been 
documented in some springs as a consequence of sulfide 
oxidation initiated by decreasing spring flow rates. Rare 
oxyhydroxysulfate mineral efflorescence assemblages (inter 
alia natrojarosite, sideronatrite, metavoltine, ferrinatrite and 
jurbanite) have formed under extremely acidic (pH<1) 
conditions in these arid zone environments. 

Simple batch aqueous dissolution experiments have shown 
that a range of contaminants are present and mobile in the acid 
sulfate soils at spring discharge points. The results for the 
sulfuric soil materials, showed that dissolved acidity was often 
extremely high (> 200 meq l-1), with SO4/Cl ratios up to 100 
and high concentrations of dissolved metal and metalloid 
contaminants including Al, As, Fe, Tl and V, typically well 
above trigger values for ecosystem protection. 

Sulfur (δ34S) isotope ratios were very light and much lower 
than the source groundwater (> -40‰ difference) consistent 
with bacterial sulfate reduction, and soil profiles displayed a 
more negative trend with depth. Iron isotopes also displayed 
large differences within some profiles, with the largest 
difference immediately above the oxidation front (> 0.9 ‰) 
indicating large isotope fractionation during the oxidation 
processes. 

A conceptual model is presented linking regional 
groundwater flow systems to deep crustal structures and the 
formation of low temperature extreme environments in 
surficial discharge zones.  
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The Great Artesian Basin (GAB) is a large closed inland 
basin comprising a multi-layer aquifer system, with a complex 
and discrete flow systems. In the area south and west of Lake 
Eyre in the western GAB, a major discharge zone is present 
where regional converging flowpaths meet. The region is 
characterised by linear spring discharge zones controlled by 
deep crustal fractures. 

Spatial variations in solute concentrations and water type 
in the main aquifer unit as well as the springs highlight distinct 
groundwater sources generated by a range of geochemical 
processes: in general, groundwaters derived from the west are 
of mixed cation-anion type and variable salinity whilst those 
from the east are of Na-HCO3 type and lower salinity. Some 
northerly-derived groundwaters contain very low sulfate 
concentrations, as a consequence of very reducing conditions 
along deep flowpaths. Superimposed on the geochemical 
evolution are the effects of palaeoclimate variability, 
diffusional exchange with aquitards, and mixing with older 
water as groundwater travels and evolves along flow pathways. 
More recently, the recognition of an external source of CO2 
along deep crustal lineaments has added another dimension to 
the geochemical evolution and source of the waters and 
solutes. Isotope signatures (O/H, Sr, S, C) are also extremely 
variable providing important information on the range of 
sources, processes and evolution along different flowpaths. 

The chemistry of groundwaters in the GAB thus provide 
important clues and constraints to regional flow pathways. 
Along with novel dating tools [1], they are providing critical 
data in which to reconstruct past and present flow regimes in 
the GAB, and to help develop a new and more realistic model 
for groundwater flow in this continental scale aquifer system. 
 
[1] Love et al this volume. 
 
 



 Goldschmidt2014 Abstracts  

 

2262 

2262 

An experimental study on the effect of 
Na/K of the silicate melt on 

partitioning behavior of Cu and Au in 
magmatic - hydrothermal systems 

L. B. SHANG1*, S. L. WANG1 AND X. W. BI1 

1Institute of Geochemistry, CAS, 46 Guanshui Rd. Guiyang, 
550002, China. 
( *correspondence: shanglinbo@vip.gyig.ac.cn ) 

 
 porphyry-type deposits are one of major resources of Cu 

and Au. It has been proposed that metals in those deposits are 
derived from magma. The essential feature of the magmatic-
hydrothermal model is the separation of mental-rich aqueous 
fluid from silicate melt. Experimental studies on the 
partitioning of Cu and Au between granitic melt and aqueous 
fluids have demonstrated the importance of complexing agents, 
such as chloride and sulfur, in the transport of Cu and Au. 
However, no systematic experimental data are available 
concerning the role of melt composition in magmatic-
hydrothermal process.  

The present study was conducted to evaluate the effect of 
melt composition on the partitioning behavior of Cu and Au. 
We investigated experimentally the fluid/melt partitioning of 
Cu and Au in the systems synthetic haplogranite gel -H2O-HCl 
at 1kbar, 850 oC with Ni-NiO buffer by using rapid-quench 
cold seal bombs. Preliminary Experimental data show that the 
partition coefficient of copper DCu

fluid/melt linearly increases with 
increasing HCl concentration. That agrees with results of other 
researchers, who interpreted this behavior as the result of the 
formation of CuCl complexes in the fluids. DCu

fluid/melt show a 
strong melt compositon dependence, increasing from 1.35 to 
22.18 with the molar Na/K of melt varying from 0.58 to 2.56, 
while DAu

fluid/melt do not show any correlation with the molar 
Na/K varying from 0.64 to 3.38. The data presented here 
suggest Cu and Au have different complexation mechanisms in 
melt, so their partitioning behaviors between aqueous fluids 
and silicate melt have different responses to the change of 
molar Na/K of silicate melt.  
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Bacteria have evolved the ability to respond to their 
environment in exquisitely sensitive ways. One mechanism by 
which they do so is to differentiate into transcriptionally 
distinct cell types. We are particularly interested how 
compounds produced and secreted by other microbes elicit 
these phenotypic cellular changes in nature and native-like 
microcosms. This is a particularly compelling question because 
most bacteria naturally exist in complex microbial 
communities where they are in close physical proximity to 
other organisms. To explore such interactions, we focus on the 
ability of Bacillus subtilis to respond to bacteria from its 
natural environment, the soil. B. subtilis is ideal for such 
studies because of its ability to differentiate into distinct cell 
types that can be monitored using fluorescent reporters. Using 
a fluorescent co-culture screen [1], we have identified 
numerous soil microbes that secrete compounds to affect the 
cellular differentiation of B. subtilis into sporulating or 
biofilm-forming cells. We are now characterizing the 
interactions between these soil organisms using MALDI-TOF 
imaging mass spectrometry. We aim to both identify the 
signalling compounds that are mediating cellular 
differentiation in B. subtilis, as well as identify other metabolic 
consequences of these interactions.  
 
[1] Shank EA. (2013) J Vis Exp. (80) e50863. 
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The average geochemical composition of Upper 

Continental Crust (UCC) is in fairly good agreement with the 
composition suggested by Taylor and McLennan 1985 and 
others. However, the values of certain trace elements (Co, Cr 
etc.), largely concentrated in mafic rocks, and often show 
discrepancies with UCC compositions (McLennan 2001). 
Therefore, large igneous provinces (LIPs) spreading in million 
km2 are likely to control global sediment production and 
distribution and also help in resolving discrepancies in upper 
continental crust (UCC) compositions. More so, the 
contributions from LIPs are likely to be underestimated and 
need to be relooked.  

The present work addresses the texture, mineralogy, and 
compositions of fine sand/silt deposited by a medium-sized 
river (the Mahi River) flowing in the western sector of India. 
The region is tectonically active, semi-arid and lithologically 
dominated by the Deccan Traps (one of the largest LIPs in the 
world). The Mahi sediments fall under the lithiarenite category 
and mostly composed of quartz and basalt fragments with 
lesser pyroxene, biotite, feldspar, calcite and clay minerals 
(smectite ± illite). The Mahi sediments have higher TiO2 (2.41 
wt.%), Al2O3 (15.2 wt.%), FeOt (10.9 wt.%), Co (≤36 ppm), Cr 
(≤737 ppm), Cu (≤107 ppm) than the UCC and PAAS; Ni (≤54 
ppm) higher than the UCC (33.5 ppm), but similar to PAAS 
(60 ppm). The low Chemical Index of Alteration (CIA 37–59) 
values and presence of basalt fragments and smectite in the 
samples suggest incipient weathering in the semi-arid Mahi 
catchment. In agreement with the mineralogy, the UCC 
normalized LREE depleted patterns (LREE/HREE < 1; figure 
below) in the Mahi sediments confirm Deccan basalt 
contributions from the provenance with about 70–75% basalts 
and 25–30% Archean biotite-rich granitoids of the Aravalli 
ranges.  

Similarly limited depletion of Ba, K and Ca (Ba ≥ K > Ca) 
in incipiently weathered Mahi (aver CIA 47.5) systems 
indicate their climate insensitivity. At the same time, more Ba 
depletion than Ca is new for the Deccan Traps River. Also the 
decoupling of Ca and Sr, however, could be mineralogy 
controlled. 
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Ostrich eggshell (OES) fragments occur widely in 

archaeological contexts in Africa and elsewhere where dates 
beyond the limits of radiocarbon are needed but may be 
challenging to obtain. U-series dates for OES and eggshells of 
other large, flightless birds (emu, the extinct Genyornis 
newtoni) have been reported for >15 years, and Magee et al. 
[1] show that radiocarbon and U-series dates are concordant 
for a ~31 ka emu eggshell, but independent reliability criteria 
for OES U-series dates have not been developed. 

OES carbonate consists of finely crystalline low-Mg 
calcite with low primary U, but OES readily acquires U from 
pore waters upon burial. From outside to inside, OES consists 
of: (1) a thin (~70 µm) crystal layer; (2) a thick (~1600-1800 
µm) palisade layer; and (3) a cone layer (~800 µm thick). We 
are measuring U and Th concentrations (by LA-ICPMS) and 
apparent U-Th ages (by solution ICPMS) across OES profiles 
to: (1) identify the layers most conducive to U-series dating, 
(2) assess U and Th mobility, and (3) determine if burial ages 
can be estimated using sub-samples from individual OES. In 
>100 ka old OES from sites near Lake Victoria (Kenya), the 
crystal layer is high in U but also in undesirable 232Th, 
probably from translocated soil particles. The palisade layer, 
consisting of closely packed radially elongate crystals, has 
favorable U/Th ratios and U concentrations that decrease 
rapidly inward, consistent with a diffusion gradient. The cone 
layer displays a steep U concentration gradient sloping away 
from the inner surface of the eggshell and high 232Th at the 
eggshell’s inner surface. For two OES, apparent ages of pairs 
of samples centered at X (= normalized distance from the outer 
surface) of ~0.3 and ~0.7 are concordant within analytical 
errors—i.e., sample 1: 98.5 ±1.8 and 96.7 ±1.9 ka, sample 2: 
143.9 ±0.7 and 141.9 ±1.2 ka (1σ)—consistent with rapid U 
uptake. Such internally concordant apparent ages should 
closely approach the age of eggshell burial. A third OES yields 
an inner age older than its outer age, suggesting late U loss 
from the inner eggshell. 

 
[1] Magee (2009) Quat. Geochron. 4 84-92. 
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Coronitic metagabbros (CMGs) from the Grenville 
Province preserve both primary zircon and baddeleyite, and 
polycrystalline zircon psuedomorphs, which are inferred to 
have grown during corona formation [1,2]. For this reason 
CMGs are ideal candidates for determining both the timing of 
crystallization and the timing of corona formation. There is 
still debate whether corona formation occurs as a magmatic 
process or during ultra-high pressure metamorphism [3,4].  

Previous U-Pb ages of magmatic zircon and baddeleyite 
suggest synchronous crystallization at ~1170-1150 Ma; and 
~1050 Ma for polycrystalline zircon [1,2], the latter to have 
formed during ultra-high pressure metamorphism.  

New CAMECA 1280 in situ zircon oxygen isotope data 
from a CMG from Ontario, Canada (similar to [1], same 
location as [2]) indicate that both the prismatic and 
polycrystalline zircon have identical and uniform mantle-like 
δ18OVSMOW values of 5.82 ± 0.04 ‰ (n=31) and 5.81 ± 0.03 ‰ 
(n=70), respectively (Mantle zircon δ18O = 5.3 ± 0.6 ‰, [5]). 
The δ18OVSMOW values for zircons from this CMG occurrence 
are the lowest reported for CMG zircon from the Grenville 
Province (~6.4 ‰, [6, 7]). The uniform δ18OVSMOW values 
suggest that both prismatic and polycrystalline zircon formed 
during magmatic crystallization, such that the younger age of 
polycrystalline zircon is the result of Pb-loss during 
metamorphism, and that these coronas formed during magma 
cooling processes and are not a result of ultra-high pressure 
metamorphism. 
 
[1] Davidson and van Breeman (1988) CMP [2] Heaman and 
LeCheminant (1993) Chem. Geol. [3] Shand (1945) GSA Bull. 
[4] Joesten (1986) Min. Mag. [5] Valley et al (2005) CMP [6] 
Valley et al (1994) EPSL [7] Reagan et al (2011) Geosphere 
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Georgetown Lake is a 1489 ha lake situated in the Pintler 
Mountains, MT. The lake is highly recreated and was 
classified as mesotrophic to eutrophic. Throughout the winter 
ice cover season, dissolved oxygen concentrations continually 
decrease from high biological oxygen demand. Several 
previous water quality studies have been conducted but no 
detailed groundwater investigation and the role of groundwater 
on water quality has previously been conducted. This study 
presents a geochemical investigation coupled with streamflow 
and other physical water measurements to enhance our 
understanding of how groundwater interacts with the lake. 
Radon, water isotopes, major ions, and nutrients were collected 
spatially throughout the at the lake bottom in over 130 
locations during late winters of 2011 and 2013 prior to ice 
melting. Major ions and water isotopes were also collected bi-
monthly at all major inflows and outflows from September 
2012 until December 2013. Water isotopes, major ions, and 
222Rn were also collected in several groundwater wells and 
springs located near the perimeter of the lake and in springs 
discharging further down the mountain slope from the lake. 
The purpose of this study was to i) investigate locations where 
groundwater enters the lake, ii) characterize the role of 
groundwater in controlling lake water quality, iii) identify 
locations where lake water recharges regional groundwater, iv) 
conduct an annual water balance focusing on the quantities of 
groundwater inflow and groundwater outflow.  

Georgetown lake is separated by a westward dipping thrust 
fault consisting of a Precambrian metasedimentary rock lower 
plate to the west and a Paleozoic carbonate upper plate to the 
east. Spatial variations of water chemsitry (particulary 222Rn) 
show that groundwater discharges to the lake from the east 
through the carbonates. During the late winter, S and N species 
are reduced and mostly in the form of H2S and NH4, but S is 
mostly SO4

2- with no detectable N species along the eastern 
shores where well-oxygenated groundwater enters the lake. 
Water isotopes show highly evaporated lake water in the 
western portion of the lake but groundwater with little to no 
evaporation replaces lake water to the east. Springs located 
downslope to the west of the lake show a similar evaporation 
signal as lake water suggesting that lake water recharges 
groundwater through the metasedimentary rock to the west. 
Temporal records of water chemistry were incorporated into a 
water balance which allowed separation of groundwater 
inflows from outflows. 
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Submarine groundwater discharge (SGD) is a major source 

of dissolved iron to coastal waters with inputs primarily as 
reduced Fe(II) [1]. Model studies have shown that discharge of 
Fe(II) and/or solid phase Fe sulphides into oxygenated 
seawater can initiate dark production of Reactive Oxygen 
Species (ROS) [2, 3]. Fe(II) concentrations > 5 µM can initiate 
ROS production, yet subsequent Fe cycling can maintain ROS 
production at much lower Fe(II) levels [2].  

Time series experiments were conducted in a salt marsh 
creek system near Charleston SC to validate model results. 
Short-lived Ra isotopes were used as tracers of groundwater 
contributions to the system as a function of tidal forcing. A 
redox front characterized by an increase in Fe(II) to levels near 
100 µM and a decrease in dissolved O2 developed prior to the 
dark period low tide. A sharp increase in the inventory of ROS 
(as H2O2) was measured coincident with the Fe(II) rich redox 
front. ROS production remained high for several hours 
following the Fe(II) maximum. The activity of 224Ra was 
highly correlated to Fe(II) (R2 > 0.90) and H2O2 concentrations 
(R2 > 0.85). Results confirm a geochemical mechanism for 
ROS production coupled to SGD. Evidence suggests that SGD 
supports sustained hydroxyl radical production by the Fenton 
mechanism (i.e. co-ocurrence of Fe(II) and H2O2). SGD 
initiated hydroxyl radical production may promote NOM 
transformation in estuarine systems. 
 
[1] Windom et al (2006) Mar. Chem 102, 252-266. [2] Burns 
et al (2010) ES&T 44, 7226–7231. [3] Murphy et al (2014) 
ES&T in press. 
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Nearly all current applications of diffusion modeling 
employ 1D chemical transects performed across 2D sections of 
a given set of crystals. To date, however, the accuracy and 
precision with which timescales can be retrieved from 
randomly intersecting olivine populations within a rock sample 
have not been examined in detail. 

Three-dimensional numerical olivines with various 
shapes/habits (spherical, rectangular parallelepiped, and 
polyhedral) were generated and left to diffuse at magmatic 
temperatures for a certain duration using a finite-difference 
scheme. To further simulate realistic conditions, the models 
incorporated diffusion anisotropy (D faster along the c-axis), 
and the presence or absence of compositional plateaus in the 
olivine cores. These olivines were then sectioned either (1) 
through their cores or (2) at random distances from their 
center, and either (3) along the a, b or c crystallographic axes 
or along random orientations. Finally, to cover a range of 
natural magmatic scenarios the simulations tested six various 
forsterite zoning configurations (normal, reverse, core-rim with 
different compositions). Results show that timescales retrieved 
from 1D profiles are highly inaccurate if diffusion anisotropy 
is not taken into account. Even when anisotropy is corrected 
for, timescales can still vary between 0.2-10 times the true 3D 
diffusion time due to crystal shape and sectioning effects (e.g. 
Figure 1). We describe simple grain selection procedures for 
reducing the misfit between calculated and actual diffusion 
times, to achieve estimated uncertainties of ~20% relative.  
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Crystallization partly governs the rheology of magmas. 
Hence, the rate at which magmas nucleate crystals in response 
to a thermodynamic perturbation ultimately determines 
eruptive behavior. Conversely, by examining the textural cargo 
of volcanic rocks collected at the surface (e.g. crystal numbers, 
sizes), petrologists aspire to retrieve the thermodynamic 
perturbation(s) that generated these textures, as well as the 
rates at which the magmas solidify. Laboratory experiments in 
which crystallization is stimulated by both cooling and 
decompression show that the degree of undercooling controls 
feldspar nucleation rates, irrespective of whether it is applied 
via cooling (∆T) or decompression (∆TEFF). These findings are 
fundamental in that they allow extending equations derived 
from the classical nucleation theory (CNT) to any cooling or 
decompression path within the P-T feldspar phase diagram for 
a given magma. We develop a model of feldspar nucleation 
rates in different magmas (rhyolite and basaltic-andesite) 
derived from variations of the CNT, using currently-available 
thermodynamic and experimentally-derived textural 
parameters. We discuss the relative influences of the main 
acting variables (surface free energy, enthalpy of 
crystallization, undercooling) on obtained nucleation rates, and 
show how the model can be used to make predictions of 
feldspar textures within magmas that follow complex P-T 
paths towards the surface. 
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Recent reconstructions based on microfossils [1], carbon 

isotopes [2], and paleosols [3] all indicate very low (<10x pre-
industrial levels) atmospheric pCO2 in the late 
Mesoproterozoic, which contrasts strongly with 
reconstructions from the Archean and Paleoproterozoic [4-5] 
that indicated pCO2 >25x pre-industrial levels. Thus, an 
important question is whether the relatively low atmospheric 
pCO2 indicated by proxy data is sufficient to result in the 
equable climate indicated by the rock record. Recent climate 
model results [6] indicate that even at pre-industrial pCO2, a 
“hard snowball” scenario (i.e., low-latitude ice) is difficult to 
generate in the Neoproterozoic (Marinoan) if there is signficant 
tropical land in the NCAR CAM3.1 model. There are two 
fundamental differences between that previously modeled 
scenario and the late Mesoproterozoic CO2 minimum at ~1.1 
Ga: 1) total solar irradiance was even lower (by ~3%), 2) there 
is no geologic evidence for significant ice at any latitude at that 
time. To investigate whether equable (and potentially ice-free) 
conditions are possible during the late Mesoproterozoic under 
a low CO2 regime we have undertaken a series of sensitivity 
analyses using NCAR’s CAM3.1 model coupled with a 50 m 
slab ocean, variable continental land mass (including land-
free), and uniform low topography. Those preliminary results 
indicate: 1) CH4 was likely also important in maintaining 
equability during the Mesoproterzoic, which has implications 
for atmospheric pO2, 2) paleogeography is an important control 
on water vapor and surface albedo feedbacks; failure to 
consider it produces biased estimates of paleoclimate 
sensitivity, and 3) equable (but not warm) conditions 
conditions are possible at low pCO2. Ongoing work using 
CESM1.2 will add a fully coupled ocean, examine variable 
CO2:CH4 mixing ratios, and explore the role of adding in 
paleotopography. 

 
[1] Kah & Riding (2007) Geology 35 799–802; [2] Kaufman & 
Xiao (2003) Nature 425 279–282; [3] Sheldon (2013) Chem. 
Geo. 362 224–231; [4] Driese et al (2011) Precam. Res. 
189:1–17; [5] Sheldon (2006) Precam. Res. 147:148–155; [6] 
Fiorella & Poulsen (2013) J. Clim. 26 9677–9695 



 Goldschmidt2014 Abstracts  

 

2272 

2272 

Paleovolcanic Edifice Rebuilding in 
the Southeastern Margin of the 

Songliao Basin, NE China 
YANJIE SHEN1, RIHUI CHENG1*, YAN ZHANG1  

AND YE QIAN1 
1College of Earth Sciences, Jilin University, China, 

shenyj@jlu.edu.cn；*correspondence 
 

The paleovolcanic edifices of Yingcheng formation 
cropped out well in the northeastern margin of the Songliao 
basin，NE China. Location of the ancient crater and the 
pyroclastic sediments on the volcano slope have been 
determined, While the lithology and lithofacies association in 
this caldera formation are difficult to be rebuilt.  

To correlate the strata on the volcano slope to the 
accumulation in the caldera and rebuild the volcanic edifice, in 
the studied area, two profiles have been researched in detail. 
The profileⅠis pyroclastic accumulation on the slope and the 
profile Ⅱ is pyroclastic and lava accumulation in the crater. 
The strata in profile Ⅰcan be divided into 11 cooling units, 5 
systems and 2 cycles and the profile Ⅱ into 6 bedded cooling 
units and 3 collapsed volcanic feeder. 43 samples are collected, 
each one corresponding to 1 cooling unit or 1 layer, the first 28 
samples are from profile Ⅰ, and another 15 samples from the 
profile Ⅱ. Major elements and trace elements in these samples 
are analyzed. 

Major elements of the pyroclastic rocks in bedded strata in 
two profiles have such two common features as follows: 
①Contents of Al2O3 and K2O in the rock are inversely related 
to SiO2 and affected by the particle size; ②Content of Na2O 
change little and unaffected by the particle size, but it increases 
where the lava appeared.  

Trace element contents are controlled by the magma 
source, and unaffected by post-diagenetic changes. So the 
pyroclastic rocks and molten lava generated at the same times 
have a better corresponding in the trace element contents, 
especially the ratio of trace elements such as La/Sc, Sc/Th, 
La/Y, Sc/Cr and Hf.  

The result showed that the 6 cooling units, 3 system and 1 
cycle in the caldera formation are correlated to the 5 cooling 
units, 2 system and 1 cycle on the top of the volcanic slope. By 
this way, the pyroclastic rocks and the molten lava could be 
correlated with each other and The paleovolcanic edifice could 
be rebuilt in the southeastern margin of the Songliao basin, NE 
China. 

Acknowledgements: This work was supported by the 
NSFC research fund (Grant No: 40972074, 41202085) 
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Lead is one of the most toxic metals. In the processes of 
passing through the whole food chains, changes of Pb 
speciation play a key role. Dissolved organic matter (DOM) is 
an important media for heavy metals because of its good 
mobility and strong biding affinity. It exists widely in 
ecosystem and ambient environment. Does the presence of 
DOM affect the amount of Pb in plants? Does DOM trigger Pb 
speciation changes during germination? There are no 
consistent conclusions. Some controversy reports can be found 
on the roles of DOM in increasing or decreasing the 
bioavailability and excotoxicity of Pb in plant.  

In order to reveal the roles of DOM in Pb metabolism in 
plants, model plant Arabidopsis thaliana was chosen as an 
object in the research. Synchrotron radiation micro X ray 
fluorescence (µ-XRF) (6 µm2 focal spot) was used to get 
distribution of Pb in seeds and X-ray absorption near edge 
structure (XANES) applied in identification of Pb species 
during germination. 

Different types and concentrations of DOM like fulvic acid, 
humic acid and citric acid, were used in germination test. First 
of all, hot points were observed as shown in the left figure. The 
figure clearly described Pb distribution in a germinating seed 
and showed that the high concentrations of Pb occured in the 
parts of cotyledon. That revealed that humic acid and citric 
acid indeed increased the absorption of Pb in Arabidopsis 
seeds, especially in the cotyledon. 

 
 
 
 
 
 
 
 

 
Secondly, the differences of XANES spectra of Pb L3 edge 

were observed between the humic acid and blank groups, as 
shown in the middle and right figures. The spectra showed a 
significant change of Pb species in the radicle and cotyledon. 

What roles does DOM play in the processes of change of 
Pb species? Those are what would be found and discussed in 
this research. 
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In-situ analyses of zircon Lu-Hf isotopes, U-Pb ages and 

trace elements were carried out for UHP eclogite and its 
enclosed leucocratic vein in the Dabie orogen, China. The 
results provide insights into the origin of eclogite protolith and 
the geochemical behavior of Lu-Hf isotopes during protolith 
formation and subduciton-zone metamorphism, respectively. 
Zircon U-Pb dating indicates that eclogite protolith were 
formed at 769 ± 15 Ma, with minor incorporation of 1802 ± 62 
Ma crustal relics. Initial Hf isotope ratios for the 
metamorphosed zircon of Neoproterozoic U-Pb age are 
categorized into two groups, one with positive εHf(t) values of 
5.8±2.8 to 12.7±1.6 and young Hf model ages of 832 ± 62 to 
1106 ± 77 Ma, and the other with negative εHf(t) values of -
3.6±2.0 to -3.1±1.4 and old Hf model ages of 1895 ± 120 Ma. 
Therefore, reworking of both juvenile and ancient crustal rocks 
would have contemporaneously occurred in the northern 
margin of the South China Block during the middle 
Neoproterozoic. 

Zircon from the vein exhibits concordant U-Pb ages for the 
Triassic metamorphism. Most of the Lu-Hf analyses yield 
consistently negative εHf(t) values of -3.3±1.2 and Hf model 
ages of 1877 ± 75 Ma at t = 770 Ma, indistinguishable with 
those for the metamorphosed zircon of Neoproterozoic U-Pb 
ages. Some analyses give positive εHf(t) values with rare relics 
of Neoproterozoic U-Pb ages. The metamorphic zircon of 
negative εHf(t) values is interpreted to form by dissolution and 
reprecipitation of ancient protolith zircon in the absence of 
garnet effect. While the Neoproterozoic zircon relics of 
positive εHf(t) values would have survived during fluid 
dissolution, those of negative εHf(t) values were dissolved by 
the metamorphic fluid to cause element Hf transport and its 
isotope homogenization. The ancient Hf isotopic 
characteristics were inherited by the newly grown zircon of 
metamorphic origin in the vein. Therefore, the Hf isotopes 
uptaken in the metamorphic zircon may be as an effective 
mean to trace not only the protolith origin but also the 
dissolution and reprecipitation of protolith zircon.  
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Chromite-rich spinel composition typically is used as a 

vector for diamond exploration; kimberlitic chromite occurring 
as inclusions in diamond has high Cr and very low Ti, whereas 
non-kimberlitic chromite typically shows lower Cr content and 
higher Ti. The primary focus of this study is to correlate 
chemical composition with unit cell parameter of chromite-rich 
spinel, (Fe,Mg)[Cr, Al]2O4, using in situ micro X-ray 
Diffraction (µXRD). Spinel group minerals are cubic, having 
one unit cell parameter, ao. In situ µXRD makes it possible to 
correlate the composition with the unit cell parameter for 
individual grains. Our study is developing the unit cell 
parameter as a proxy for Electron Probe Microanalysis 
(EPMA). We have shown that ao can be used as a stand-alone 
discrimination tool for kimberlitic versus non-kimberlitic 
chromite. Non-kimberlitic chromite yields unit cell parameter 
ao < 8.29 Å. The unit cell parameter can also clearly 
discriminate chromite in the diamond inclusion field, which 
has values ranging from ao = 8.29-8.33 Å. In addition, the 
xenocryst and phenocryst trends can be discriminated within 
the data. 
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In aquatic environments, the aqueous concentrations of Cu 

and Zn are strongly controlled by sorption onto iron 
(hydr)oxides such as goethite (α-FeOOH) and manganese 
oxides such as birnessite (δ-MnO2). It is hypothesised that 
sorption of Cu and Zn on these phases should be associated 
with a significant isotopic fractionation and that this may, for 
example, explain the difference in isotopic composition of 
dissolved Cu and Zn in seawater relative to ferromanganese 
crusts. However, experimental investigations of isotopic 
fractionation are inconsistent; it appears that the laboratory 
experiments are achieving chemical equilibrium but not 
isotopic equilibrium. To resolve this problem, we need an ab 
initio (quantum mechanical) prediction of the vibrational 
modes and, hence, reduced isotopic partition functions for Cu 
and Zn surface complexes on Fe-Mn (hydr)oxides. EXAFS 
studies show that sorption of Cu and Zn on FeOOH and MnO2 
occurs via inner-sphere surface complexation. On goethite, Cu 
and Zn are sorbed to form bidentate double corner-sharing and 
edge-sharing complexes with surface oxygens and a 
coordination number of 5. On birnessite, both Cu and Zn sorb 
via tridentate complexes over the vacancy sites with a 
coordination number of 3 to 4. In the work reported here, I 
calculate the equilibrium isotopic fractionation of surface-
complexed Cu and Zn from the relevant vibrational modes of 
finite clusters (e.g., Cu(H2O)3(OH)2Fe2(OH)2(H2O)6

+4) used to 
approximate the surface complexes. Calculations were done 
using density functional theory with both traditional gradient-
corrected exchange-correlation (PBE) and hybrid (B3LYP) 
functionals. Relative to the Zn(H2O)6

+2 or Cu(H2O)5
+2

 aquo 
complexes in the aqueous phase, goethite will preferentially 
sorb the heavy isotopes of Zn and Cu, but the fractionation (66-

64ΔZn or 65-63ΔCu) is only 0.3 º/ºº. In contrast, sorption to 
birnessite will favor the heavy isotope with a fractionation of 
1.0 º/ºº for Zn. We anticipate a similar value for Cu (work in 
progress). The strong fractionation associated with sorption to 
birnessite is mostly driven by the decrease in coordination 
number. It should be noted that, in natural systems, 
complexation by organic ligands can shift the fractionation to 
favor the heavy isotope in the dissolved phase. Laboratory 
experiments, even when aged for several months, appear to be 
out of isotopic equilibrium. 
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Reactive transport simulations of fluid-rock interactions 

enable us to test models of ore formation. However, such 
simulations depend on our thermodynamic models for the 
partitioning of metals between melts, fluids and vapour phases. 
Complexation of metals by Cl- and HS- (and S3

-) ligands in the 
fluid phase exerts a fundamental control on how mineral 
solubilities change with temperature and fluid composition. 
Our understanding of such complexation reactions has been 
based on speciation models of mineral solubility data along 
with extrapolations using Born model equations of state (e.g., 
SUPCRT). However for this approach to be reliable, we need 
independent confirmation of the important complexes (e.g., 
CuCl2

-, ZnCl4
-2 etc.) that are present. Moreover, we need to be 

in a PT regime where the fluid can be approximated as a 
dielectric continuum; this will break down at low fluid 
densities and high temperatures where the dielectric constant 
of water is uncertain.  

In recent years, we have been able to gain a molecular-
level insight on hydrothermal fluids using ab initio molecular 
dynamics. From these simulations, we are able to sample the 
microstates of a system and estimate the free energy of 
formation of metal complexes. One of the fundamental 
physical insights that emerge from this work is that metal 
complexation and ion association in hydrothermal fluids at 
high temperature is driven by changes in translational entropy. 
This concept, along with knowledge of the coordination 
chemistry and hydration of metals in solution, explains why 
the dominant speciation of Zn changes from Zn(H2O)6 to 
ZnCl4

- with increasing temperature while the speciation of Cu 
changes from CuCl3

-2 to CuCl2
-. Translational entropy also 

explains the increased ion-pairing in low density fluids and 
vapors to yield species such as NaCuCl2. Although new 
molecular insights on hydrothermal fluids are emerging, there 
are still some major theoretical problems that remain 
untouched. Perhaps most important is the partitioning of 
metals between fluids and melts.  
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Atmospheric deposition of metals such as Hg and Pb is of 

concern to human and environmental health. These pollutants 
are emitted from local, regional, and global sources. Previous 
studies have used methods including trace element ratios, 
atmospheric transport modeling, and multivariate statistical 
receptor modeling of trace element concentrations to quantify 
source contributions to wet deposition. Atmospheric emissions 
from sources such as coal-fired power plants, metal smelters, 
and incinerators can also be isotopically distinct. Recently, Pb 
isotopes measured in daily precipitation samples were used in 
conjunction with trace element ratios to identify source 
impacts at an urban site. Similarly, Hg isotope ratios have been 
used to trace Hg emitted by a coal-fired power plant to local 
precipitation.  

We measured Pb, Hg and Sr isotope ratios in 58 previously 
collected daily precipitation samples to develop a new method 
for linking emission sources with deposition sites across the 
Great Lakes Region. Precipitation samples were collected 
between 2003 and 2006 at seven sites in Michigan, Ohio, and 
Vermont. We observed significant variablity between sites and 
among individual samples in all three isotope systems. 
208Pb/206Pb ratios ranged from 1.9591 to 2.0937, 87Sr/86Sr ratios 
ranged from 0.708591 to 0.711553, and δ202Hg values ranged 
from -1.13 to 0.13‰. These new results corroborate previous 
source-receptor and atmospheric transport modeling. For 
example, we measured low δ202Hg values (similar to those 
measured in soils near smelters) and low 208Pb/206Pb ratios 
(similar to those of North American Pb ores) in samples 
impacted by iron/steel production. We also found that 87Sr/86Sr 
ratios can be used to distinguish between sites in Michigan and 
southern Ohio, which we attribute to variations in locally-
derived dust from different soil parent materials as well as 
variations in locally-emitted fly ash.  

This novel multi-isotopic source attribution technique 
provides a new tool for assessing deposition of metal 
contaminants. Ultimately, the development of distinct source 
isotopic profiles will assist in the accurate quantification of 
local, regional, and global source impacts. 
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Uptake of bioactive trace metals by phytoplankton is a 
fundamental process in the overall trace metal biogeochemistry 
of the ocean. Iron limitation is relieved in coastal Antarctic 
regions by continental inputs, but the details of the sources and 
timing of natural Fe fertilization are poorly known, as is the 
multi-element metal composition of the extant phytoplankton 
assemblages. Here we present surface water (2m) dissolved 
(dTM) and particulate (pTM, >0.45µm) distributions for Fe 
and a suite of bioactive metals over much of the WAP shelf, 
covering the sampling grid during the Palmer LTER 2010, 
2011 and 2012 programs. A novel finding is that a large 
portion of the northern half of the grid is characterized by low 
dFe (~100pM) and low pFe (~200pM), similar to levels in the 
open Southern Ocean. Macronutrient distributions suggest Fe 
removal by early season diatom blooms, creating apparent Fe-
limiting conditions across broad swaths of the shelf region in 
January. This low Fe region is larger and spreads further south 
with each successive sampling year.  

Metal quotas of natural phytoplankton assemblages can be 
inferred from ICP-MS determined particulate metal/P ratios, 
after correcion for co-sampled inorganic particles. We find 
surface distributions of metal/P that are spatially and 
temporally coherent, generating mostly smooth and moderate 
gradients over the grid and between sampling years. We will 
interpret the magnitude and variability of these Me/P quotas as 
a function of dissolved metal availability, degree of Fe stress, 
water column stratification, macronutrient drawdown, glacier 
and sea ice meltwater inputs, and taxonomic information. 
Approximate overall median values are: Fe/P<5, Zn/P~6, 
Mn/P~0.8, Cu/P~0.8, Cd/P~0.8, Ni/P~0.6, V/P~0.6, 
Co/P~0.02, and Mo/P~0.02 (all in mmol/mol). Variability 
about these median values is ~2-fold in some cases, but the 
data also contain evidence for remarkable metal homeostasis. 
We discuss these metal distributions in the context of ongoing 
rapid climate warming in this region. 
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The Fe-limited waters of the Southern Ocean (SO) receive 
injections of Fe in Antarctic shelf regions and polynyas, 
leading to intense productivity and CO2 influx. However, the 
coastal regions of West Antarctica are currently undergoing 
rapid climate warming, driving increased shelf intrusion of 
warm Circumpolar Deepwater (CDW), accelerated melting of 
glaciers and ice shelves, and modified water column structure, 
with as yet poorly understood effects on Fe supply, 
productivity and biogeochemical fluxes. 

Here we compare bioactive metal distributions and 
temporal dynamics in the Amundsen Sea Polynya (ASPIRE 
program; 2010-11) and the shelf ecosystem of the Western 
Antarctic Peninsula (WAP; Palmer LTER program; 2010, 
2011, 2012). We argue that vigorous circulation of modifed 
CDW under the Dotson Ice Shelf delivers glacial and 
sedimentary dissolved and particulate Fe to large regions of the 
polynya, making the system largely Fe-replete and highly 
productive. In contrast, glacial meltwater inputs to the WAP 
consist of surface runoff and subsurface melting of marine 
glacier termini, producing strong offshore gradients in δ18Osw 
and glacier sourced metals. We discovered that a large area of 
the northern WAP shelf surface waters have strikingly low 
dissolved and particulate Fe, similar to the open SO, and that 
the spatial extent of this low-Fe shelf region spread south and 
increased from 2010 to 2011 to 2012. 

These systems form a useful natural laboratory for 
exploring mechanisms of Fe delivery, and also for testing the 
controls on quantitative uptake of all bioactive metals by the 
phytoplankton assemblage, a primary step in the overall 
biogeochemical cycling of metals. We will summarize our 
extensive dissolved and particulate dataset to systematically 
explore controls on, and variability in the Fe, Mn, Zn, Cu, Cd, 
Ni, Co, V, and Mo content of surface water cellular 
assemblages, inferred from particulate metal/P ratios. 
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It is now commonly recognized that most ophiolites form 
in the upper plate of nascent or reconfigured subduction zones 
[1-2]. Over the last several years we have studied outcrops of 
lithospheric mantle that underlie crust formed by supra-
subduction zone (SSZ) magmatism in order to understand 
geochemical flux in the mantle wedge during subduction, 
which is critical to our understanding of the subduction factory 
process and arc volcanism.  

Most peridotites of the Coast Range ophiolite (California) 
are harzburgites but lherzolites occur in 2 locations. We have 
analyzed mineral chemistry in the peridotites by EMPA and by 
high-precision laser ablation ICP-MS [3-5]. Trace elements 
include 13 REE along with 7 fluid mobile elements (FME: Li, 
Be, B, Rb, Ba, Pb, Th) and 8 other trace elements (Sc, Ti, V, Sr, 
Y, Zr, Nb, Hf). We use MREE-HREE to assess melt extraction, 
and the other elements to assess fluid flux and melt enrichment 
in the mantle wedge.  

Melt models show that harzburgites have undergone high 
degrees of melt extraction (15-23%), starting in the garnet field 
and continuing into the spinel facies, while lherzolites typically 
record <4% melt extraction [3-6]. The melt models result in 
FME concentrations that are essentially zero, but, observed 
FME concentrations often exceed primitive mantle. Similar 
FME enrichments are observed in the lherzolites. We derived 
an alogrithm that may be used to calculate the enrichment of 
FME [6]:  

Cwr,add=[Ccpx-obs/[[Dcpx/(Dbulk–PF)]*[1– (PF/Dbulk)](1/P)]]–
[C0,wr] 

Where Cwr,add = concentration of FME added to mantle 
wedge, Ccpx-obs= observed pyroxene, Dcpx and Dbulk = mineral 
and bulk partition coefficients, P=melt proportion, and F=melt 
fraction. Our results show that high concentrations of fluid-
mobile elements in supra-subduction peridotites result from a 
continuous flux of aqueous fluid or fluid-rich melt phase 
derived from the subducting slab, and allow us to quantify the 
composition of the fluid added.  
 
[1] Shervais 2001 G3 #2000GC000080, [2] Metcalf and 
Shervais 2008 GSA SP 438 191–222, [3] Choi et al 2008 Cont 
Min Pet 155 551-576, [4] Choi et al 2008 Geology 36 595-598. 
[5] Jean et al 2010 Cont Min Pet 159 113-136, [6] Shervais & 
Jean 2012 Geochim Cosmochim Acta 95 270-285. 
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The variation in abundance of chemical elements in 

granitoids is seen as an important part of the study of element 
abundances of the Earth’s crust. The average chemical 
composition and chemical element abundances of granitoids of 
China were calculated based on the actual granitoid analytical 
data of 70 elements in 767 composited samples. The data 
source is 6080 samples collected mainly from 750 large- to 
middle-sized granitoid bodies across China [1]. The 
abundances of chemical elements of granitoids of China and 
the world of Vinogradov (1962) [2] are compared on the 
petrochemical parameters, trace elements content and rare 
earth element distributions.  

Comparing to the abundances of chemical elements of 
granitoids of the world, in rock geochemistry, China granitoids 
is characterized by rich in SiO2, Na2O and K2O. In the trace 
element characteristics, in addition to higher Ag, Bi, Pb, Sc, Hf 
and Tm content, other elements content of China granitoids are 
lower. China granitoids is in the lower position on the 
Chondrite-normalized spider diagram of trace elements. In the 
distribution of rare earth elements,∑REE, LREE, HREE and 
LREE / HREE of China granitoids were significantly lower, 
and on the REE distribution patterns the curve position of 
China’s granitoids is below the world granitoids. On the 
contrary, δ Eu of Chinese granitoids is larger than that of the 
world granitoids.  
 
[1] Shi et al ( 2005) Geochemica, 34 (5):470-482. [2] 
Vinogradov (1962) Geochemistry, (7):641-664. 
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Core-formation represents the most significant 
differentiation event in Earth’s history. Our planet’s present 
layered structure with a metallic core and an overlying mantle 
implies that there must be a mechanism to separate iron alloy 
from silicates in the initially accreted material. Many previous 
experimental results have ruled out percolation as a major core 
formation mechanism for Earth at upper mantle conditions, but 
until now experimental results at lower mantle conditions were 
not possible due to the ultrahigh pressure-temperatures which 
lead to very small sample sizes requiring nanoscale resolution. 
We investigated the ability of a liquid iron alloy to form an 
interconnected melt network with (Mg,Fe)SiO3 perovskite 
(pv) under Earth’s lower mantle conditions by combing laser-
heated diamond anvil cell with nanoscale synchrotron X-ray 
tomography [1]. We imaged a dramatic change in the shape of 
the iron-rich melt in the three-dimensional (3D) 
reconstructions of samples prepared at varying pressures and 
temperatures, providing evidence that percolation would be a 
viable mechanism at Earth’s lower mantle conditions. This has 
significant implications for the evolution of the planet, Earth’s 
early thermal history, and the large scale geochemical 
distribution of elements. 
 

[1] Shi et al (2013) Nature Geoscience. doi:10.1038/ngeo1956. 
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Gufeng Formation were special deep-water Middle 

Permian deposits in South China. Numerous radiolarians, but 
few geochemical studies have been reported from these well-
preserved strata during the past decades. In this study, we 
focus on the geobiological processes of both radiolarian and 
oceanic environments, which can be explored by geochemical 
data.Twenty-one radiolarian species and six undetermined 
species belonging to ten genera were recovered from the 
Gufeng Formation of the Maocaojie section, Jianshi area, West 
Hubei Provinces, China, which is located in the northern 
margin of the Yangtze platform. Three radiolarian Zones, 
Pseudoalbaillella globosa, Follicucullus monacanthus, 
Follicucullus scholasticus zones (in ascending order), were 
established and can be correlated well to the radiolarian fauna 
from other area. The assemblages of radiolarians together with 
other organisms (e.g., sponge spicule) suggest that the 
depositional depth of the section varies between 150–500 m. 

The depositional settings of the Gufeng Formation were 
various in different basins base on the geochemical analysis; 
the northern marginal basins (South Qinling Basin and Lower 
Yangtze Basin) were marginal environment, but the southern 
margin basin (Nanpangjiang Basin) was ridge environment. 
Corresponding, the origin of the chert were biological source 
and hydrothermal source in northern and southern marginal 
basins respectively. The redox condition varied from oxic-
euxinic-suboxic from the Lower to the Upper Units of the 
Gufeng Formation in this study. These changes of ocenaic 
conditions results in the distributions of different radiolarian 
orders: Both deep-water and shallow-water orders were bloom 
under oxic condition. However, under reducing condition, 
shallow-water order of radiolarian were abundance, the deep-
water orders went disappear for the catastrophic condition in 
the water coloum. 

Higher correlations between abuncance of Spherical 
radiolarian and the values of geochemical productivity 
indicators indicate Spherical radiolarian could be used as an 
indicator of primary productivity in Gufeng Formation as in 
other peroids.  
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NASA’s Genesis mission reveals that the rare isotope 15N 

is ~7 times more enriched than the rare isotopes 17O and 18O in 
the terrestrial planets relative to the Sun. Here we explain this 
peculiar observation under the framework of CO and N2 
vacuum ultraviolet (VUV) photodissociation and self-
shielding. We first document the direct observation of C(3P) + 
O(1D) from CO predissociation. This observation shows that 
the dissociation channel C(3P) + O(1D) that violates the 
electron spin conservation rule can be induced through spin-
orbit coupling with triplet valence states that connect to 
potential curves correlating to this photoproduct channel. We 
have then determined the branching ratios for all product 
channels induced by VUV photodissociation of CO and N2 
over the entire VUV photon energy ranges relevant to isotopic 
self-shielding. We demonstrate that the atoms in excited O(1D) 
and N(2D) states induced by VUV are significantly more 
reactive than those in the ground O(3P) and N(4S) states. 
Branching ratios between these states were determined to 
quantitatively evaluate the efficiency of locking in isotopic 
effects from self-shielding. Weighted by absorption cross 
sections, mutual shielding by H2, and considering the CO/N2 
ratio and the partition of O and N among gas, ice, and dust 
phases in the solar nebula, we find that the ultimate trapping of 
N(2D) via hydrogenation is favored over that of O(1D) by a 
factor of >5.1 from self-shielding. This is consistent with the 
Genesis results and supports the self-shielding model as the 
primary mechanism for generating isotopic anomalies of O and 
N in the early solar nebula. 
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The Permian mafic rocks (e.g. diabase and basalt) are 

concentrated in the Longchuan of western Guangxi, 
economically significant gold mineralizations are genetically 
associated with these mafic rocks. These ores have many 
features in common and can be grouped into a single type of 
lode gold deposit widespread throughout mafic rocks. 
However, the causes of magmatism and related gold deposit 
background are controversial. Based on petrographic, major 
and trace element data, the geochemical characteristics of the 
bulk of mafic rocks displayed ocean island basalt (OIB)-like 
signatures (Figure 1). Their trace element concentration 
patterns enriched in highly incompatible elements, Nb and Ta, 
which was akin to those of the Emeishan flood basalts. On the 
Th/Yb and Ta/Yb trace element ratios co-variation diagram, 
Longchuan mafic rocks plot in the OIB mantle array, 
indicating mantle plume origin. Owing to the Longchuan 
located in the outer zone of Emishan flood-basalt province, we 
suggest the Longchuan ore forming events and related 
magmatism were probably associated with Emishan mantle 
plume. 

 

 
Figure 1. Primitive mantle-normalized incompatible element 
concentrations of Longchuan mafic rocks. 
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Tectonic evolutionary history of the Qinling orogenic belt 

We present systematic geochemical, geochronological and 
zircon Lu-Hf isotopic data on the metamorphic rocks in the 
Qinling orogenic belt (QOB) to constrain its timing of 
formation and tectonic evolution. We address the tectonic 
evolution of the QOB during Mesoproterozoic to early 
Paleozoic involving the following major events: (1) Late 
Mesoproterozoic to early Neoproterozoic (Grenvillian) 
northward subduction of the Songshugou Ocean (Fig. 1a); (2) 
Early-middle Neoproterozoic bidirectional subduction and 
collision (Fig. 1b, c); (3) Middle Neoproterozoic post-collision 
extension (Fig. 1d); (4) Middle-late Neoproterozoic within-
plate extension (Fig. 1e); (5) Late Neoproterozoic-early 
Paleozoic opening of the Shangdan ocean (Fig. 1e); and (6) 
Early Paleozoic subduction-collision. We thus trace at least 
two distinct Wilson cycles in the QOB (Fig. 1g). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Schematic cartoon showing the tectonic evolutionary 
history of the QOB. 
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Plants are documented drivers of weathering processes in 

soils. Their rhizospheric microbial associations affect mass 
transfers, facilitate plant nutrient acquisition, and greatly 
influence soil formation. However, the role of rhizospheric 
biofilms in these processes is still poorly understood. The goals 
of our study are to determine how biofilms affect mineral 
weathering, plant nutrient uptake, soil water chemistry, and 
cation mass fluxes. 

This study summarizes three laboratory and meso-scale 
field experiments that investigated plant-microbe-mineral 
interactions, biofilm formation, water chemistry, and cation-
mass transfer in soil and mineral systems [1, 2, 3]. Two 
laboratory column experiments studied the effect of red pine 
seedling growth on mineral weathering in sand and mineral 
mixtures under the impact of varying degrees of cation-nutrient 
stress and varying microbial community development. A field 
“sandbox” experiment examined mineral weathering by adult 
mature red pine trees under controlled conditions. Microscopy 
revealed biofilm formation on mineral surfaces in all three 
studies but the percent of biofilm coverage on mineral surfaces 
was higher for the field experiment and one laboratory study in 
both of which fungi formed mycorrhizal association with plant 
roots. Soil water pH, plant biomass development, and cation 
mass fluxes were correlated with the biofilm coverage on 
mineral surfaces. Our results suggest that biofilms may 
mediate mineral-microbe-root chemical exchanges, isolating 
these exchanges from denudation by water transport and 
creating resilient microenvironments, and holding keys to 
regulation of microbial and plant responses that directly impact 
ecosystem element cycling. 

 
[1] Keller et al (2006) Ecosystems 9: 634–646; [2] Balogh-
Brunstad et al (2008) Biogeochem. 88 (2):153-167; [3] Shi Z et 
al (2014) Plant Soil in press; DOI: 10.1007/s11104-013-2016-
2. 
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It belived that the origin of the magma produced adakite is 

genrated by the slab melting [1]. However, the detailed genesis 
of adakite is still under the issue [2], so the accumulation of the 
study for adakite is considered to be important. Kyushu arc, 
SW Japan, is suitable field to do this, because Quaternary 
volcanoes are distributed along the arc, and both of the 
magamas, which could be related to slab melting and slab 
fluid, are observed. Therefore, the major, trace element and Sr, 
Nd and Pb isotope data of Quaternary magmas from northern 
Kyushu, SW Japan, were investigated. The along arc variation 
of decreasing Sr/Y from north (Sr/Y =30–100; Himeshima) to 
south (Sr/Y =6–24; Aso) is observed. Major and trace element 
compositions of magmas from Quaternary volcanoes of 
Himeshima, Futagoyama, Yufu-Tsurumi and Kuju are within 
the ranges, which can be linked to partial melting of the 
subducted slab [e.g. 1, 2]. The Sr-Nd-Pb isotope ratios of the 
magmas lie principally on the mixing curves between MORB 
and oceanic sediments on the Philippine Sea plate (PSP), or 
Shikoku Basin basalt and oceanic sediments on the PSP, with 
minor deviation being attributable to shallow crustal 
contamination. The decrease of 87Sr/86Sr with increasing Sr/Y 
and SiO2 argues against a genetic link by fractional 
crystallization between adakites and basaltic magmas. On the 
basis of these observations, we conclude that high Sr/Y ratio of 
Quaternary magmas of northern Kyushu reflects partial 
melting of the subducted PSP. Beneath the Aso volcano, the 
boundary of young PSP and Palau-Kyushu ridge might exist, 
indicating Palau-Kyushu ridge presumably runs beneath Aso 
which also coincides with the southwestern end of the SW 
Japan arc. 

 
[1] Defant & Drummond (1990) Nature, 347, 662–665. [2] 
Castillo (2006) Chinese Science Bulletin, 51, 257-268. 
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Uranium is soluble, relatively mobile and toxic in its 
oxidized state, U(VI). In contrast, U is relatively insoluble and 
generally immobile in its reduced state, U(IV). This has led to 
the pursuit of U(VI) reduction as a remedial strategy for 
contaminated groundwater. Both laboratory and field studies 
have revealed that the rate of 238U removal is slightly higher 
than that of 235U for microbial U(VI) reduction (discussed as 
δ238U). At the former U mill site in Rifle, CO (USA), acetate-
induced biostimulation (under both iron and sulfate reducing 
conditions) results in shifts in the δ238U of U(VI) of −1.3 and –
1.9‰, respectively, for a >90% apparent U(VI) loss. These 
changes in 238U/235U accompany large changes in U 
concentration (dropping from 150–200 ppb U to ~10 ppb U) 
and demonstrate the use of 238U/235U to detect and quantify the 
extent of U(VI) reduction in groundwater.  

Uranium is readily oxidized by dissolved oxygen (DO) and 
other oxidants, such as nitrate, MnO2, and ferrihydrite, posing 
a problem for long-term bioremediation efficacy. Because 
reduction of U(VI) deposits isotopically heavy U(IV) toward 
the upgradient side of the reduction zone, remobilization of 
this U has the potential to reveal itself in the form of 
isotopically heavy dissolved U(VI) should oxidation 
accompany the cessation of active remediation and a rebound 
in aquifer redox status. 

To examine changes in U concentration and 238U/235U 
accompanying re-oxidation, we present results of two field 
experiments (2012 and 2013) performed at the Rifle site. In 
both experiments, an oxidant (DO and nitrate, respectively) 
was injected into a previously biostimulated plot (2011 and 
2012). Both DO and nitrate injections led to U concentration 
increases (up to 270 and 550 ppb, respectively), well above 
that of upgradient groundwater (~175 ppb). For the DO 
injection, U concentration increases were accompanied by 
increasing δ238U from –0.60‰ to 0.00‰, possibly indicative of 
re-oxidation of isotopically heavy U(IV). δ238U results from 
the nitrate injection will provide additional clarification.  

This study provides the first examination of U isotope 
systematics during re-oxidation in the field and thus 
contributes to the development of 238U/235U as a valuable tool 
for assessing U bioremediation efforts. 
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Understanding of trace elements in rivers has somewhat 

lagged our understanding of their behavior in the oceans, in 
part because of the wide spatial and temporal variability of 
fluvial concentrations. As the Greek philosopher Heraclitus 
stated: “You could not step twice into the same river; for other 
waters are ever flowing on to you.” However, with the 
application of ultra-clean techniques and the subsequent 
accumulation of high quality fluvial trace element data, great 
progress has been made in this important aspect of water 
quality. Application of new techniques ranging from field flow 
fractionation to x-ray spectroscopy have also yielded insight 
into fluvial trace element behavior. 

Fe and Mn are key metals in natural waters because their 
redox cycling tends to involve the cycling of organic matter 
and because the oxides of these elements are important carriers 
of other trace elements. For Fe, the colloidal suspended phase 
largely results from precipitation of ferric hydroxide except in 
glacial regimes where colloidal Fe is associated with alumino-
silicates. Dissolved (or small colloidal) Fe behavior can 
generally be reproduced by a simple model balancing organic 
complexation versus FeOOH solubility control, both of which 
are pH-dependent. For Mn, reducing sources are particularly 
important as can be microbial oxidation in floodplain waters.  

For many other trace elements, their particle-reactivity or 
organic complexation affects their behavior in a manner 
similar to that of Fe. Redox cycling, either of the specific trace 
element or of Fe, Mn, and organic carbon can also be a 
dominant variable. Indeed, “redox pumping” from seasonal 
effects such as the spring soil flush, overturning lakes, and 
temperature effects on redox processes can be an important 
factor in temporal concentration variability. Among the various 
groups of trace elements, the rare earth elements (REEs) hold 
great promise as indicators of the importance of sorption 
versus complexation versus redox processes, even in the face 
of anthropogenic perturbation of some REEs in the series. 
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Oxidation state of arc magmas highly influences the 
chemical behaviors of redox sensitive elements such as 
chalcophile and some siderophile elements in subduction zone. 
Therefore, Oxidation state of arc magmas is essential to 
understand arc magma geneses and evolutions of ore deposits. 
It has been suggested that sub-arc mantle is oxidized by 
subducted materials such as fluid, sediments and oceanic crust. 
However, recent studies contradicted that the oxidation state of 
primary arc magma (sub-arc mantle) is similar to the average 
upper mantle and oxidation is caused by differentiation 
associated with crystallization and interaction within 
preexisting crust (e.g. Lee et al., 2012, Science, v336, p64).  

 In order to constrain oxidation state of primary arc 
magmas at an immature subduction zone, we have analyzed 
S6+/ΣS of boninitic and tholeiitic melt inclusions within Cr-
spinel from Bonin Islands and Guam by soft X-ray microbeam 
at SPring-8/BL27SU. Boninite in Bonin Islands uniquely 
formed at the early stage of subduction formation (~50 Ma) by 
melting of highly depleted hydrous mantle and 0-7 myrs later, 
related arc tholetiites erupted in southern Bonin Islands and 
Guam by melting of depleted mantle (Ishizuka et al., 2011, 
EPSL, v306, p229). Compositions of melt inclusions fully 
cover compositional ranges of whole-rocks and some boninitic 
melt inclusions have MgO higher than 20 wt%, showing that 
they are very primitive magmas. S6+/ΣS of boninitic and 
tholeiitic melt inclusions are 0.57 to 0.78 and 0.47 to 1, 
respectively; S6+/ΣS of all high-MgO (7 to 12 wt%) tholeiitic 
melt inclusions are > 0.9. Oxygen fugacities of primary 
boninite and tholeiite are estimated to be ΔFMQ > +1 and > 
+1.5, respectively by experimental results of Jugo et al. (2010, 
GCA, v74 p5926), indicating that sub-arc mantle is oxidized 
even at an early stage of subduction zone. Between the period 
of eruption of boninite and tholeiite, not only mantle sources 
but also the subducting component in term of oxidation state of 
sub-arc mantle may have changed.  
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SIMS methods for analysis of lithophile trace elements in 
silicate minerals and glasses go back several decades already 
and their contributions to solid-earth geochemistry have been 
well documented. Studies of zoned minerals exemplify useful 
spatial resolutions provided by SIMS, including age-zoned 
zircons, chemically zoned phenocrysts and metamorphic 
minerals, as well as chemically heterogeneous garnet 
inclusions in diamonds. SIMS methods have also been 
successful in geothermometry and geospeedometry, and in 
determining diffusion profiles in experimental systems. 
Addition of volatile elements (CO2, H2O, F, S, Cl) in the 
repertoire in relatively recent years has expanded usefulness of 
SIMS in studies of volatile fluxes through mid-ocean ridge 
basalts, and of degassing of magma bodies. Capabilities of 
SIMS in providing isotope data for minerals, glasses and glass 
inclusions (D/H, δ7Li, δ11B, δ34S, Pb, among others) further 
contribute to advancement of our understanding of igneous 
processes and deep recycling of elements. Examples of recent 
advances include: (1) D/H evidence for post-entrapment 
diffusive loss of hydrogen from olivine-hosted melt inclusions, 
(2) experimental determinations of melt-fluid sulfur isotopic 
fractionation factors, (3) large sulfur isotopic variations in 
olivine-hosted melt inclusions from MORB, and (4) 
benchmarking of boron isotopic composition of the upper 
mantle through MORB glasses. 

Challenges to SIMS techniques are derived from processes 
of sputtered ion formation, and require continuing efforts for 
developing standard materials. For significantly increasing 
number of secondary ions, laser post-ionization should be 
seriously developed. 
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Contrary to common assumptions in satellite-based 
analysis of aerosol-cloud interactions, ∂lnCCN/∂lnAOD is less 
than unity, i.e., the number concentration of cloud 
condensation nuclei (CCN) less than doubles as aerosol optical 
depth (AOD) doubles. This is explained by condensation, 
coagulation and cloud processing that either drive particles 
from the Aitken mode to the accumulation mode or separate 
these two modes. This paper reports on the relationship in local 
air masses between CCN concentration, aerosol size 
distribution and light extinction observed during airborne field 
observations (e.g., ARCTAS, INTEX-B). The CCN-to-local-
extinction ratio, when averaged over 1 km distance and sorted 
by the wavelength dependence of extinction, varies 
approximately by a factor of 2. This, together with 
uncertainties in aerosol hygroscopicity, vertical profile and 
AOD retrievals, challenges AOD-based CCN estimates. 
However, these large differences in estimated CCN may 
correspond to a considerably lower uncertainty in cloud drop 
number concentration (CDNC), given the sublinear response of 
CDNC to CCN. We discuss implications on the use of visible 
and near-infrared AOD from nadir-view passive satellite 
sensors. 
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The dominant component of atmospheric organic aerosol is 

that derived from the oxidation of volatile organic compounds 
(VOCs), so-called secondary organic aerosol (SOA). SOA 
consists of a multitude of organic compounds, only a small 
fraction of which has historically been identified. Formation 
and evolution of SOA is a complex process involving coupled 
chemical reaction and mass transport in the gas and particle 
phases. Current SOA models do not embody the full spectrum 
of reaction and transport processes nor do they identify the 
dominant rate-limiting steps in SOA formation. The recent 
advent of soft ionization mass spectrometry methods now 
facilitates a more complete molecular identification of SOA 
than heretofore possible. Based on such novel measurements, 
we show here that the chemical evolution of SOA from a 
variety of VOC precursors adheres to characteristic “molecular 
corridors” with a tight inverse correlation between volatility 
and molar mass. Sequential and parallel reaction oxidation and 
dimerization pathways progress along these corridors through 
characteristic regimes of reaction-, diffusion-, or 
accommodation-limited multiphase chemical kinetics that can 
be classified according to reaction location, degree of 
saturation, and extent of heterogeneity of gas and particle 
phases. These molecular corridors constrain the properties of 
unidentified products and reaction pathways and rates of SOA 
evolution, thereby facilitating the further development of 
aerosol models for air quality and climate. 

 



 Goldschmidt2014 Abstracts  

 

2296 

2296 

Water content of stishovite, majorite, 
and perovskite inclusions in Juina 

superdeep diamonds 
S.B. SHIREY1, E.H. HAURI1, A.R. THOMSON2,  
G.P. BULANOVA2, C.B. SMITH2, S.C. KOHN2  

AND M.J. WALTER2 
1DTM, Carnegie Institution of Washington, Washington DC 

20015, USA (shirey@dtm.ciw.edu, hauri@dtm.ciw.edu) 
2Dept Earth Sciences, University of Bristol, Queen’s Road, 

Bristol BS8 1RJ, UK (andrew.thomson@bristol.ac.uk) 
 

The water content of the deep mantle is poorly known, 
could vary from ‘wet’ to ‘dry’, and strongly influences mantle 
rheology, melting temperature, and electical conductivity. 
Superdeep (sublithospheric) diamonds from the transition zone 
and lower mantle potentially provide an opportunity to directly 
identify the role of water in the deep mantle because they carry 
silicate, oxide, and sulfide micro-inclusions.  

Low N content and Type II diamonds from the 93 Myr old 
Collier 4 and Juina 5 kimberlite pipes in the Juina field, Brazil 
show complex growth structures and dominantly light C 
isotopic compositions (-20‰ to -25‰) likely from recycled 
subducted components [1]. We measured diverse inclusion 
assemblages that formerly were stishovite, majorite, and a 
variety of Ca perovskites for major element compositions with 
quantitative EDS on a field emission SEM and water content 
with the DTM NanoSIMS 50L. For SIMS analysis, 
simultaneous scanning ion imaging of 12C, 16O1H, 18O, 19F, 30Si 
and 56Fe was employed and data was reduced using the 
L’image (© LR Nittler, DTM) image-processing software to 
concentrate on favorable portions of mineral grains and 
examine how water content varied within host mineralogy on 
the micro-scale.  

H2O contents (in ppm) vary greatly between inclusions in 
different diamonds from nominally-anhydrous phases such as 
olivine (30-60), and ferropericlase (40) to phases known to 
host water such as coesite (80-90), majorite (80-670 ppm), and 
Ca-Si-Ti-perovskite (320-4000). Water is preferentaially 
partitioned into kyanite (300-500) exsolved from stishovite, 
and cpx (180-4200) exsolved from majorite. These systematics 
suggest some retention of original water despite the potential 
for loss to the inclusion-diamond interface and during 
retrograde recrystallization. The data show water can be 
subducted to the deep mantle but concentrations are lower than 
the experimentally-measured water capacity of many of these 
phases. This suggests either lower aH2O in diamond-forming 
fluids/melts (carbonatitic?) or a drier-than-expected mantle 
transition zone.  

 
[1] Bulanova et al (2010) Cont. Min. Pet. 160 489-510.  
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The geochemical variability preserved in mid-ocean ridge 
basalts (MORB) is a key tracer of the magmatic storage and 
transport processes they experience during their ascent through 
the mantle and crust. The effect of these processes is to 
collapse the huge diversity of melt compositions predicted to 
form during polybaric fractional melting of a lithologically 
heterogeneous mantle, into the narrow range we see expressed 
in most mod-ocean ridge settings. Magma chambers can 
therefore be seen as contaminating the variance structure of 
primitive mantle melts, even without wall-rock assimilation 
contaminating melts by chemical addition. 

In portions of the mid-ocean ridge system such as Iceland, 
by combing the record of magma chemistry archived in melt 
inclusions with the uniquely large amount of whole-rock data 
from the region, we have reconstructed a partial history of 
magma mixing and are able to recover a more primitive 
spectrum of magma chemical diversity. The key observation is 
that as crystallisation proceeds, mixing in magma chambers 
progressively reduces geochemical variability, until by ~5wt% 
MgO almost all primary chemical diversity has been lost. 
These chemical systematics allow us to make predictions about 
how mixing processes should operate in MORB generally and 
the key factors controlling mixing efficiency: crustal thickness, 
magma supply rate, and by extension spreading rate, and 
mantle potential temperature. However, with its low sampling 
density, the global MORB database does not easily allow 
testing of these hypotheses. 

We have developed a novel geospatial statistical analysis 
to bridge the gap between observations made on a small scale 
– in single ridge segments – to the entire global dataset of 
MORB chemistry. By analysing the geochemical variance in 
MORB over a range of bandwidths we have captured the 
~2000km lengthscale at which the simple relationships 
between geochemical variability and MgO appear. This result 
demonstrates that on short lengthscales mantle chemical 
structure and magmatic processes operate coherently in the 
creation and destruction of geochemical variability. 
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Marine ferromanganese nodules have been investigated on 

various aspects, such as elemental composition, mineralogy 
and microstructure, since they were discovered during the 
Challenger Expedition in 1872–1876. Despite the numerous 
studies, there is no a consensus within the scientific 
community on the source and precipitation mechanism of the 
ore material in marine manganese nodules. Two possible 
options would be (1) chemical oxidation (abiotic origin) and 
(2) deposition of the metals through microbial enzymatic 
processes (biogenic origin) [1,2]. Although both of them are 
widely discussed in literature, the role of organic matter during 
the formation of nodules is not yet clear. 

A detailed investigation of organic matter (OM) of 
nodules, in our view, could clarify this situation; however such 
data are quite scanty. Today there is no information about the 
contribution of OM in the nodules of the Arctic seas and its 
transformation into them. 

We present here the molecular and group composition of 
n-alkane hydrocarbons and PAH analyzed in the samples of 
ferromanganese nodules collected in the Kara Sea during the 
125th cruise of R/V "Professor Shtockman" in October 2013. 
All solvent extracts from the samples have been studied by gas 
chromatography/ mass-spectrometry (GC/MS) technique. 
Investigation of hydrocarbon biomarkers allows revealing 
main sources and features of the geological and 
biogeochemical transformation of organic matter. 

This study was supported by the Grant of President of 
Russia МК-5786.2014.5. 
 
[1] Baturin G.N., 1986. 327 p. [2] Nayak B. et al // J. of As. 
Earth Sci, 2013. № 73. P. 296-305. 
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Uranium isotope ratios are a relatively novel and powerful 

tool with strong potential as a tracer/proxy of various natural 
and anthropogenic processes. Some of its prospective uses 
became possible with MC-ICPMS and range from uncovering 
the extent of past anoxia/euxinia registered in sedimentary 
rocks to tracking mineral weathering processes. Here we 
discuss the use of U isotopes as a way of localizing the source 
of polluted sediments, product of mining activities. The case 
study of Santa Rosalia copper mining region (Baja California 
Sur, Mexico) presented here focuses on a strongly polluted 
with Co, Cu, Mn, U and Zn coastal marine environment. 
Copper minerals, smelting wastes, beach and marine sediments 
were collected in 2011 and analyzed for 238U/235U and 234U/238U 
ratios. Some of the results indicate a large variability in U 
isotopic composition. This suggests complex physicochemical 
processes that produce isotopic fractionation, mainly involving 
the interaction between the mineralization/industrial wastes 
and the marine environment, probably upon contact with sea 
water. Values of ε235U (around -20) and δ234U (approx. 100‰) 
detected for the copper mineral, were not as similar to the 
values from most of the clearly polluted and nonpolluted 
samples, with the except of two samples. One of them have a 
similar δ234U value than the mineral mentioned above. The 
second one, being a marine sediment sample, displays a very 
negative δ234U (-74‰) and peculiar ε235U (-11.5) value. 
Finally, historical data indicate that the local smelter at Santa 
Rosalía processed copper mineral extracted not only from the 
adjacent area, but also from other distant ore deposits (Sonora 
state, Mexico; as well as Chile). Those copper minerals might 
have had a distinct uranium isotopic fingerprint. This effect 
should not be discarded as we interpret complex systems like 
Santa Rosalia. 
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Asian continent is a major source of natural dust and 
pollution (Simoneit et al., 2004). It has a marked influence on 
the atmospheric chemical compositions to the regions nearby 
(Clarke et al., 2004). Likewise, fingerprints of Pb stable 
isotope from Gobi in the southern Mongolia were observed in 
the Chinese Loess Plateau (Wu et al., 2011). The magnitude of 
Pb stable isotopic ratio, therefore, can be used in tracing Pb 
pollution and also the origin of geological formations. Current 
survey aimed to quantify Pb isotopic signatures in Mongolian 
rural and urban soils. This information was still missing and it 
should provide valuable baseline data on Mongolian sources.  

Countryside of Mongolia is a pristine environment due to 
its sparse population and low industrial activity compared to 
the capital city of Ulaanbaatar. Average concentration of Pb in 
urban soils (20.35 to 54.71 mg⋅kg−1) is twice the values that are 
found in the rural soils. Furthermore, covariance of Pb stable 
isotopic compositions showed two distinct groups between 
rural and urban soils as pristine and disturbed sites. The 
206Pb/207Pb ratio was 1.163−1.185 for the urban soils, whereas 
values for rural soils (1.186−1.207) were analogous to regional 
natural fingerprints. Coal is one of potential Pb pollution 
sources in Ulaanbaatar and has high radiogenic properties in 
terms of Pb isotopic compositions, and revealed an average of 
1.25 for 206Pb/207Pb. Thus, contributions from coal firing 
activity to Pb pollution are assumed to be lower than it was 
thought. The depressed values measured in urban soils may be 
ascribed to the mixing of less radiogenic Pb used as an additive 
in such products as gasoline. The 206Pb/207Pb ratios for roadside 
soils from the city, however, were higher than those for the 
imported leaded gasoline and vehicle exhausts. Thus, vehicle 
exhaust and coal combustion appear to have a competing 
influence on the Pb isotopic composition of urban soils. Only 
available data on Ulaanbaatar aerosol from 1995 were 
comparable to the urban soil 206Pb/207Pb composition giving 
value of 1.163; therefore, it is reasonable to conclude that Pb 
pollution source in Ulaanbaatar is nearly constant local source.  
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The simultaneous diffusion of both cosmogenic 38Ar and 
radiogenic 40Ar is controlled by the thermal conditions of rocks 
while residing near planetary surfaces. In particular, combined 
observations of 38Ar/37Ar and 40Ar/39Ar ratios during sequential 
degassing analyses of neutron-irradiated Apollo samples can 
be used to distinguish between diffusive loss of Ar due to solar 
heating of the rocks and that associated with elevated 
temperatures during or following impact events; the data 
provide quantitative constraints on the durations and 
temperatures of each process. From the 38Ar/37Ar ratios can be 
calculated a spectrum of apparent 38Ar exposure ages versus 
the cumulative release fraction of 37Ar, which is particularly 
sensitive to conditions at the lunar surface typically over ~106-
108 year timescales. Due to variable proportions of K- and Ca-
bearing glass, plagioclase and pyroxene, with variability in the 
grain sizes of these phases, each sample will have distinct 
sensitivity to, and therefore different resolving power on, past 
near-surface thermal conditions. We will discuss the 
underlying assumptions, and the analytical and numerical 
methods used to quantify the Ar diffusion kinetics in multi-
phase whole-rock analyses that provide these constraints. We 
will then present applications of this method using new data 
from whole-rock analyses of Apollo 15 basalts and recently 
publisheda,b data from Apollo 11 basalts. The open system 
behavior in both a radiogenic and a cosmogenic nuclide 
provides internal consistency tests on best-fitting solutions of 
time-integrated thermal conditions of rocks collected from 
planetary surfaces.  

 
[1] Shea E., Weiss B.P., Cassata W.S., Shuster D.L., Tikoo 
S.M., Gattacceca J., Grove T.L., Fuller M.D. (2012), A long-
lived lunar core dynamo, Science, 335 (6067), 453-456. [2] 

Suavet C, Weiss B.P, Cassata W.S., Shuster D.L., Gattacceca 
J., Chan L., Garrick-Bethell I., Head, J.W., Grove T.L., and 
Fuller M.D. (2013) Persistence of the Lunar Core Dynamo, 
Proceedings of the National Academy of Sciences, 110 (21), 
8453-8458. 
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The biosphere catalyzes a variety of biogeochemical redox 

reactions resulting in the transformation of gold (Au). In 
particular, the oxidation and reduction of sulfur compounds 
appears to drive the cycling of Au in many environments. 
Weathering of electrum produces ‘bacteriomorphic’ Au 
structures, a controversial form of ‘biogenic’ Au representing a 
dissolution feature of hypogene material. From the 
geochemistry literature, weathering of Au-bearing metal 
sulfides produces chemically mobile Au(I)-thiosulfate-, and in 
hypersaline environments, Au(III)-hydroxo-chloride 
complexes. Conversely, microbial destabilization of these 
Au(I/III)-complexes is coupled to the biomineralization of Au, 
i.e., the formation of secondary Au, completing the cycle, and 
potentially forming genuine bacteriomorphic gold. However, 
the biogeochemical transformation of Au does not stop here. 
Previously, Friese [1] highlighted the importance of 
biodegradation of plant materials, presumably mediated by 
microbial activity, for the formation of macroscopic aggregates 
of crystalline secondary Au. Using culture studies, we have 
demonstrated that destabilization of Au(I/III)-complexes can 
occur directly and indirectly by the growth of bacteria and 
through microbial Fe- and S-cycling. Synchrotron 
spectroscopy techniques (µXRF, µXANES and µEXAFS) 
have allowed us to map the distribution and speciation of Au in 
individual C. metallidurans cells and demonstrate the 
importance of organic sulfur compounds in the transformation 
of Au(I/III). In these systems, secondary Au begins as colloidal 
nano-particles that aggregate forming micro-crystalline 
octahedral Au crystals. Studying these interactions from the 
nano- to the macro-scale has shown a close correlation 
between laboratory culture experiments and field materials, 
where the continuum of dissolution – re-precipitation 
processes can result in the formation of laboratory or naturally 
‘grown’ Au grains. These grains represent an increase in size 
between 5 and 6 orders of magnitude compared to the 
‘original’ colloidal material. Remarkably, through microbial 
action, aggregation of nano-phase gold into gold grains can 
occur on the time-scale of days. 
 
[1] Freise. 1931. Economic Geology 26, 421-431. 
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The Jucurutu Fm. in the Seridó Belt, NE Brazil, 

encompasses fine- to coarse-grained amphibolite-facies 
marbles, locally with cross-bedding and stromatolite structures. 
BIFs of three localities in this belt comprise itabirites and 
tremolite schist, and are overlain by marbles of the Jucurutu 
Formation. Diamictites of uncertain stratigrahic position 
exhibit clasts up to 0.6 m long and a fine-grained pelitic 
matrix. 

δ13C stratigraphic pathways for carbonates show negative 
values at the base, followed upsection by positive values. At 
the Ferro do Bonito Mine, values as low as -12‰ in carbonates 
above the contact with BIF are followed by values ~ -5‰ and 
upsection, by positive values (+4 to +10‰).  

δ13C values for overlying carbonates of the Jucurutu Fm. 
at Riacho Fundo, São João do Sabugi, and at Serra da Formiga 
are all positive, being contact zones between carbonates and 
BIFs covered by weathered material. 87Sr/86Sr values for 
carbonate rocks of the Jucurutu Fm. are mostly in the 0.7074-
0.7075 interval, a ratio commonly observed in the late 
Cryogenian to the early Ediacaran.  

BIFs exhibit Cr concentrations one magnitude higher than 
usual (85-400 ppm) and largely unfractionated Cr isotope 
composition, similar to average magmatic values (δ53Cr = -
0.123 ± 0.102). They are characterized by δ53Cr values 
between -0.42 and -0.12 ‰, exhibit strongly positive Eu 
anomalies up to 3.1 and Ce anomalies (Ce/Ce*) ranging from -
0.4 to 0.7. These BIFs possibly formed proximally to 
hydrothermal vents, in anoxic and acidic deep waters. Their 
deposition was followed by carbonates with “normal” Cr 
concentrations with slightly positively fractionated δ53Cr 
values and negative Ce/Ce* values between 0.4 and 0.5. These 
carbonates may represent post-glacial cap carbonates deposited 
in an anoxic to oxic shallow marine environment, as suggested 
by Ce/Ce* versus Pr/Pr* and Ce/Ce* versus Nd, although no 
glacial features occur in the underlying BIF.	  
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There is a renewed interest in volcanism as the major 
trigger for the Cretaceous‒Paleogene transition (KTB) 
dramatic climatic change, decrease in biodiversity and mass 
extinction. We have used Hg contents as proxy for volcanic 
activity at the classical localities of Gubbio, Stevns Klint, both 
with preserved KTB layer, and in a near-complete succession 
at the Neuquén Basin, Argentina. These three localities display 
δ13C pathways across the KTB with markedly negative 
excursion at the KTB. O isotopes yielded discrepant results at 
the KTB and, if primary, the negative δ18O excursion at 
Gubbio and Neuquén recorded temperature increase, whereas 
at Stevns Klint, positive δ18O anomaly points to temperature 
decrease. At Stevns Klint, Hg reaches 250 ng.g−1 in the KTB 
layer and in the Scaglia Rossa Fm. at Gubbio, three Hg spikes 
across the KTB were found (25 ng.g-1 at the KTB layer). Hg 
shows several spikes across the KTB in Neuquén Basin (up to 
400 ng.g−1, Jagüel Fm.). High Hg levels attest that whatever 
phenomenon caused dramatic changes at the KTB, it expelled 
huge amounts of Hg to atmosphere. Co-variation between Hg 
and alumina suggests that Hg is adsorbed onto clays. Four 
δ202Hg values for the KTB layer at Stevns Klint vary from -
2.34 to -1.06 ‰, within the range for volcanogenic Hg. Hg 
isotopes may become a key in the solution of the role of 
meteorite impact versus volcanism as the predominant cause of 
past global catastrophes and mass extinction. 
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The Baimka Cu trend, 250 km SW of Bilibino was formed 
in island arc and includes clusters of porphyry Cu deposits and 
prospects with total resources >20 Mt Cu. The region 
comprises J3 tuffaceous-terrigeneous sequence intruded by 
bodies of J3 gabbro, J3-K1 diorite porphyry, and K1 
monzodiorite, syenite and quartz monzonite porphyry 
associated with ore zones. 

At the Peschanka deposit among bornite-chalcopyrite-
molybdenite porphyry mineralization (0.6% Cu) only sporadic 
subepithermal sphalerite, Se-bearing galena, tennantite-
tetrahedrite, altaite, hessite, and native gold were determined. 

IS epithermal Au-Ag-Pb-Zn mineralization of the 
Nakhodka ore field (10 km S of Peschanka) occurs in phyllic 
rocks as quartz-carbonate stockwork cutting at the depth of 
150 m porphyry Cu-Mo ore body. The average grades are: 2.9 
g/t Au, 56 g/t Ag, 0.9% Pb+Zn, 0.15% Cu. The major 
epithermal ore minerals are As-bearing pyrite, chalcopyrite, 
galena, sphalerite, and Zn-rich tennantite-tetrahedrite; 
electrum, native gold, hessite, and altaite are minor; petzite, 
pearceite, stützite, and acanthite are rare. Among gangue 
minerals rhodochrosite and Mn-rich dolomite are typical. 

Recently by X-ray fluorescence prospecting several Cu 
anomalies have been discovered at the Omchak prospect (8 km 
SE of Nakhodka). They correspond to the jointing zones 
hosting porphyry Cu and epithermal Au mineralization similar 
in composition to that of Nakhodka. Porphyry Cu zones (0.37-
1% Cu) are framed by argillic alteration with quartz-carbonate 
veinlets bearing subepithermal Zn-Pb±Ag (0.11% Zn, 0.27% 
Pb, 38 g/t Ag) and epithermal Zn-Pb±Ag±Au±As (0.05-0.8% 
Zn, 0.003-0.35% Pb, 3.7-6.4 g/t Ag, 1.7-1.9 g/t Au, 153-1000 
g/t As) mineralization. One of the discovered Cu stockworks 
has high Au (0.7 g/t) and Ag (4.7 g/t) grades which is the 
effect of the superimposed LS epithermal mineralization — 
Se-pearceite and naumannite have been identified here. 

Occurrence of epithermal Au-Ag mineralization indicate 
moderate erosion level of the southern porphyry-epithermal 
systems, therefore main volume of porphyry Cu may be 
localized at depth. 
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To obtain fundamental knowledge on oxidation-reduction 

process of hexavalent chromium (Cr(VI)) coupling with 
natural materials, especially Fe(II)-bearing minerals, is 
essential to comprehensively understand and precisely predict 
Cr(VI) fate in the subsurface. In this study, we have 
investigated reduction mechanism of aqueous Cr(VI) by 
vivianite (FeII

3(PO4)2·8(H2O)) in the presence of major 
competing ions (Ca2+, HCO3

-) at pH 5 – 9. Different removal 
kinetics of Cr(VI) by vivianite were observed with respect to 
the different pHs (pH5: 100% in 1 min.; pH 7: 100% in 12 hr; 
pH 9: 100% in 24 hr), which is resulted from .electrostactic 
interaction between charged vivianite surface (PZCvivianite: 5.3) 
and dominant Cr(VI) species (CrO4

2-, HCrO4
-) under the pHs. 

Presence of competing ions influenced the formation of 
different Cr(VI) species (CaCrO4, CrO4

2-), however, did not 
affect the Cr(VI) removal kinetic by vivianite. Binding 
energies between Cr(VI) species on the vivianite surface were 
estimated by Quantum Calculations (Maestro and Cerius 2). 
The results have shown that Cr and O atom of Cr species are 
strongly bound with Fe and O atom of vivinaite surface, 
respectively. Regardless of Cr(VI) specie type, Cr(VI) can be 
removed by vivianite via form of Cr-Fe, Cr-O, and O-Fe 
bindings. EXAFS analysis results can verify the reaction 
mechanism by showing the similar binding properties (binding 
distance and angle) of Cr(VI) with vivianite surface. The 
molecular scale investigations using XAFS and QC showed 
that Cr(VI) bound on the vivianite surface was reduced to 
Cr(III)-oxide by receiving electrons from Fe(II) of vivianite 
surface.  
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Glacial atmospheric CO2 was ~100 ppm lower than 
interglacial periods. Geochemical evidence suggests CO2 was 
sequestered in a poorly-ventilated deep ocean during ice ages. 
At the end of the last ice age a rapid increase in atmospheric 
CO2 coincided with changes in seawater δ13C and deep-water 
radiocarbon, suggesting invigorated ventilation of the deep 
ocean and release of CO2 to the atmosphere. Here we present 
high-resolution benthic foraminiferal δ13C and δ18O records on 
Cibicidoides (primarily C. or P. wuellerstorfi) from an eight-
core depth transect (663-3836 m water depth) in the 
Australian-New Zealand region that documents rapid deglacial 
changes in intermediate and deep stratification in the 
Southwest Pacific Ocean. During the last glacial period, 
strongest gradients in δ18O and δ13C were between ~660 and 
~1600 m (Δδ13C was ~1.7‰, more than double the Holocene 
difference of ~0.7‰), This represents a geochemical divide 
between well- and poorly-ventilated waters. A rapid, transient 
shallowing of the δ18O divide at ~18 ka was followed at 16 ka 
by a pulse of δ13C enrichment, evidence for ventilation of 
intermediate water, followed at ~15 ka by permanent reduction 
of surface-deep δ13C and δ18O gradients. These suggest 
fundamental changes in CO2 storage and vertical density 
structure, respectively. We suggest that Southern Hemisphere 
warming and the shift of the westerlies following the onset of 
Heinrich Stadial 1 produced a step-wise destabilization in 
ocean stratification that had both a short-term and enduring 
impact on deep ventilation in the Southern Ocean.  
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The structure and composition of the seafloor basement of 

the South Mid-Atlantic Ridge (SMAR) are still studied much 
less thoroughly than those in segments of the ridge north of the 
Equator. This explains interest attracted to the collection of 
rock samples gathered during Cruise MARSUED IV of the 
R/V Atalante (2008) at the SMAR intersection with the 5oS 
Fracture Zone. Our newly obtained data on the geochemistry 
and age of Plagiogranite–Gabbronorite association sampled 
during this expedition in the Oceanic Core Complex of the 
SMAR at 5°10’ S suggest close genetic relations between these 
rocks. The U/Pb zircon age of Plagiogranite sample is 1.059 
±0.055 Ma and is in good agreement with the zircon age of 
plutonic rocks in the Oceanic Core Complexes of northern 
MAR. A distinctive geochemical feature of the rocks examined 
is their unusually depleted 87Sr/86Sr and 143Nd/144Nd ratios, 
which suggest that the plutonic rocks of the Plagiogranite–
Gabbronorite association in SMAR at 5°10’ S could be derived 
from the most strongly depleted mantle reservoir of all known 
to occur beneath the axial MAR zone. The peculiar pole of 
depletion discovered in SMAR at 5°10′ S is in good agreement 
with character of the geochemical segmentation of SMAR 
between 0o - 12° S and can, perhaps, be explained by the 
melting of an ancient mantle source that was significantly 
depleted by planetary-scale magmatism during the initial 
opening of the Atlantic Ocean. The COMAGMAT-5.2 [1] 
numerical thermodynamic simulation of the possible 
crystallization links between the Plagiogranite and 
Gabbronorite from the SMAR at 5°10’ S led us to conclude 
that the leading role in the origin of the least magnesian 
Oceanic Plagiogranite was played by a two-stage process: the 
partial melting of the Gabbronorite and the subsequent 
fractionation of the newly generated melt.  
 
[1] Ariskin A., Danyushevsky L., Bychkov K. et al Modeling 
solubility of Fe-Ni sulfides in basaltic magmas:The effect of 
Ni in the melt, Econ. Geol., 2013, V.108, N8. PP.1893-2003 
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There is sustained interest in isotopic proxies for assessing 
and scaling plant to ecosystem water balance, but the use of 
oxygen isotope composition (δ18O) has been mostly limited to 
plant cellulose, which does not persist after deposition. Here 
we compare δ18O signals in bulk plant lipid extracts with 
cellulose δ18O, using field experiments with several C3 and C4 
species, to validate the use of recalcitrant lipids as an explicit 
hydrological proxy. We show that manipulations of 
evapotranspiration (ET) replenishment yield unequivocal 
signals in both cellulose and lipid δ18O, regardless of species-
specific variations in molecular composition (determined by 
Fourier Transform Infrared Spectroscopy - FTIR). Larger 
effects of shifts in water balance were observed in C3 
compared to C4 plants, with the latter generally showing 
heavier (1-4‰) δ18O values. Despite this intrinsic difference in 
absolute δ18O, our data provide concrete evidence of a 
predictable relative enrichment (>1‰ with a 30% reduction in 
water supply relative to ET loss), with no post-synthetic 
exchange and the effect of growing conditions preserved in C3 
and C4 species (δ18OLIP = 0.3045 δ18OCELL + 6.0216). In C4 
species, lipid δ18O better reflects variation in water regime than 
cellulose, allowing comparisons that cannot be made using 
carbon isotope composition (δ13C), a common proxy for water 
use efficiency that is only applicable in C3 plants. Moreover, in 
contrast to cellulose, lipid δ18O signals are expected to persist 
following deposition (e.g., in soils and sediments) and can be 
used to address long-standing questions regarding past and 
ongoing changes in the terrestrial water cycle. The consistency 
of our results also indicate that bulk lipid δ18O better integrates 
plant-mediated hydrological changes than more difficult 
(compound specific) hydrogen isotope (δD) analysis, as 
numerous hydrogen transfer reactions during lipid biosynthesis 
result in large variation and unpredictability of δD signals 
among species and commonly employed biomarkers. The next 
phase of understanding will come from the use of multiple 
proxies, advancing lipid δ18O alongside its physiological 
controls, to improve our ability to reconstruct and predict shifts 
in water regime across spatiotemporal scales. 
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The initial radiation of metazoan phyla likely occurred 

during the aftermath of the Marinoan glaciation, ca. 635 Ma. 
Although this diversification event has been ascribed to 
oxygenation of the marine water column, post-Marinoan ocean 
oxygen levels remain poorly quantified; moreover, most 
interpretations of redox change through this interval have been 
based on proxies for local conditions. Here we use paired Mo 
and U isotope records from a post-Marinoan carbonate 
succession in SW Brazil to better constrain the magnitude of 
changes in global ocean chemistry and oxygen levels through 
this important interval of the history of marine animal life. The 
basal postglacial dolostone succession exhibits δ238/235U 
between -0.2‰ and 0.0‰, which suggests seawater δ238/235U 
values that are heavier than modern seawater and the main 
input to the ocean (continental crust, δ238/235U ~-0.3‰). The 
iron- and manganese-rich postglacial dolostones have δ98/95Mo 
values between -1 and 0‰, suggesting seawater δ98/95Mo 
values of up to 2.0‰. These Mo and U isotope ratios suggest 
that the abundant formation of oxides was the primary 
mechanism responsible for Mo and U removal from seawater 
and, therefore, that well-oxygenated conditions prevailed 
during the immediate aftermath of the Marinoan Glaciation. 
Paired decreases in the seawater δ98/95Mo (0.0‰) and δ238/235U 
values (-0.4‰), indicated by the Mo and U isotope 
compositions of overlying limestones (originally aragonite), 
suggest the subsequent onset of widespread marine euxinia as 
sea level continued to rise after deglaciation. This euxinic 
event was followed by another increase in oceanic 
oxygenation, as suggested by the transient seawater δ98/95Mo 
values to +2.5‰ and the further decrease on δ238/235U values to 
-0.8‰. A subsequent decrease in the inferred seawater δ98/95Mo 
values to +1.0‰ and δ238/235U values of ~-0.6‰ suggest the 
establishment of widespread oceanic anoxia, similarly to the 
conditions previously observed for the Meso-Neoproterozoic 
and Cambrian oceans (Dahl et al., 2010). 

 
[1] Dalh et al (2010) Proceed. Nati. Acad. Sci., (117, 42)  
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Mass balance calculations, using experimental partitioning 
data at geologically relevant P-T-X-fO2 conditions, for the 
origin of sulfur (S) and chalcophile metals (e.g., Cu) in arc-
related magmatic-hydrothermal porphyry-type ore deposits are 
not consistent with derivation of these (and other) ore metals 
from the intermediate (dacitic) to felsic (rhyolitic) rocks that 
host porphyry deposits. There is a growing body of evidence 
from natural systems that the S and chalcophile metals in 
porphyry deposits are sourced from mafic magma(s) that either 
underplates (without physical mixing or mingling) or intrudes 
into and physicochemically mixes with overlying intermediate 
to felsic magma [1,2]. This model suggests that S and 
chalcophile metals are originally dissolved in the mafic melt, 
and mass transfer is facilitated by aqueous fluid that exsolves 
from the mafic melt, scavenges S and ore metals, and ascends 
into the overlying porphyry environment. This process 
plausibly explains the observed excess of S (i.e., high S/Cu) in 
porphyry systems [3].  

Here, we test this model directly by using new 
experimental data that constrain the mobility of S and 
chalcophile metals (as well as H2O, Cl, etc.) during mixing of 
andesite and dacite. Natural samples from Quizapu Volcano, 
Chile, were used to synthesize, at 150 MPa and fO2 ~FMQ+3, 
two initial glass compositions: 1) andesite with ~2.0 wt. % 
H2O, ~700 ppm S, ~300 ppm Cl at 1030°C; and 2) dacite with 
~2.3 wt. % H2O, ~100 ppm S, ~4700 ppm Cl at 900°C. The 
glasses were equilibrated as a diffusion-couple at 950°C, 150 
MPa, fO2 ~FMQ+3 for durations ranging from 0.1 to 100 h.  

Analysis of the quenched run products revealed that the 
andesite became fluid saturated, and that the S concentration of 
the andesitic melt decreased from the initial ~700 ppm to ~300 
ppm in 1 h, and to <80 ppm in 10 h. Notably, the S content of 
the dacite remained unchanged at ~100 ppm S, and there was 
no measurable S diffusion profile across the andesite-dacite 
interface. These data demonstrate unequivocally that magma 
mixing, and crystallization-induced degassing of the more 
mafic melt, resulted in significant mass transfer of S to the 
aqueous fluid. The implications of these data for ore forming 
systems will be discussed. 

 
[1] Hattori, K, Geology, 1993, 1083-1086. [2] Halter et al 
Mineralium Deposita, 2005, 845-863. [3] Hunt, JP, Econ. 
Geol., 1991, 192-206. 
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We will present new geochemical data for Mutnovsky 
Volcano, located along the volcanic front of the southern 
portion of the Kamchatka arc, which elucidate the roles for 
fractional crystallization (FC), assimilation fractional 
crystallization (AFC) and dehydration partial melting of 
amphibole-bearing basaltic rock in controlling the 
compositional evolution of lavas and mass transfer of slab-
sediment-fluid and/or slab-sediment-melt into the Mutnovsky 
magma plumbing system. Mutnovsky is comprised of four 
stratocones and each had major caldera-forming eruptions, 
beginning ~80 ka. The youngest center, Mutnovsky IV, 
erupted basalts and basaltic andesites. The older three centers 
(Mutnovsky I, II, III) are dominated volumetrically (60 to 
80%) by basalt and basaltic andesite; however, each of these 
centers also erupted small volumes of andesite and dacite. Sr, 
Nd and Pb isotope data span a narrow compositional range for 
samples from all four eruptive centers, and indicate that all 
erupted lavas share a common source. AFC model results for 
major and rare-earth elements indicate that 1) basaltic 
andesites were produced by 20% FC of 40% clinopyroxene 
and 60% olivine, combined with assimilation of dacite 
(R=0.67); and 2) andesites were produced by 50% FC of 60% 
clinopyroxene, 30% olivine and 10% magnetite. The large 
amount of FC required to produce andesite may explain why 
this rock type is so rare at Mutnovsky. The model results 
indicate that dacites from Mutnovsky I and II cannot be related 
to mafic rock compositions from those centers by FC and AFC 
processes. These dacites have lower abundances of rare earth 
elements (REE) relative to more mafic rocks from the same 
eruptive center. The dacites are interpreted as the product of 
dehydration partial melting at mid-crustal levels of (garnet-
absent) underplated amphibole-bearing basaltic rock, which 
itself formed in the mid-crust by emplacement and 
crystallization of basaltic magma that originated from the same 
source reservoir as all Mutnovsky magmas. The data from this 
study corroborate the important role for partial melting of 
underplated basalt to produce compositionally evolved (e.g., 
dacitic) magmas in arc volcanoes. 
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We have developed automated gas extraction and mass 

spectrometry protocols using a Noblesse 5-collector instrument 
with ion counting ETP dynode multipliers at the 2 low mass 
and 2 high mass positions to measure the argon isotope 
composition of Pleistocene basalt. The Noblesse has a 
resolving power of 2900 on the low mass 36 collector. This 
separates 36Ar from isobars of H35Cl and 3•12C. Blanks for 36Ar 
are 30 cps and equivalent to about 2x10-19 moles. These blanks 
derive 50% from 2 GP 50 getters in the extraction line, 20% 
from the remainder of the extraction line, and 30% from the 
spectrometer.  

We have developed a two step procedure for multicollector 
analysis, which requires a peak jump of one amu, but provides 
accurate determination of the essential isotope ratios. Analyses 
follow a blank-standard-blank-sample routine. The standard 
gas consists of a mixture of atmospheric Ar and 39Ar that has a 
40Ar/39Ar ratio of 2:1. Its isotopic composition was determined 
via single collector analyses on the Noblesse.  

Incremental heating of a 250 mg groundmass sample of 
weakly alkaline, phenocryst-free, basalt from Maui using a 
resistance furnace and an MAP 215-50 spectrometer operated 
with a single Balzers SEV 217 multiplier in analog mode 
yields a 9 step spectrum and a plateau age of 917±12 ka (±2s 
analytical). This automated analysis takes 24 hours to measure 
blanks, the sample, and air for mass discrimination.  

Using a CO2 laser and -120 oC He cryotrap on an 
extraction line connected to the Noblesse spectrometer, 
incremental heating of 5 and 10 mg aliquots of the same basalt 
in 10 to 12 steps is completed in 15 hours including measuring 
blanks, standard gas, and sample. The age spectra are 
remarkably similar to that obtained using the MAP 215-50 
with plateau ages of 916±13 and 909±11 ka, and a wtd. mean 
plateau age of 912±8 ka. Advantages of the Noblesse laser 
method relative to the MAP furnace approach are: (1) 36Ar is 
resolved from isobars, (2) the 36Ar blanks are exceptionally 
low and stable, (3) sample size is reduced by a factor of 50, 
and (4) analysis time is reduced by 30%. We will present 
additional results from paleomagnetically significant 
Quaternary lava flows that directly record excursions and 
polarity reversals.  
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Widespread groundwater Arsenic (As) contamination is 

one of the biggest challenges to the policy makers in ensuring 
As-free potable water to more than 10 million people in the 
Mid-Gangetic Plain (MGP) in India. The central goal of this 
study is to develop sustainable, communtiy-based, 
socioeconomic models of As mitigation. A total of 340 
households covering a population of about 2500 were surveyed 
in three As-affected villages in the MGP in Bihar, India. A 
stratified sampling method was applied to conduct the 
socioeconomic survey. Rainwater harvesting units, arsenic 
treatment units, deep tubewells, open dugwells, and piped 
water supply systems were evaluated as sustainable As 
mitigation options. This is the first time that we would be 
applying a Decision Tree Model(DTM) to develop 
socioeconomic models of As mitigation using WEKA (The 
Waikato Environment for Knowledge Analysis), a machine 
learning technique, popularly known as data mining tool for 
data analysis and statistical modeling by java-basedt 
algorithms. The DTM predicts sustainable As mitigation 
solution for specific communities based on their 
socioeconomic conditions. The models produce visual outputs 
in graphical form, which are easy to understand and interpret 
by the decision makers. 
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Since their discovery in peat early this century [1], 

branched glycerol dialkyl glycerol tetraethers (brGDGTs) have 
attracted many scientists to decipher continental palaeoclimatic 
data from geological archives such as lake and river fan 
sediments, peat bogs, loess deposits, and palaeosoils. This all 
followed after the discovery that the distribution of brGDGTs 
in soil reflect environmental parameters such as pH and 
temperature [2] and that fossil brGDGTs transported by rivers 
to marine sediments can reveal continental climate fluctutions 
in the past [3]. 

In the last five years extensive proxy validation studies 
have been performed on brGDGTs and a variety of problems 
associated with its use have been noted. These include: (i) 
unknown biological sources, (ii) inadequate analytical 
protocols for their analysis, (iii) potential in-situ production in 
aquatic environments, (iv) effects of other environmental 
parameters such as aridity, (v) inadequate knowledge on 
tranportation mechanisms, (vi) calibration problems. In this 
presentation I will critically evaluate the current state of 
knowledge with respect to the application of brGDGT proxy. 
This is partially based on culture studies of bacteria and 
extensive proxy validation studies in the drainage basin of 
various river systems (Amazon, Yenisei, Rhône, Tagus) and 
lakes (Lake Challa, Loch Lomond, Lake Lucerne) performed 
in our laboratory. 
 
[1] Sinninghe Damsté, et al 2000. J. Chem. Soc., Chem. 
Comm., 1683-1684. [2] Weijers et al 2007. Geochim. 
Cosmochim. Acta 71, 703-713. [3] Weijers et al 2007. Science 
315, 1701-1704. 



 Goldschmidt2014 Abstracts  

 

2316 

2316 

Cr-rich phases in the MgO-SiO2-
Cr2O3 system at 10-25 GPa: 

composition, solid solutions, and 
structural features 

E. A. SIROTKINA1*, L. BINDI2, A. V. BOBROV1 
AND T. IRIFUNE3 

1Moscow State University, Russia  
(*correspondence: katty.ea@mail.ru, archi3@yandex.ru) 

2University of Florence, Italy (luca.bindi@unifi.it)  
3Ehime University, Japan (irifune@dpc.ehime-u.ac.jp)  
 

High-pressure phase relations in the MgO-SiO2-Cr2O3 
system are important in the study of mantle mineralogy. There 
are two major high-pressure garnet end-members in the 
lowermost upper mantle: knorringite (Mg3Cr2Si3O12, Knr) and 
majorite (Mg4Si4O12, Maj). With increasing pressure, the phase 
assemblages include Cr-rich phases: ilmenite, perovskite and 
MgCr2O4 with calcium-titanate structure. Experiments were 
aimed on the study of the phase relations in the MgO-SiO2-
Cr2O3 system at 10-25 GPa and 1600oC, as well as conditions 
of the formation, structural peculiarities, and compositional 
changes of Cr-rich phases with pressure using a Kawai-type 
multi-anvil apparatus.  

We investigated the full range of starting compositions, 
which allowed us to synthesize different Cr-rich phases with a 
wide compositional range. The main phases obtained in 
experiments were: Knr-Maj garnet, pyroxene, eskolaite, Cr-
ilmenite (Cr-Ilm), Cr-perovskite (Cr-Pv), MgCr2O4 with 
calcium-titanate structure, and stishovite. 

Single-crystal X-ray diffraction studies were carried out to 
determine the symmetry and study the structural peculiarities 
of the synthesized Сr-rich phases. All garnets synthesized at 
10-21 GPa are characterized by a silicon surplus over 3.0 
a.p.f.u. and high chromium content (up to 90 mol. % Knr). Cr 
is incorporated in garnet via the scheme: Mg2++Si4+=2Cr3+. All 
garnets have cubic symmetry (space group Ia-3d) and the 
lattice parameter linearly increases with increasing the Knr 
content. Cr-Ilm has the chemical composition of (Mg1–

xCrx)(Si1–xCrx)O3 (with x = 0.015, 0.023 and 0.038) and 
trigonal symmetry. Compared with MgSiO3-Ilm, the 
occurrence of Cr leads to a general expansion of the unit cell (a 
from 4.7284(4) to 4.7380(1) and с from 13.5591(16) to 
13.5611(2) Å). Perovskites synthesized at pressures above 20 
GPa have a composition of (Mg1–xCrx)(Si1–xCrx)O3 with x=0-
0.07, orthorhombic symmetry (space group Pbnm) and the 
following lattice parameters for x=0.07: a = 4.8213(5), b = 
4.9368(6), c = 6.9132(8) Å. For both Cr-minerals (Cr-Ilm and 
Cr-Pv), chromium was found to substitute for both Mg and Si, 
according to the reaction Mg2++Si4+=2Cr3+.  

This study was supported by the Russian Foundation for 
Basic Research (project no. 12-05-00426). 
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The very low water solubility of hydrocarbons makes them 

weakly bioavailable. Despite this obstacle, many microbes are 
able to assimilate them because of specialized uptake strategies 
such as biofilm formation at the hydrocarbon-water interface. 
However, the involved molecular mechanisms remain to be 
discovered. A complete understanding of these mechanisms 
would be a strong asset to predict and eventually control the 
impacts of microbes on hydrocarbons fate in the environment. 
We have investigated the molecular processes taking place in 
biofilms of Marinobacter hydrocarbonoclasticus SP17 
(MhSP17) during degradation of alkanes. 

 
 
 
 
 
 
 
 

Figure. A Scanning Electron Microscopy image of MhSP17 
biofilm on hexadecane. B Epifluorescence microscopy image 
of MhSP17 cells (green) colonizing hexadecane surface (blue) 

 
The genetic response of the adhesion was investigated by 

transcriptomic. Genes involved in the metabolism of alkanes, 
motility, chemotactism, signal transduction and gene 
regulation were found to be overexpressed during adhesion. 
Selected genes were deleted and the analysis of the phenotype 
of the mutants demonstrated the importance of pili, alkane 
transporters, protein secretion pathways and regulation of 
transcription in the adaptation to the assimilation of poorly 
soluble hydrocarbons. 
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The Antamina mine in Peru extracts Cu, Zn and Mo from a 
mineral deposit formed by igneous intrusion into carbonate 
terrain. Long-term environmental management of the hundreds 
of thousands of tons of heterogeneous waste rock which are 
produced daily requires detailed characterization of the 
geochemical reactions governing the fate of several elements 
in this setting. This study’s objective is to investigate the use of 
stable isotopes as a diagnostic tool to identify the geochemical 
processes governing Mo and Zn release and attenuation in 
mining waste rock drainage.  

A new single-pass ion-exchange protocol allows for the 
isolation of Mo and Zn from samples prior to isotope analysis 
by MC-ICP-MS. Mo double-spike isotope analyses reveal a 
1.5‰ variability in δ98/95Mo among solid-phase and aqueous 
samples, which is resolvable within our 2σ analytical precision 
of <0.1‰. Zn isotope compositions of sphalerites are 
homogeneous (δ66/64ZnPCIGR-1 = 0.11 ± 0.01‰, 2σ, n=5) and 
slightly heavier than drainage waters. These variabilities 
indicate the occurrence of isotopic fractionation in the mining 
waste rock environment. Hence we confirm the potential 
usefulness of isotope studies to characterize geochemical 
processes at Antamina. 
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The skeletal structure essential for vertebrates is composed 
of bioapatite, the mineral that resembles geoapatites. 
Distinctions of this remarkably fine grained and constantly 
replaced biomineral species over our lifetimes have been the 
focus of investigations for over 200 years. Today’s research 
efforts illustrate that maintenance is markedly influenced not 
only by genetics, but by personal choices, and variables such 
as activity and nutrition. An overview of the normal bone 
mineral species, hydroxylapatite will be presented to illustrate 
the latest understanding of this dynamic material and some of 
the issues that actively remain under investigation. 

 
[1] Skinner, HCW (2013) Mineralogy of Bones. “Essentials of 
Medical Geology“ Rev. Edition, Selinus et al (Eds) Springer 
Science, Dordrecht . 
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A study of polymineral thin layer that separates diamond 
crystals from kimberlite rocks (in the literature it is called a 
rim, an imprint, a shell) can give some information on 
particular aspects of diamond genesis. Numerous experiments 
showed that metallic melts, in particular iron containing ones, 
form suitable media for synthesis of monocrystalline diamond. 
The theory of crystal growth implies that such melts act as 
diffusion boundary layers.  

We study phase compositions of iron containing imprints 
of monocristals as possible rudiments of diamond growth 
system and comparу them with the phase composition of a 
number of other imprints. 13 kimberlite samples with 
monocristal imprints were selected by magnetic separation as 
being magnetic because of the presence of iron containing 
phases and 7 non-magnetic samples were added for 
comparison (from Rudenko collection, Udachnaya and Mir 
pipes, Yakutia). Morphology and composition of contact layer 
surfaces were studied by SEM, without application of the 
diverter charge layer (CARL ZEISS LEO 1430 VP, equipped 
with an energy dispersive spectrometer). Identification of 
various phases was carried out by Raman spectroscopy using a 
micro-Raman spectrometer LabRAM HR800 (HORIBA Jobin-
Yvon, 632.8 nm, He-Ne). Analysis of the results showed the 
presence, in the iron containing imprints, of the following 
oxide phases: magnetite, maghemite, hematite, wustite; and 
also of such carbonate phases as siderite, Mg-calcite and 
dolomite. In nonmagnetic prints are also detected carbonate 
(calcite, Mg-calcite, dolomite), silicate (olivine, forsterite, 
serpentine, diopside, enstatite) and sulphide phases. Contents 
of amorphous and crystalline phases varied within wide limits. 
An essential result of the study of the morphology of the 
contact surfaces is the detection of corrugated fragments of 
iron containing imprints, which probably can be explained by 
the topochemical interaction of diamond surface, both with 
metallic iron and with iron oxides in various oxidation states. 

The data obtained allow to consider the peculiarities of 
monocrystalline diamond formation in nature taking into 
account the role of thin layers of metal melts. 
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Polycrystalline diamonds are commonly assumed to have 
precipitated during distinct diamond forming events, with the 
participation of fluids, at high levels of supersaturation and at 
high growth rates. They are often closely associated in time 
with the beginning of kimberlite magmatism. Polycrystalline 
zones contain large amounts of mineral and fluid micro-
inclusions. Study of polycrystalline diamond contact with 
kimberlite rocks provides new information about the features 
of the phase composition of the crystallization medium. 

The present work is concerned with a study of those 
contact zones separating polycrystalline diamond from 
kimberlite components. 8 kimberlite samples (from Rudenko 
collection, Udachnaya and Mir pipes, Yakutia) with contact 
layers and with fragments of polycrystalline diamond 
preserved in them were selected. Morphology and composition 
of contact layer surface were studied by SEM, without 
application of the diverter charge layer (CARL ZEISS LEO 
1430 VP, equipped with an energy dispersive spectrometer). 
Identification of various phases was carried out by Raman 
spectroscopy using a micro-Raman spectrometer LabRAM 
HR800 (HORIBA Jobin-Yvon, 632.8 nm, He-Ne)). Analysis 
of the contact surfaces revealed the presence of various 
combinations of carbonate (Mg-calcite, dolomite), silicate 
(serpentine, forsterite) and sulphide phases. Content of 
amorphous and crystalline phases varied within wide limits. 
These mineral phases recorded in single grains of the 
polycrystalline diamond (with C above 80 at.%). In zones of 
the fibrillar diamond growth recorded an increased content of 
mineral phases. On the surface of contact is recorded the 
presence of carbon containing phases with varying content 
(within 40-80 at.%). On the surface of grains of polycrystalline 
diamond, as well as on the surface of imprints there is recorded 
a presence of nanostructured diamond-like phases (peaks in the 
frequency range 1324.6-1328.0 and 1576.3-1600.9 cm-1), the 
magnitude of which is proportional to the degree of disorder 
carbon containing phase and correlated with the share of sp3 
bonds in non-diamond carbon.  

The data obtained allow a better understanding of the 
features of polycrystalline diamond formation. 
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The carbon sources and metabolic activities supporting 
microbial communities in the deep terrestrial subsurface are 
not well understood. Methanogensis and acetogenesis have 
been proposed to provide the foundation of subsurface food 
webs. However, heterotrophic consumption of dissolved 
organic carbon (DOC) can also support these communities. We 
characterized the microbial communities and the isotopic 
compositions of their phospholipid fatty acids (PLFA) and 
DNA as well as potential carbon sources in boreholes located 
in gold mines in the Witwatersrand Basin, South Africa, at 
depths ranging from 0.9 to greater than 3 km. 

 PLFA with highly 13C depleted signatures (up to 73 ‰) 
and Δ14C values comparable to CH4 and dissolved inorganic 
carbon (DIC) indicated active methane cycling in the shallower 
boreholes (0.9, 1.3 km). This was supported by genetic 
analysis indicated the presence of methanogens including 
methanosarcinales and thermopasmata, though these 
represented a relatively minor component of the overall 
community. In contrast, at the deepest sites (>3 km), PLFA 
were isotopically enriched in 13C relative to methane, which 
contained no 14C, though DIC contained significant levels. This 
demonstrated that methane production/utilization was very 
limited. Molecular genetic characterization indicated sulphate 
reducing autotrophy was the predominant support for the 
microbial community in these samples. 

In order to add in the paleometeoric versus saline waters 
comments need to confirm the salinities and GMWL position 
of these samples 
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The development of multistep nucleation theory has 
spurred on experimentalists to find intermediate metastable 
states that are relevant to the solidification pathway of the 
molecule under interest. A great deal of studies focused on 
characterizing the so-called “precritical clusters” that may arise 
in the precipitation process. However, in macromolecular 
systems, the role that these clusters might play in nucleation 
and in the second stage of the precipitation process, i.e., 
growth, remains to a great extent unknown. Therefore, using 
biological macromolecules as a model system, we have studied 
the mesoscopic intermediate, the solid end state, and the 
relationship that exists between them. We present experimental 
evidence that these clusters are liquid-like and stable with 
respect to the parent liquid and metastable compared with the 
emerging crystalline phase. The presence of these clusters in 
the bulk liquid is associated with a nonclassical mechanism of 
crystal growth and can trigger a self-purifying cascade of 
impurity-poisoned crystal surfaces. These observations 
demonstrate that there exists a nontrivial connection between 
the growth of the macroscopic crystalline phase and the 
mesoscopic intermediate which should not be ignored. Our 
experimental data also show these clusters can significantly 
increase the nucleation rate and thus significantly influence the 
nucleation pathway. 

 
 
 

 

 

 

 

Comparison of classical (I–II) and nonclassical (III–V, III–IV–
II) pathways from the bulk liquid to the crystalline phase: 
contemporaneous densification and increase in crystallinity (I); 
temporal separation of cluster (III) and lattice (IV) formation; 
merging of clusters with the crystalline phase (V). 
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The Las Cañadas Volcanic Edifice on Tenerife represents 

nearly 2 Ma of alkaline volcanic activity with bimodal erupted 
products (basanite-phonolite). Chemically and thermally zoned 
ignimbrites cover most of the island, and many deposits 
contain both crystal-poor and crystal-rich juvenile clasts. 
Crystal-rich clasts typically host a rich mineral assemblage 
(with anorthoclase + pyroxene + biotite + Fe-Ti oxides and 
accessory apatite ± haüyne ± amphibole). Partly disaggregated 
glomerocrysts containing most or all of these phases suggest 
growth in a high-crystallinity environment, while feldspar 
resorption indicates remobilization of this high-crystallinity 
mush following hot recharge. Major element compositions of 
feldspars (typically Or10-40 and <An20) in these crystal-rich 
clasts imply crystallization from evolved alkaline melts, and 
common reverse zoning in Ba (high Ba rims) suggests 
significant feldspar resorption followed by partial regrowth 
from a Ba-enriched melt. Bulk rock geochemistry of Tenerifan 
rocks shows a large population of low-Zr, high-Ba, high-K 
samples, which cannot be linked to the liquid line of descent. 
These samples, which include the crystal-rich juvenile clasts in 
ignimbrites, indicate significant crystal accumulation zones, 
which later become entrained in the late-erupted parts of large-
volume explosive events. 
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The WiscSIMS lab employs in-situ methods for measuring 

O-isotope compositions (δ18O) of zoned diagenetic cements in 
sedimentary strata using Secondary Ion Mass Spectrometry 
(SIMS). Using a 10-μm beam, results are precise to within 
±0.3‰ at 2SD. An important aspect of methods-advancement 
is the on-going development of analytical standards to correct 
for instrument mass fractionation (IMF) effects, which are 
often non-linear for solid-solution series minerals (e.g. 
carbonates).  

Carbonate cements (calcite (Cal)  dolomite (Dol)  
ankerite (Ank)) of the silty-shaley Eau Claire Fm. - which caps 
the underlying Mt. Simon sandstone aquifer of the Illinois 
Basin - are chemo-isotopically zoned, indicating growth under 
varying physiochemical conditions throughout the Basin's 
burial history. δ18O systematically decreases from 
28.516.0‰ VSMOW (Fig. 1) with progressive growth from 
a fluid – likely entrapped seawater – of nearly constant δ18O (-
3‰; Late Cambrian oceanic avg.) but variable temperature 
(~25-115°C), reflecting increasing burial and heating. This 
modeled temperature range is consistent with petrographic 
observations showing that carbonate cements first appeared in 
the shallow-burial environment and continued developing 
during deep burial and late diagenesis (≥ 2 km, T > 75°C).  

Internal consistency is found with δ18O-zoning in quartz 
overgrowths (QO) surrounding detrital quartz grains (DQ) 
within some of the same samples. Modeling implies that QO 
formation first began at temperatures of ~40°C - consistent 
with textural relations showing that it postdates an earlier, 
initial carbonate cementation phase – and continued for some 
200 myr, recording a step-wise temperature increase up to 
~110°C with progressive burial.  

Fig. 1. δ18O-zoning in quartz and carbonate cements 
formed during progressive burial and diagenesis of the Eau 
Claire Fm., Illinois Basin. Note that due to pore space 
volume constrains, the full range of isotopic variability is 
not necessarily preserved in all regions analyzed 
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Observing changes in iron chemistry and mineralogy in 
different sedimentary rocks over time is a vital tool for 
studying ancient environments primarily due to iron’s redox 
sensistivity as it cycles between +II and +III valence states. A 
popular bulk geochemical technique employing this redox 
chemistry is iron speciation, which estimates proportions of 
different reactive iron species which are mapped to redox 
conditions based on empirical calibrations from modern 
sediment samples. However, it is poorly understood how 
diagenesis, metamorphism, and metasomatism affect the iron 
speciation of a sample and impact paleoenvironmental 
interpretations based on these redox proxies. We have 
developed and applied coupled microscale techniques of 
synchrotron-based x-ray fluorescence spectroscopy, optical 
microscopy, scanning electron microscopy, and SQUID 
magnetic microscopy to understand the complex history of iron 
mineralization within a sample and determine which phases are 
primary containing paleoenvironmental information. 
Additionally, complementary bulk rock magnetic techniques 
aid in ferromagnetic mineral identification and potentially can 
provide a tool for quick screening of complex samples. Using 
these techniques, we can assess the strengths and limitations of 
iron speciation as a redox proxy. We present observations from 
samples collected from the ~1460Ma Pritchard Formation and 
stratigraphic equivalents, Belt Supergroup, MT and ID, USA, 
which span a range of metamorphic grades and diagenetic 
environments. The observation of prevalent secondary iron-
bearing phases such as chalcopyrite, pyrrhotite, magnetite, and 
chlorite highlight the importance of these microscale 
techniques, allowing one to connect chemistry and mineralogy 
with petrographic textures within the rocks. Data from this 
study do not support the prior hypothesis of ferruginous 
conditions in the Belt Basin water column during the mid-
Proterozoic. 
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The Central European Basin LIP extends from the North 

Sea across northern Germany into Poland [1]. Strong 
magmatic activity occurred in this area at the Carboniferous – 
Permian transition and produced about 70 000 – 80 000 km3 of 
volcanic material. The majority of the material consists of 
felsic rocks (48 000 km3) [2] which are covered by thick 
sediments. Hundreds of deep hydrocarbon exploration wells 
exposed the Late Paleozoic volcanic province with different 
regions being now under detailed examination. 

In this study we focused on the comparison of zircons from 
the NE German Basin [3] and the Halle Volcanic Complex [in 
prep] with new samples from the Polish Lowland. We 
investigated three samples from ignimbrite (Daszewo 
Wysoka,. Pniewy), which were dated respectively: 293 Ma, 
294 Ma and 298 Ma [1] and two undated samples from 
Chrzypsko (from rhyolite and underlying granite). The 
analyses of zircon include dating, O and Hf isotopes as well as 
detailed measurements of Hf concentration. The basement in 
the Polish Lowland is hidden by a thick sedimentary cover and 
zircons are the only grains that provide information on the 
structure and composition of Permain magmatism in this area 
as well as on the pre-Permian evolution of the continental crust 
on the boundary between several important crustal fragments. 
 

Acknowledgements: The study was funded by the grant 
PRELUDIUM from the Narodowe Centrum Nauki to ES 
 
[1] Breikreuz et al (2007) Geol.Soc.Am - SP 423, 173- 190. [2] 
Benek et al (1996) Tectonophysics 266, 379–404. [3] Pietranik 
et al (2013), J. Petrol 54, 1483-1501; 
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Determination of energetically favorable surface 

complexes forming at the mineral-solution interface is 
important for understanding the surface reactivity of common 
minerals such as kaolinite and gibbsite. In addition to being a 
toxic pollutant, Cd2+ sorption is representative of divalent 
“hard” cations and thus a useful probe ion for surface 
complexation from solutions varying in metal and electrolyte 
concentration. In this study, experimental X-ray Absorption 
Near-Edge Spectroscopy (XANES) is combined with periodic 
density functional theory (DFT) and theoretical XANES 
calculations to characterize Cd2+ complexes sorbed to mineral 
surfaces. The Cd LIII XANES region exhibits a number of 
unique features which aid in the interpretation of the local 
bonding environment. 

Spectra were collected for Cd2+ reference compounds, 
aqueous solutions, and sorption samples. Reference spectra 
include: CdCO3(s), CdSO4(s), Cd(OH)2(s), Cd(OH)Cl(s), 
CdCl2(s) and CdCl2(aq). Cadmium sorption experiments were 
conducted with either kaolinite or gibbsite, Cd2+ (CdCl2), and a 
constant background electrolyte (CaCl2) concentration. 
Samples were equilibrated for 1 and 36 d periods at ~ pH 8 
over a range of CaCl2 background electrolyte concentrations 
(10-100 mM). Ground state DFT calculations were performed 
on reference and realistic complexes using VASP. Candidate 
structures from these simulations were used to calculate the 
XANES spectra with the NWChem computational chemistry 
program. Calculated spectra were compared with experimental 
spectra to verify known structures in crystalline compounds 
and assess the plausibility of theoretical surface complexes. 
Linear combination fits show that Cd2+ surface complexation 
can be described by a combination of a hydrated component, 
and mononuclear and binuclear inner-sphere complexes. 
Spectra show positive energy shifts with increasing ionic 
strength. Such experimental and theoretical combinations can 
characterize relevant surface complexes to support robust 
surface complexation models.  
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Long-lived subduction of Africa beneath Eurasia led to the 

complex tectonic setting of Greece and to volcanic activity in 
the Saronic Gulf. The main centres of this westernmost part of 
the South Aegean arc, Aegina and Methana, are only 20 km 
apart and located on similar continental crust. Their 
dominantly effusive deposits erupted during two distinct 
periods of volcanic activity: a change in regional tectonics 
coincided with renewal of volcanism on both Aegina and 
Methana [1]. 

The petrography and geochemistry of Methana’s effusive 
deposits suggest that magma mixing between more felsic 
crystal mushes and mafic injections play a key role in 
remobilisation and eruption of its magmas. Study of the 
pyroclastic deposits, however, suggests that a larger mafic 
replenishment led to partial melting and resorption of hydrous 
minerals, which in turn triggered a Plinian eruption. (Re-) 
activation of crustal-scale fault systems seems to have caused 
this explosive eruption by providing pathways for large 
volumes of replenishing magmas. The last eruption created a 
sub-marine volcano NW of Methana on the boundary of a 
Holocene graben [2] – indicating that regional tectonics are 
still guiding magmas to the earth’s surface. The longevity of 
Methana’s volcanism, the importance of magma mixing and 
the explosive eruption are thought to reflect a nearby NW-SE 
oriented (sub)crustal extensional fault system that facilitates 
and controls magmatic intrusions [3]. 

Aegina lacks pyroclastic deposits and this centre’s volcanic 
activity ceased shortly after initiation of the area’s second 
volcanic phase. Petrography and geochemistry of its lavas also 
reveal mafic replenishment of more felsic magmas as a 
common process, but their petrogenesis is dominated by 
crystal fractionation. Only during renewal of volcanism, again 
by partial melting of a more evolved magma due to mafic 
injection, did magma mixing play a significant role. The 
volcanic quiescence on Aegina since ca. 2.1Ma, the 
importance of crystal fractionation and the absence of 
explosive eruptions reflect a tectonically less active location. 
 
[1] Pe-Piper & Piper (2013) J Volcanol Geoth Res 260, 146-
163. [2] Nomikou et al (2013) Tectonophysics 597-598, 123-
146. [3] Efstathiou et al (2013) EGU General Assembly, 
Vienna, Austria, 7-12 April. 
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Kimberlites in the Attawapiskat area of the western 

Superior sample the lithospheric mantle at two time periods, i) 
during the Mesoproterozoic, concurrent to 1.1 Ga 
Midcontinent Rift and ii) during the Jurassic. Peridotite 
xenoliths and xenocrysts from these kimberlites reveal a 
Palaeoarchaean mantle that was thinned at the time of 
Midcontinent rifting and then subsequently thermally annealed 
and thickened to provide a new host for diamonds. 

Re-Os isotopes document the presence of a lithospheric 
root since the Palaeoarchaean (~ 3.6 Ga TRD) preserved in 
sulphide and platinum group element (PGE) phases trapped in 
olivine. Mg# up to 93.6 in olivine require that protolith 
formation involved high degrees of partial melting, leading to 
harzburgitic / dunitic residues. Amalgamation of the Superior 
craton is reflected in TRD ages of ~ 2.7 Ga in PGE / sulphide 
inclusions with residual PGEN patterns, which indicate that 
additional melting occurred in the mantle due to subduction - 
accretion. Small-scale thinning (~30 km) of lithosphere and 
diamond destruction occurred due to plume 
impingement/rifting during the Mesoproterozoic (1.1 Ga). 
Melts related to the Midcontinent Rift interacted with variably 
depleted peridotite, leading to platinum-group PGE (P-PGE) 
enrichment and Mesoproterozoic TRD ages. Cooling of 
lithosphere since the Mesoproterozoic provided a new stable, 
deep root for subsequent diamond growth.  
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Tectonic reconstructions of the Himalayan orogen require 

knowledge on the timing of crustal thickening. Early (~35 Ma) 
extensional fabrics in the Northern Himalaya and Eocene 
plutons (~44 Ma) cutting older fabrics in the low-grade 
Tethyan Himalaya indicate that thickening commenced before 
the Oligocene. Nevertheless, reliable records of any early 
metamorphism and deformation have been largely obliterated 
during post-Eocene overprinting. This hiatus in the geological 
record is a major obstacle in reconciling the evolution of 
Himalayan mountain building and its link to the ~55-Ma 
collision between Eurasia and the Tibetan-Himalaya 
microcontinent. The goal of this study is to investigate the 
early Himalayan history. To this end, we performed Lu-Hf 
geochronology on kyanite- and sillimanite-grade metapelites 
from the high-grade cores of North Himalayan gneiss domes at 
Mabja and Kangmar, Tibet. 

Garnet from Mabja and Kangmar exclusively yielded early 
Eocene Lu-Hf ages. On the basis of microstructural, and 
major-element and REE zoning observations, we interpret 
these ages as recording garnet growth during middle crustal 
contractional deformation at ~54 Ma, followed by variable 
recrystallization during subsequent high-temperature ductile 
extension. The new Lu-Hf ages are the first to confirm the 
suggestions made from field data and geodynamic models that 
significant crustal thickening and contraction in the Tibetan 
Himalaya started during the early Eocene. These processes 
were broadly synchronous with the collision between the 
Tibetan Himalaya micro-continent and the Eurasian plate, and 
the development of the Tethyan fold-and-thrust belt. This 
synchronicity implies that thickening of the deep crust of 
southern Tibet commenced during collision, proceeded rapidly, 
and caused rocks to become buried to about twice their orginal 
depth on a million-year time scale. 
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The Mesoarchean (~2.96-2.92 Ga) Mozaan Group of the 

Pongola Supergroup of southern Africa is one of the oldest, 
well preserved supracratonic successions in the world. A 
manganiferous iron formation (IF) occurs in the Ijzermijn 
Member in the middle of the basal quartzite-dominated Sinqeni 
Formation of the Mozaan Group [1]. Two deep level drill cores 
intersecting the Ijzermijn Member, drilled approximately 20 
km apart, provide valuable insight into the lateral facies 
distribution of this IF and paleoenviromental conditions in 
which it was deposited. 

Both drill cores contain stratigraphically correlatable, 
thinly laminated, 13C-depleted carbonate facies IF that overlie 
shale with a sharp transgressive contact and is, in turn, overlain 
with a sharp erosional contact by quartzite. However, the IF in 
one drill core contains Mn-rich horizons (up to ~20 weight % 
MnO) where the Mn is hosted by 13C-depleted Fe-rich 
rhodochrosite. The Fe-rich rhodochrosite occurs either as fine-
grained and laminated or concretionary carbonate. These 
textures, along with the 13C-depletion, indicate a diagenetic 
origin where precipitated Fe3+, Mn3+ and Mn4+ were reduced by 
organic carbon in the sediment to form carbonate. 

The IF in both drill cores were deposited during a 
transgressive event below storm wave base and therefore most 
likely below the photic zone. A regional reconstruction of the 
basin indicates that the Mn-rich IF was deposted more 
proximal to the paleo-coastline [1]. REY data suggest 
precipitation from a hydrothermal plume in marine setting. 
Restriction of iron and manganese to deep water sedimentary 
facies rules out oxidative precipitation by photoautotrophs. 
Much more likely is that preciptation was mediated by iron and 
manganese oxidizing chemolithoautotrophs that implies the 
presence of micro-oxic conditions in relatively deep water of 
the Mozaan basin at the time; an interpretation supported by Cr 
isotope data [2]. 
 
[1] Beukes and Cairncross (1991) S. Afr. J. Geol., 94, 44-69. 
[2] Crowe et al (2013) Nature, 501, 535-538. 
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The flow and discharge of meteoric groundwater beyond 
the coastline through offshore extensions of terrestrial aquifers 
is now recognized as an important process that affects both the 
coastal and global ocean. However, material transported via 
this mechanism does not enter the marine realm unaltered. The 
ubiquitous presence of complex subsurface mixing zones (the 
so-called subterranean estuaries) are still poorly undestood. To 
date, many of the subterranean estuaries studied have been 
spatially narrow, with the transition between fresh and saline 
groundwater occurring on the scale of 10s of meters. A few 
larger-scale mixing zones (100s to 1000s of meters) have aslo 
been documented. Geophysical and geochemical investigations 
conducted along several regions along west Florida coastal 
region, including the Everglades National Park and Tampa 
region, reveal large-scale mixing zones. For example, 
continuous resistivity profiling (CRP) suggests less saline 
water extends as much as 2-km offshore from the mainland 
Pinellas County shoreline near the Tampa Bay region. Two-
year salinity time series observations in select marine wells 
indicate that the salinity of offshore groundwater to depths of 
2.5 m is relatively stable. Similarly, data from the Shark River 
Slough region of the Everglades National Park highlights the 
diffuse nature of mixing in this region. Mixing based on 
salinity and other geochemical data as well as CRP suggests 
the mixing zone is on the order of 10 km. The influence of 
these large-scale mixing zones on the geochemistry of the 
discharging water (terrestrial meteoric or marine surface water) 
is discussed for these two examples from west Florida coastal 
region. Further understanding and comparisons are required 
between narrow, relatively sharp interface type subterranean 
estuaries and broader, more diffuse mixing zones as each will 
inevitably respond differently to climatic, land-use, and sea-
level changes. 
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Bimodal volcanism characterized by the eruption of 

rhyolite and basalt without intermediate rock types was 
common during late Miocene to Pliocene in western North 
America but has not been previously described in the Death 
Valley area. One of these bimodal fields is in the Greenwater 
Range located on the eastern margin of Death Valley National 
Park. The 4.9 ± 0.2 Ma Greenwater rhyolite (71.9 wt. % SiO2), 
comprised of 8 to 10 volcanic domes, pyroclastic flow, surge 
and air-fall, and volcaniclastic deposits, crops out within a 9-
km semi-circular area of subsidence, which may represent a 
caldera. We suggest that rhyolite was produced by partial 
melting of Cretaceous granitic basement in the Pliocene by 
heat advected into the crust by rising basaltic magma. This 
resulted in low-temperature granitic-rhyolitic melts that 
erupted to produce the Greenwater rhyolite. After “caldera” 
formation, Funeral Formation alkali basalt (4.0 ± 0.10 Ma 
40Ar/39Ar date) formed a field of monogenetic volcanoes and 
lava flows that surround the caldera to the north and east. 
Basalts have εNd -2.33 to -12 and 87Sr/86Sr 0.706 to 0.708; 
signatures suggesting melting of lithospheric mantle (LM), but 
melting depths of 45-50 km calculated by using a silica 
barometer imply that melting occurred in the upper 
asthenosphere. These apparently contradictory observations 
may be explained by melting of LM thermally and 
mechanically converted to asthenosphere without a significant 
change in chemistry. La/Y vs. εNd indicate variable degrees of 
partial melting of three distinct mantle sources. Mixing of 
thermally converted LM with asthenosphere may explain the 
heterogenous nature of the mantle reservoirs. 
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This poster will examine the use of an inert low-flow 

desolvating nebulizer system for reduction of oxide mass 
spectral interferences that can occur in quadrupole inductively 
coupled plasma mass spectrometry (Q-ICP-MS). This 
nebulizer system uses an inert, low-flow nebulizer (100 
microliters/min) coupled to an inert, heated membrane 
desolvator for efficient water vapor removal before sample 
aerosol injection to the Q-ICP-MS instrument. Water vapor 
from conventional nebulizer / spray chamber systems used 
with Q-ICP-MS can cause numerous mass spectral 
interferences. One general example is metal oxides formed 
from the combination of oxygen (from injected water) with 
sample matrix components. Two specific examples of metal 
oxide interferences will be investigated with and without 
membrane desolvation: Ba and Ce oxides on several low-mass 
rare earth elements (Sm, Eu, and Gd) and Hf oxides on iridium 
and platinum. Rare earth elements are critically important 
components of modern electronics (ex. magnets, lasers, 
cellular phones, computers) and iridium and platinum are 
widely used as chemical catalysts. Figures of merit for a 
conventional nebulizer / spray chamber and the inert 
desolvating nebulizer system will include operating conditions, 
interference intensities and reduction factors, background 
equivalent concentrations (BECs), instrument detection limits 
(IDLs), and limits of quantitation (LOQs). 
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Icy systems are dominated by bacterial life; and yet little is 

known about the direct role of individual microorganisms in 
biogeochemical cycling from these environments and the 
effect on downstream aquatic ecosystems. Nutrient transfer 
from cryoconite is important, as glacial surface melt volumes 
will increase as a response to climate warming. Here we 
present a detailed investigation of, microbial diversity, granule 
structure, and metabolic activity including single cell activity 
in cryoconite samples collected from the McMurdo Dry 
Valleys, Antarctica. Granules were analyzed by powder x-ray 
diffraction, step-wise thermogravimetric analysis, and 
reflection confocal laser scanning microscopy (CLSM). CLSM 
in combination with specific fluorescent stains enumerated and 
confirmed the association of microbial populations with 
sediment surfaces and the presence of biofilm. Carbon fixation 
and ammonia assimilation rates were determined at the single-
cell level for Oscillatoriales and Bacteroidetes populations 
using Halogen In Situ Hybridization-Secondary Ion Mass 
Spectroscopy (HISH-nanoSIMS). 13C fixation and 15N uptake 
rates were calculated, and the successive uptake of released 
fixed carbon compounds by heterotrophic Bacteroidetes sp. 
was quantified. Collectively these data indicate that cryoconite 
sediments are important reservoirs of organic carbon and 
nutrients for microbial activity and nutrient cycling on glacial 
surfaces. 
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The formation and evolution of secondary organic aerosol 
(SOA) in atmospheric condensed phases (i.e., aqueous SOA) 
can proceed rapidly; however, relatively little is known of the 
important aqueous SOA precursors or their reaction pathways. 
In our work we are studying the aqueous SOA formed from 
reactions of phenols, (phenol, guaiacol, syringol), benzene-
diols (catechol, resorcinol, hydroquinone), and phenolic 
carbonyls (e.g. vanillin, syringaldehyde). These species are 
good aqueous SOA precursors because they are released in 
large quantities from biomass burning, are highly water 
soluble, and are easily oxidized.  

The goal of our current work is to experimentally 
determine the rate constants for degradation and mass yields of 
SOA formation from the oxidation of the phenols via direct 
photodegradation, hydroxyl radical (·OH) oxidation, and 
reaction with an excited organic triplet state. We use 3,4-
dimethoxybenzaldehyde (DMB) as our triplet excited state 
organic precursor as it is released in high quantities from 
biomass burning, has significant solar light absorption and is 
very water soluble. Our measurements of the reactions of 
phenols, benzene-diols and phenolic carbonyls show that all 
three classes make aqueous SOA with mass yields near 100% 
though with a wide range of kinetic reactivities. Furthermore, 
analysis of the products with FTIR, AMS and UV-Vis 
spectrometry show that aqueous reactions with phenolics form 
carbonyl functional groups as well as dimers and higher 
oligomers that absorb strongly in the solar spectrum. Using our 
results in a simple model shows that aqueous oxidation of 
phenolics through triplet excited states can be much faster than 
via ·OH, and that aqueous reactions of phenols in areas 
impacted by biomass combustion can be a major source of 
SOA.  
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Redox conditions of the lower Silurian, including Ireviken 

event were studied using coupling of different, independent 
methods like: sedimentological observations, total organic 
carbon (TOC) and total sulphur content, inorganic and 
molecular proxies as well as pyrite framboid diameter study. 
Sedimentological observations suggest that during 
Landovery/Wenlock boundary anoxic / euxinic conditions and 
hemipelagic settlement were interrupted by the low density 
bottom currents or detached diluted turbid layers resulting in 
intermittent increase of oxygen level at the sea-bottom. TOC 
content pattern across the section corresponds generally to the 
inorganic proxies values, reflecting variable redox conditions. 
The U/Th, V/Cr and V/(V+Ni) ratio values as well as Uauthig 
and Mo concentrations suggest that during the Ireviken event, 
bottom-water conditions changed from being initially oxic 
through the almost entire Telychian to being mostly 
suboxic/anoxic just before the Landovery/Wenlock boundary 
and then to changed into oxic again for the short time at the 
end of the Ireviken event. After the event the conditions 
stabilized to be oxygen deficient, with occurrence of euxinic 
zone in the water column. 

Pyrite framboid diameter results are in agreement with 
bulk and inorganic proxies, but the greatest correlation was 
noted between pyrite diameter results and V/(V+Ni) ratio. In 
some, less thermally mature cores, the isorenieratane and its 
diagenetic products were undoubtedly identified, suggesting 
occurrence of photic zone euxinia in the water column. Rapid 
fluctuations of the chemocline during Llandovery/Wenlock 
boundary seems to be a major cause of extinction affected 
pelagic and hemipelagic fauna. 
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Over twenty years ago, it was suggested that subduction 

zones are very efficient filters, returning >98% of subducted 
noble gases back into the atmosphere through arc volcanism 
[1]. As a result, the input of noble gases into subduction zones 
has been treated as having negligible importance for studies of 
the physical and chemical structure of the mantle. However, 
the finding of an atmospheric signature in Ar, Kr and Xe 
isotopes and abundances from mantle-derived gases challenges 
the popular notion of a ‘subduction barrier’, raising the 
possibility that a noble gas signature with seawater-like 
elemental ratios can be conveyed to mantle depths, surviving 
the effects of metamorphic devolatilisation [2]. This possibility 
is further supported by analyses of noble gases from exhumed 
slab materials and mantle wedge peridotites [3]. Recent 
experiments demonstrate that ring-structured minerals have 
very high solubilities of He, Ar and Ne providing a mechanism 
for subducting substantial quantities of noble gases [4]. 
However, due to the possible effects of diffusive noble gas 
loss, to an intergranular fluid, it is unclear whether the 
solubilities of the noble gases are representative of the ratios in 
which they are recycled back into the mantle. We address this 
question by combining thermodynamically-derived subduction 
fluid fluxes with a diffusive-reaction transport model to 
estimate interelemental noble gas fractionations and depth-
dependent noble gas concentrations for typical MORB and 
pelite lithologies. The effects of both Darcian-type fluid flow 
and compaction-driven porosity wave scenarios on the 
retentivity of the solid phase are considered. Resultant noble 
gas fractionation factors and transport lengthscales provide 
important constraints on the magnitude of the recycled noble 
gas flux and the mechanism by which slabs devolatilize. 

 
[1] Staudacher & Allegre (1988) Earth Planet. Sci. Lett. 89, 
173-183. [2] Holland & Ballentine (2006) Nature 441, 186-
191. [3] Sumino et al (2010). Earth Planet. Sci. Lett. 294, 163-
172. [4] Jackson et al (2013). Nat.Geosci. 6, 562-565. 
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Traditionally, the thermal evolution of the lithosphere is 

recovered by the interpolation of discrete temperature-time 
points, generated by assigning estimates of nominal closure 
temperatures to volume-averaged radiometric ages. Whilst 
informative, bulk thermochronology potentially fails to yield 
high-resolution thermal histories capable of revealing short-
lived (102—105 years) thermal events associated with 
processes such as magmatism and orogenesis. Rather, the 
highest resolution thermal history information is recovered by 
numerical inversion of the intracrystalline daughter nuclide 
concentration distribution [1]. Motivated by the kinetic 
sensitivity of Pb, Zr, Hf, Nb and Ta diffusion in rutile [2, 3] to 
record mid- to lower-crustal thermal evolution, we have 
developed LA-ICPMS depth-profiling techniques to measure 
near-surface (<35 µm) diffusion gradients in 206Pb/238U age and 
HFSE concentrations with ~1µm depth resolution. To illustrate 
the potential utility and limitations of the method, we analyzed 
lower-crustal rutile from several tectonic settings, including the 
Ivrea Zone and the Canadian Shield. Notably, the presence or 
absence of detectable age gradients is consistent with 
predictions made by thermally-activated diffusion theory. 
Inversion of 206Pb/238U age profiles from Ivrea Zone rutile 
reveals a continuous cooling history from ~650°C to ~450°C 
following a transient thermal pulse at ca. 180—190 Ma. 
Constrained by the topology of Zr, Nb and Ta diffusion 
profiles, integrated diffusion calculations show that the 
reheating event occurred over <104 years at characteristic 
temperatures in excess of 1000°C. These data demonstrate the 
potential for rutile depth-profiling to recover otherwise 
inaccessible continuous thermal history information from the 
mid- to lower-crust. 
 
[1] Harrison et al (2005) Rev. Min. Geochem 58, 389-409. [2] 
Cherniak (2000) Contrib. Min. Pet.139, 198-207. [3] Cherniak 
et al (2007). Contrib. Min. Pet. 261, 267-279. 
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In order for liquid water to exist on planetary surfaces, 

hydrogen must approach saturation in the nominally anhydrous 
silicate phases at least somewhere in the silicate mantles of 
terrestrial planets. Hydrogen is perhaps the least well 
constrained compositional variable of the Earth’s 
interior. Although Earth’s oceans dominate most of the 
surface geological processes, they constitute only 0.023 
percent of the planet’s mass. Because the surface oceans 
are such a small fraction of the total mass, they are 
unlikely to comprise the bulk of the planet’s total 
hydrogen, the most abundant element in the cosmos.  

Over the past two decades experimental 
mineralogists have explored the solubility of H in the 
major minerals of the interior including olivine, 
pyroxenes, wadsleyite, ringwoodite, garnets, akimotoite, 
and silicate perovskite. In the upper mantle and 
transition zone, where Si is in tetrahedral coordination 
and Mg and ferrous iron in octahedral coordination, the 
major hydration mechanism appears to be by protonation 
of oxygen atoms adjacent to octahedral vacancies. In the 
lower mantle where Si is in octahedral coordination, one 
major mechanism appears to be protonation of oxygen 
atoms on sites where Al substitutes for Si as has been 
observed in both stishovite and MgSiO3-perovskite. 
Although more work is required at high pressure on 
more realistic hydrous pyrolite compositions, it appears 
that hydration of nominally anhydrous minerals will, in 
most cases, decrease both density and elastic moduli 
throughout silicate mantles. 

Because protons (H-atoms) are mobile they can 
facilitate deformation by propagation of defects thus 
decreasing effective viscosity. H is also very soluble in 
Fe metal, and the H content of the core is poorly 
constrained. H therefore may be as important as heat in 
controlling convection in planetary interiors. Deep 
cycling of H may thus control the existance of liquid 
water and thus carbon-based life on planetary surfaces.  
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Measuring and predicting the intrinsic glass reactivity in 
the alkaline cement pore solution is key to increasing the 
incorporation of waste materials in blended cements [1]. Direct 
measurements of the reactivity or the degree of reaction of a 
SCM in a hydrating cement paste are a complicated task. An 
overview of novel approaches to assess the reactivity of 
potentially interesting waste sources will be presented (e.g. 
Fig. 1). 
Figure 1: XRD deconvolution of a hydrated metakaolin 
blended cement 

 
This contribution presents novel insights into the reactivity 

of a range of waste glasses by dissolution experiments at high 
dilution [2] and varying pH and establishes links to the 
hydration of the same SCMs in blended cements [3]. A model 
is presented that incorporates a strong dependence of the glass 
reactivity on fineness and pore solution composition and can 
be used to actively enhance the reactivity of waste glasses in 
cement. 
 
[1] Scrivener & Nonat (2011) Cem. Concr. Res. 41, 651-665. 
[2] Snellings (2013) J. Am. Ceram. Soc. 96, 2467-2475. [3] 
Snellings et al (2014) Waste Biomass Valor. (in press). 
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Using new high precision electron microprobe data on high 
Mg olivines from Hawaii, W. Greenland, Gorgona and 
Archean komatiites we investigated the proposed effect on the 
Ni content of olivine of the temperature difference between 
melt separation deep in the mantle and its crystallization near 
the surface [1]. Of the 120 highly magnesian olivines from 
Hawaii (Fo 90.5-91.5), only 5% are consistent with low delta 
T<150oC (calculated using Ni content in olivine and the 
approach of [1]) expected for a peridotitic mantle source under 
90-100 km lithosphere, but over 74% would require delta 
T>200oC and over 50% >300oC. Thus the compositions of 
Hawaiian olivines are inconsistent with the proposed 
temperature drop and instead require a specific source 
composition. In olivines from the HSDP2 core, the Ni excess 
and Mn deficiency strongly correlate with 87Sr/86Sr and 
143Nd/144Nd of their host rocks. This confirms melting of 
olivine-free lithologies from recycled crust in the mantle 
source under Hawaii [2]. Compositions of highly magnesian 
olivines from W. Greenland and Gorgona correspond to a delta 
T of 150-170oC, which is consistent with the estimated 
lithosphere thickness at these locations. However, the 
compositions of the great majority of high-Mg olivines from 
Archean komatiites indicate a temperature effect of less than 
150oC, which is inconsistent with their high-pressure origin. 
Thus, the proposed temperature dependence of the Ni Kd 
between olivine and melt [1] may be exaggerated. 
 
[1] Matzen et al 2013 J.Petrology 54, 2521-2545 [2] Sobolev 
et al 2005 Nature 434, 590-597. 
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Stable carbon isotopes have been used in previous research 

as a process and monitoring tool at CO2 injection sites, but no 
experimental laboratory basis exists to validate this practice. 
We will present carbon stable isotope results from 
hydrothermal experiments using flexible Au-Ti reaction cells 
(Dickson cells) that allow for analysis of fluids and gases at in-
situ temperatures and pressures. To our knowledge, this is the 
first time a hydrothermal experimental approach using 
supercritical (sc)CO2 has been applied to address this 
knowledge gap.  

We will react a synthetic brine with shale samples and 
maintain conditions at 100 bar over a range of temperatures 
applicable to geological sequestration reservoirs. After a period 
of rock-brine reaction to steady-state conditions, scCO2 will be 
injected into the reactor and both gases and liquids will be 
periodically sampled for δ13C until isotopic equilibration of the 
water-rock-CO2 system has been reached. CO2 will be added in 
excess of brine saturation to ensure the existence of a separate 
scCO2 phase and fluid saturation for the duration of the 
experiments. The carbon isotopic composition of the brine, 
injected CO2, and shale (both organic and inorganic C) will be 
determined prior to the experiments. Using these values, a 
mass balance approach will be employed to predict equilibrium 
δ13C values. . 

Results will guide interpretations of interactions between 
injected CO2 and dissolved or solid organic carbon phases. 
Supercritical CO2 and DIC phases in all experiments are 
expected to reach δ13C values consistent with the mass-balance 
calculations involving inorganic carbon in the reactor. The 
organic carbon in the shale is not expected to impact values. 
Observation of deviations between predicted and observed 
δ13C values will help quantify contributions from constituents 
of the shale such as carbonates and organic matter. The results 
of this study will inform the validity of using carbon stable 
isotopes from both DIC and injected CO2 as a process and 
monitoring tool at carbon sequestration sites.  
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U-Pb geochronology on accessory minerals such as zircon 

is probably the most used microanalytical tool in geosciences, 
either accomplished by laser ablation or ion microprobe (SIMS 
or SHRIMP). Laser ablation zircon dating is normally 
performed coupling a laser ablation system to a single collect 
ICPMS, either a sector field instrument or a quadrupole. These 
systems are capable of fast analyses (generally, less than 2 
minutes per point) with acceptable precision (2-4% 2-sigma 
errors for 206Pb/238U isotopic system). This is enough to date 
geological samples up to 5-10 Ma. However, for very young 
samples, precision and accuracy decrease significantly due to 
the very low Pb isotope abundances. The same applies for 
some particular samples in which, albeit older, zircons are very 
U-poor. The use of an excimer laser system, coupled with a 
new generation Neptune Plus MC-ICPMS, equipped with 4 
compact discrete dynode (CDD) ion counters, used to measure 
the isotopic abundances of 202Hg, 204Pb, 206Pb, and 207Pb, is 
presented here together with geochronological applications to 
Pliocene to Pleistocene samples. The methodology used is a 
modification of Solari et al. (2010). Tuning employing a NIST 
610 glass standard is satisfactory when a signal of ca. 800 mV 
is reached, together with UO/U oxides < 0.5%. The CDD 
yields are routinely calibrated between themselves and against 
a reference Faraday collector at the beginning of each 
analytical session. Each of them is also calibrated for the right 
plateau current, generally every couple of weeks. For U-Pb 
geochronology the standard bracketing method is employed. 
Because the CDD allow a maximum signal of 1,000,000 cps to 
be detected, and because of the high instrumental sensitivity 
(ca. 2 mV/ppm 238U) we generally employ an analytical spot of 
17 �m, and 91500 as primary standard zircon. In comparison 
with the quadrupole, the multicollector allows a better control 
of the downhole fractionation correction, which is linear 
instead of exponential or polynomial resulting in a better 
internal (0.1-0.2% vs. 0.5-0.8% 2SE) and propagated (1-1.5 % 
vs. 2-3% 2SE) errors, with an overall reduction of the age 
uncertainties. Although the multicollector requires a larger 
tuning time, and a more complex CDD calibration, and does 
not allow the contemporaneous acquisition of zircon trace 
element contents, its increased sensitivity constitutes an 
improvement for very young or complex zircons. 
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The Oaxacan Complex is the largest exposure of 

Grenvillian-age rocks in Mexico, constituting the backbone of 
the Oaxaquia microcontinent. Whereas the main rock-forming 
events were previously established at 1.15-1.2 Ga 
(charnockite-syenite-gabbros), 1.02 Ga (AMCG suite), 990 Ma 
(granulite-facies metamorphism), and ca. 970 Ma post-tectonic 
pegmatites, no data are yet available to establish provenance 
links with other Grenville-age terranes. In this work we studied 
zircons belonging to 12 granulite samples, variably affected by 
retrogression. LA-ICPMS U-Pb geochronology was employed 
on selected zircons to determine their crystallization age and 
geochemistry. The results of the analysis of about 100 crystals 
per sample show that the studied zircons range between ca. 
940 to 1400 Ma, with only three samples having zircons 
between 1400 and 1600 Ma, and only one showing older 
zircons up to ca. 1775 Ma. Whereas some of the slightly 
discordant (1- 5%) zircons in several samples show ages 
younger than the granulite metamorphism (probably as a result 
of Pb loss), and thus a disturbed geochemical pattern 
(abnormal enrichment in LREE, decreasing HREE), a few 
metamorphic zircons show flat and depleted HREE patterns, 
contrasting with the igneous pattern of older zircons (positive 
Ce anomaly, negative Eu anomaly, enriched HREE pattern). 
LA-MC-ICPMS Hf isotopy of dated zircons indicate that some 
of the detrital zircons have an influence from an older crust 
(negative εHf values between -2 to -14), whereas the 
metaigneous samples falling in age between 1.1 and 1.2 Ga are 
more primitive, having positive εHf values of +2 to + 10, and 
TDM model age of up to ca. 1.6 Ga. 

The main distributions observed using the kernel density 
estimator diagrams fall in the range 975-995 Ma (six samples), 
1100 Ma (four samples), and 1120- 1170 Ma (six samples). 
Only the southernmost sample shows a marked peak at ca. 
1400 Ma. The application of the Kolmogorov-Smirnov (K-S) 
statistical test to the studied samples, and particularly the 
comparison of obtained P-values yield interesting similarities. 
Overall, two sample groups show internal similarities, i.e. they 
may belong to the same source area, whereas only one sample 
is dissimilar, failing to pass the K-S test. Comparison of these 
data with the timing of comparable events in the 
Sveconorwegian orogens, the Sunsas and Rondonia-San 
Ignacio belts of Amazonia, and some of the Precambrian 
massifs cropping out in the Andes help to constrain possible 
Mesoproterozoic conjugate margins of Oaxaquia. 
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The world-class massive sulfide deposits of Zn-Pb type 

from the Bathurst Mining Camp (BMC), Canada were 
subjected to integrated mineralogical and geochemical studies 
of volatile trace-elements (As, Cd, Hg, In, Sb, Tl) in sulfide 
mineral assemblages. An analytical setup is examined and 
developed by combining laser ablation (LA) and inductively 
coupled plasma mass spectrometry (ICP-MS) techniques. The 
improved analytical protocols include an evaluation of 
optimized ablation conditions, choice of external standards, 
internal standardization and data reduction strategies. 

The outcomes to date indicate that all forms of pyrite at the 
BMC are arsenian in nature. Cadmium occurs in sphalerite, 
galena, and pyrite with the former hosting the highest 
concentrations (845-1996 ppm). Sphalerite is the dominant 
host for Hg (1.4-174.9 ppm). Indium is locally elevated in 
sphalerite, chalcopyrite, and pyrite. Antimony typically occurs 
in galena, as well as pyrite. Finally, Tl is locally enriched in 
pyrite (0.06-338 ppm) and galena. 

Sulfide mineral textures, in particular pyrite, display a 
strong correlation with their volatile element concentrations. 
‘Primary’ pyrite (i.e., pre-deformational) displays higher 
volatile element concentrations than ‘secondary’ (i.e., syn-
deformational and post-deformational) pyrite. In contrast, 
some deposits displays high contents of volatile trace-elements 
in late recrystallized pyrite. Therefore, upgrading trends in the 
primary pyrite suggests that metamorphism and syn-
deformational processes do not have major effect on 
redistribution of these elements. Whereas signature of 
liberation of these elements in recrystallized pyrite offers 
association to the origin of the ore deposition. Hence, these 
primary and secondary dispersions of volatile trace-elements in 
sulfide minerals, particularly in texturally distinct pyrite, 
potentially can be used as a trace-element vectoring tool in 
exploration for massive sulfide deposits. 
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As a part of Takab Metamorphic Complex (TMC), Belqeis 

Mountain has a variety of metamorphic rocks including 
granitic gneisses, amphibolites, pelitic schists, meta-
ultramafics and calc-silicate rocks. This complex was 
metamorphosed and deformed during Late Neoproterozoic-
Early Cambrian Pan-African orogeny and intruded by 
granitoid magmas during Tertiary times. Geochemically, the 
protoliths of granitic gneisses of Belqeis Mountain have 
geochemical features resembling Cordilleran granites [1] 
including being I-type, slightly peraluminous and showing 
calc-alkalic to calcic and magnesian properties. The Chondrite-
normalized REE patterns are moderately fractionated 
([La/Yb]n= 3-27) with slight negative Eu anomalies (Eu/Eu*= 
0.35-0.64) that points to the source with residual plagioclase. -
Multi elements spider diagram normalized to primitive mantle 
values exhibits overall enrichment in LILEs against HFSEs. 
The depletion in HFSEs accompanied with enrichment of 
LILEs indicating the generation of protolith in subduction-
related systems [2]. Tectonic discrimination diagrams suggest 
a combination of volcanic arc and continental collision settings 
for samples of interest. All aforementioned geochemical 
characteristics in addition to occurrence of paleo-suture zone 
and ophiolitic rocks (i.e. Serpentinites, meta-mafic and meta-
ultramafic rocks) around these medium to high grade 
metamorphic rocks confirm subduction of an oceanic crust 
followed by collision in the study area [3]. 
 
[1] Frost et al (2001) J. Petrology 42, 2033-2048. [2] Saunders 
et al (1980) EPSL 46, 344-360. [3] Moazzen et al (2009) EJM 
21, 149-162. 
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The Azarbayjan Magmatic Plateau (AMP) is a huge area of 
Tertiary alkaline volcanism in Iran. The main tectonic features 
of AMP were formed as a result of convergence between the 
northward-moving Afro-Arabian plate and the relatively stable 
Eurasian plate. The lithospheric mantle evolution beneath 
AMP is not well known due to the limited petrological data 
and thus the magmatic evolution of this area is still debated.  

Mafic porphyritic dykes, classified as minette 
lamprophyre, intrude the Early Cenozoic sedimentary 
formations. Idiomorphic phenocrystals of diopside-fasaite 
(En38-45Fs8.1-3.1Wo49-53) with low Alvi/Aliv and medium to high 
Al/Ti, and phlogopite with high Mg# (64-76), TiO2 (1.6-3.6), 
low and variable Al2O3 (14.1-16.1) are the main minerals. The 
rocks can be classified as calc-alkaline (shoshonitic) 
lamprophyres on the basis of major and trace elements; K2O 
(1.4-6.5%wt), Al2O3 (11-21%wt), TiO2 (0.63-0.96%wt) and 
V/Cr (0.2-0.96). All lamprophyres show strong enrichement in 
LILE and LREE, depletion in HFSE (Nb, Ta, Ti) and low 
Lu/Yb (0.14-0.16). 

The new mineral and whole-rock geochemical data 
indicate that in addition to fractional crystalization and, 
possibly, minor crustal contamination, the partial melting of 
the metasomatized mantle played an important role in the 
formation of the lamprophyres (e.g., Dy/Yb, Rb/Sr and Ba/Rb 
ratios). The lamprophyre parental magma was generated in a 
collision-related extensional setting following the closure of 
the Neotethys Ocean during Cenozoic times. 
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Introduction 

X-ray florescence (XRF) is described as a surface 
technique because of minimal beam penetration. As a result, a 
flat finely disseminated and homogeneous sample is preferred 
for XRF analysis. This explains the routine procedure to 
prepare samples in any laboratory analysis. However, most 
handheld XRF (HHXRF) users prefer to save time and not to 
prepare samples. This study compares lab results with HHXRF 
assays of prepared and unprepared samples from two deposits. 
Results and Conclusion 

The Madero is a Zn–Cu–Pb–(Ag) deposit, Mexico, 
consists of several mineralized zones which contain two types 
of sulfide assemblages: Pb-Zn and Cu-Ag. The deposit is 
hosted by the Mesozoic marine sedimentary rocks suggesting a 
sedimentary exhalative (SEDEX) or volcanogenic (VMS) 
origin with some skarn reactions which formed calc-silicates 
and replacement textures. 333 drill core samples were analyzed 
by both lab (ICP) and Thermo Scientific Niton XL3t-950 
GOLDD handheld analyzer. The results show great 
improvement by sample preparation. For example, Zn 
correlation with lab data jumps from 72.25% in the unprepared 
samples to 96.36% in the prepared samples (Fig. 1). Similar 
results were obtained from the Carmax Cu-Mo porphyry 
deposit, Canada.  
 

Figure 1: Correlation between lab and HHXRF data for Cu, 
Pb and Zn (prepared and unprepared samples) from the 
Madero Pb-Zn deposit. 
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A series of doublet straight long-chain alkyl naphthalenes 

(LANs) is detected in the Cretaceous Lacustrine sediments in 
Songliao Basin. Theδ13C composition of LANs vary from -
27.1‰ to -31.4‰, compared to normal alkanes’ much negative 
composition of -31.9‰ to -34.5‰, and displays a gradual 
negative trend along with the increase of carbon number of 
alkyl chain. Theδ13C composition of methyl- & dimethyl 
naphthalenes is in the range of -25.6‰ to -28.4‰, which is 
apparently much heavier than that of LANs. Based on the 
carbon isotopic composition of n-alkanes, methyl and dimethyl 
naphthalenes and LANs and their variation trend, a new 
hypothesis for the LANs formation is proposed as 
demonstrated that the LANs could be geosynthesized and 
jointly formed by the isotopic heavier naphthalene and lighter 
unsaturated alkyl chains. The ratio of total methyl substituted 
naphthalenes against total LANs, expressed as ∑MNs/∑LANs, 
show consistent change on the profile with the profile 
variations of Pr/Ph, TOC and HI. These suggest that the 
formation of LANs are likely controlled by redox condition of 
sedimentary environments as a reduced condition is favourable 
for LANs’ formation and an oxic condition favourable for the 
formation of methylated naphthalenes. 
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Mercury (Hg) is a natural element whose global 

biogeochemical cycle has been profoundly changed by human 
activites. In its methylmercury (MeHg) form, Hg 
bioaccumulates along aquatic food chains and affects human 
and wildlife health. MeHg is neurotoxic to the developing 
foetus and young children and is thought to be linked to 
cardiovascular disease in adults. Humans are thought to mainly 
absorb toxic MeHg through dietary exposure. There is 
however substantial variation in dose-response among different 
populations. A better understanding of precise dietary exposure 
and metabolic breakdown of MeHg would help optimizing Hg 
risk management and environmental policy. 

Hg stable isotope signatures show large variations across 
Earth surface reservoirs and within biological species. These 
variations result from the gradual fractionation of heavy/light 
and even/odd Hg isotopes during the multiple physicochemical 
processes that shuttle Hg across the Earth’s surface. Two 
useful Hg isotope fingerprints, δ202Hg and Δ199Hg, characterize 
its source, or code for the transformations that Hg has 
undergone in its biogeochemical cycle. 

In this presentation I will review recent studies on the use 
of human hair Hg isotope signatures as tracers for dietary and 
occupational exposure. Hair Δ199Hg, which has a 
photochemical origin and is not affected by Hg metabolism, 
appears to be a robust and conservative marker for the dietary 
source of MeHg. Amazonion river people have low Δ199Hg 
that are identical to that of the fresh water fish they consume; 
similarly Europeans have higher Δ199Hg corresponding to a 
mixed sea food diet, while North-Americans have elevated 
Δ199Hg corresponding to the consumption of open ocean 
predator fish such as tuna. 

In contrast, the δ202Hg signature is affected by nearly all 
chemical transformations of Hg. Human hair δ202Hg shows a 
systematic 2 ‰ enrichment in the heavier isotopes compared 
to the fish that was consumed across all three populations. I 
will show that the origin of this 2 ‰ enrichment potentially 
lies in the metabolic demethylation of MeHg, a detoxification 
mechanism that lowers MeHg exposure. 
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Mercury (Hg) stable isotope abundances show large 

variations across biogeochemical reservoirs. These variations 
result from the gradual fractionation of heavy/light and 
even/odd Hg isotopes during the multiple physicochemical 
processes that move Hg across the Earth’s surface. No less 
than five Hg isotope fingerprints (not all understood!) 
characterize its source, or code for the transformations that Hg 
undergoes in its biogeochemical cycle. Tracing the dominant 
natural and anthropogenic Hg emissions at the global level is a 
challenge. The further Hg emissions travel from their source, 
the more likely it is that oxidation/reduction, sorption or (de-
)methylation reactions modify the original source Hg isotope 
signatures. 

In this presentation we will review Hg isotope signatures 
of 1. major natural and anthropogenic emission sources, 2. 
different forms of atmospheric Hg. We will present new 
observations on atmospheric Hg speciation and Hg isotopic 
composition of total gaseous Hg (TGM) in the free troposphere 
of the Pic du Midi Observatory (2877m, France). Small but 
significant variations in δ202Hg (-0.04 ‰ to 0.51 ‰), and 
Δ199Hg (-0.11 ‰ to -0.31 ‰) were observed throughout the 
sampling period and are similar to published observations in 
the terrestrial boundary layer. The δ202Hg variations were 
highly related to the sources of TGM at the Pic du Midi, with 
higher values observed mainly under the influence of oceanic 
air and lower values dominated by continental air. A 
significant negative correlation between δ202Hg values and 
atmospheric CO concentrations was observed and suggests that 
the isotopic composition of TGM in oceanic air masses may 
differ significantly from those of anthropogenic sources on the 
European continent.  
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Western Antarctic Peninsula (WAP) Mercury (Hg) 

Dynamics and Methods 
Coastal Hg deposition is enhanced along the WAP1 

through photochemical oxidation of elemental Hg in the 
atmosphere with reactive halogens depositing on surfaces of 
sea ice and snow.2,3 During melt, deposited Hg may be released 
to coastal WAP ecosystems, where Hg biomagnification has 
been observed.4 Antarctic Krill (E. superba), an important link 
in the WAP foodweb, develop along the WAP coast,5 and once 
matured migrate offshore in widely distributed adult swarms.6 
Offshore (>100km) and onshore (<50km) krill were analyzed 
for monomethylmercury (MMHg) and total mercury (THg) to 
examnine how coastal Hg dynamics affect Hg 
bioacccumulation in WAP food webs. 

Hg concentrations in Juvenile and Adult Krill 
Coastal (n=14) juvenile krill accumulated higher MMHg 

(2.12±0.97 ngg-1) and THg (9.23±3.09 ngg-1) concentrations 
than offshore (n=11) adults (0.29±0.20 ngg-1 , 6.33 ± 1.74 ngg-

1) at ~65°S. MMHg and THg concentrations were correlated 
for both onshore juveniles (R2=0.69) and offshore adults 
(R2=0.41). 

Future research will provide regional comparisons between 
coastal and offshore Hg dynamics using water, plankton, and 
krill samples along the WAP. In addition, stable N and C 
isotopes will be used to identify trophic niche and carbon 
sources providing explanations for differing Hg concentrations 
during E. superba development. 

 
(1) Bargagli, R., C. Agnorelli, et al (2005). Environmental 
Science & Technology 39 (21) 8150-8155. (2) Skov, H., J. H. 
Christensen, et al (2004). Environmental Science & 
Technology 38 (8) 2373-2382. (3) Chaulk, A., G. A. Stern, et 
al (2011). Environmental Science & Technology 45 (5) 1866-
1872. (4) Bargagli, R., F. Monaci, et al (1998). Marine 
Ecology Progress Series 169 65-76. (5) Daly, K. L. and J. J. 
Zimmerman (2004). Polar Biology 28 (1): 72-81. (6) Schmidt, 
K., A. Atkinson, et al (2011). Limnology and Oceanography 
56 1411-1428. 
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A Significant Chemical Reservoir 

As they emerge from the crust, hydrothermally influenced 
fluids are rich in dissolved metals and depleted with respect to 
oxygen. As the fluid mixes with the cold and oxic deep-sea 
water rapid formation of metal sulfides and oxides occurs.  

Most hydrothermal systems are significantly enriched in 
dissolved metals with respect to seawater and it is common for 
dissolved iron, zinc, and copper concentration to be orders of 
magnitude above that of other metals[1]. The minerals that 
they form are known to incorporate other elements, both within 
the structure of the mineral and via adsorbtion to the mineral 
surface, as they form[2,3]. 

The deposition and burial of these minerals represents a 
major sink for the dissolved metals and phosphorous in 
hydrothermally influenced fluids[4]. By studying the dynamics 
of mineral formation, we seek to identify the locations within 
the plume where the loss processes occur and the rates at 
which they occur within a rising hydrothermal plume. 

Methods and Results  
Particles were collected from multiple heights within the 

rising plumes of three Lau Basin venting sites: Kilo Moana, 
ABE, and Mariner using in-situ filtration. By combining bulk 
geochemical measurements with synchrotron X-ray 
spectroscopy and diffraction techniques it is possible to 
determine the speciation and quantity of the minerals that are 
formed. 

Our work thus far has shown that chemical differences in 
the hydrothermal fluids from different venting sites 
significantly affects the speciation of the iron, zinc, and 
copper minerals formed in the rising plume.  
 
[1] German et al (2003) Treatise on Geochemistry 6, 181 – 
222. [2] Manceau et al (1992) Abstr. Pap. Am. Chem. Soc. 203, 
49. [3] Sands et al (2012) Earth Planet. Sci. Lett. 319-320, 15–
22. [4] Roberts et al (2003) J. Colloid Interface Sci. 263, 364–
376. 
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The origin of the Moon is a fundamental question in 
planetary science. It is generally thought that the Moon was 
derived when a giant Mars-sized object struck the Earth. 
Geochemical evidence, such as indistinguishable Δ17O, δ30Si 
and 182W/184W signatures between the silicate Earth and Moon, 
provide evidence in support of the giant impact theory. It is 
generally assumed the Earth and Moon also share initial Pb 
isotopic compositions, yet the radiogenic nature of primary Pb 
in lunar rocks (µ > 35) is in sharp contrast to Pb in the 
terrestrial mantle (µ ~8 to 10). An excess of unsupported 
radiogenic Pb is common in most lunar samples, including 
some of the oldest Ferroan Anorhosites (FAN; > 4.36 Ga). 
Attempts to explain the excess radiogenic Pb in FAN have 
included early (> 4.36 Ga) development of a high-µ, KREEP-
like reservoir within the lunar upper mantle/lower crust and 
volatile mobilization of radiogenic Pb from KREEP-rich 
reservoirs during 3.9 Ga basin-forming impacts. 

The Mistastin Lake impact structure, Labrador, Canada is 
an unique lunar analogue site, being the only known terrestrial 
crater to produce impact melt largely from an anorthositic 
source. In addition to anorthosite, the crystalline target rocks at 
Mistastin consist of mangerite and granodiorite, which can be 
used as proxies for the more radiogenic KREEP-like 
compositions identified in lunar rocks. In order to assess the 
effect of impact processes on the Pb isotope systematics of 
lunar rocks, we have investigated the elemental and Pb isotope 
ratios of well-preserved plagioclase, shocked plagioclase and 
maskelynite fom anorthosites, and well-preserved plagioclase 
from the mangerite at Mistastin using LA-ICPMS/LA-MC-
ICPMS. Results show similar elemental and Pb isotope 
compositions for all plagioclase and maskelynite analyzed, 
suggesting the impact at Mistastin did not result in the 
modification of the Pb isotope systematics of these 
components. If the unsupported radiogenic Pb found in ancient 
lunar samples is the result of volatilization and mobilization of 
Pb due to impact, this may reflect the more intense impacting 
of the lunar crust and/or a more intimate relationship between 
the ancient lunar crust and a radiogenic source. 
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The goal of many sedimentary provenance studies is to 

characterize and identify the sedimentary source. This 
information can contribute to paleogeographic reconstructions, 
correlation between sedimentary rock units, and the 
determination of maximum depositional ages. Detrital minerals 
are divided into 3 broad categories: (1) multi-cycle refractory, 
grains that are easily recycled and long-lived in the 
sedimentary system (e.g. zircon); (2) multi-cycle, yet affected 
by diagenetic changes (e.g. rutile); and (3) first-cycle, grains 
that are easily broken down by chemical weathering (e.g. 
feldspars). Often, multiple in-situ techniques (EPMA, LA-
ICPMS, SIMS) are applied to the same detrital mineral and the 
results combined to maximize the information for provenance 
analysis. 

Tourmaline is an excellent mineral for sedimentary 
provenance investigations. It is present in most rock types and 
is known for both its chemical and physical stability. Along 
with rutile and zircon, tourmaline is considered one of the most 
stable multi-cycle detrital minerals. We present a new method 
for measuring Pb isotopes in tourmaline by laser ablation (193 
nm, excimer) multi-collector ICPMS (ThermoScientific 
Neptune). The method employs the use of Channeltron ion 
counters for detection of 202Hg, 204, 206, 207, 208Pb and 235, 238U ion 
signals. A standard-sample-standard bracketing approach is 
used to correct for instrumental mass bias using BCR2G as the 
external standard. Stationary laser ablation conditions were 5 
J/cm2, 10 Hz with a laser spot size from 20 to 129 um, 
depending on the total Pb concentration of the tourmaline grain 
of interest. Accuracy and precision of the method was 
evaluated by within-run analyses of an in-house tourmaline 
standard with homogeneous Pb isotope composition 
characterized by ID-TIMS. Using example data collected from 
detrital tourmalines found in reservoir sandstones of offshore 
Newfoundland and potential source rocks from on-land 
Newfoundland stream deposits, we will demonstrate how in-
situ Pb isotope geochemistry of detrital tourmalines can be 
combined with in-situ elemental and Boron isotopic data from 
the same tourmaline grain to further characterize the source 
rock. We will also demonstrate how this information can be 
integrated with geochemical data from other in-situ 
provenance techniques (e.g. Pb in feldspar, U-Pb and Hf in 
zircon) to constrain sedimentary sources. 
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Anatase (TiO2), Cr-magnetite, chrysoprase (SiO2 + Ni-talc 

microinclusions [1]), and other Fe-oxides occur as secondary 
minerals within a horizon of lateritic weathering on the basal 
Cenozoic nonconformity in the Sierra Nevada, CA. We 
investigate the application of the (U-Th)/He chronometer to 
these secondary minerals in pursuit of 1) chronology of 
geochemical alteration along this nonconformity and 2) new 
approaches to radiometrically dating laterites globally. 

The diversity of chemically altered lithologies hosting the 
secondary phases we aim to date include: 
• Altered plutonic rock hosting calcite which is cross cut by 

euhedral anatase and acicular brookite. 
• Lateritically weathered Kings-Kaweah Ophiolite Belt 

rocks [2] underlain by saprolite where magnesite veins 
are altered to chrysoprase. 

• Jurassic Gopher Ridge meta-volcanics [3] weathered to 
~10 m thick hematite-bearing ferruginous laterite 

• Ferruginous jasperoid silcrete hosting Cr-magnetite grains 
(Fig. 1) exhibiting Cr, Mg, Al depletion and Fe, Ni 
enrichment (both core-to-rim depletion gradient and 
fully depleted profiles) which have been reported in 
other laterically altered chrome-spinel phases [4]. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. BSE image of lateritically weathered Cr-magnetite 
 
[1] Vasconcelos and Singh (1996) Mesozoic Geology of the 
Eastern Australian Plate Conference 43, 545. [2] Saleeby 
(1978) GSA Bulletin 89, 617-636. [3] Bates (1945) GSA 
Bulletin 56, 1-38. [4] Oze et al. (2003) USGS OFR 03-251.  
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We present microprobe and laser ablation ICP-MS data 

with 19 different major and trace elements measured on 
twelwe basaltic samples from the southern Payenia volcanic 
province, Argentina. The basalts have been erupted in a 
backarc setting of the Andean Southern Volcanic Zone but 
have been shown to have an EM1 OIB-type trace element and 
isotopic composition [1, 2]. The average compositions of the 
ten most forsterite (Fo)-rich grains in each sample range from 
Fo80 to Fo88 and the Fo contents display good correlations with 
the trace element contents. As the Fo decreases, the Zn, Co, 
Mn, Y, Ga, Mo, Li, P, Zn/Fe and Ni/(Mg/Fe) increases while 
Ni, Cr, Cu, Ca/Fe and Mn/Fe decreases. Ca, Al, Ti, Sc and V 
remain relatively constant. In plots of Ni/(Mg/Fe) and Ca/Fe 
vs. Mn/Fe the olivine averages follow the trends found by 
Sobolev et al. [3] and range from compositions close to MORB 
olivines to compositions in equilibrium with pure pyroxenite 
melts. 

The four olivine averages with lowest Fo contents have 
presumably experienced olivine, Cr-spinel and minor amounts 
of clinopyroxene (cpx) fractionation, whereas the remaining 
eight were probably in equilibrium with melts that had only 
fractionated olivine and Cr-spinel. Although cpx fractionation 
may have lowered the Ca/Fe and Mn/Fe in the four lowest Fo 
samples, it cannot have generated the full spectrum of 
compositions found. For example, the increase in P along the 
trend would require ~65% fractionation which is highly 
unlikely. Also, the positive correlation between Zn/Fe and 
Ni/(Mg/Fe) is inconsistent with fractionation of both cpx and 
olivine. Therefore the changing trace element compositions 
and the associated decrease in Fo contents are interpreted to 
reflect an increasing amount of pyroxenite or eclogite melt in 
the primary melts. 

 
[1] Søager et al (2013) Chem. Geol. 349-350, 36-53. [2] 
Søager & Holm (2013) Chem. Geol. 360-361, 204-219. [3] 
Sobolev et al (2007) Science 316, 412-417. 
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Arctic permafrost carbon represents approximately half of 
the global Soil Organic Carbon (OC) reservoir, with tundra, 
taiga and terrestrial ice complexes containing approximately 
twice as much carbon as the atmospheric carbon pool. Recent 
Arctic warming has overtaken predictions and will lead to 
large-scale thawing of permafrost. However, study in this area 
has been restricted, and the fate of OC liberated by permafrost 
thawing is poorly understood. We present evidence from 90 
sediment samples collected across the East Siberian Shelf 
concentrating on the outflows of the easternmost Great Russian 
Arctic Rivers (Lena, Indigirka and Kolyma), investigating 
specific terrestrial OC biomarkers.  

Glycerol dialkyl glycerol tetraether (GDGT) analysis, in 
line with δ13COC, reveals distinct regions on the shelf. Near to 
the coast, especially beside the Lena river outflow and in Buor-
khaya Bay, the BIT index (a marine-terrestrial OC proxy) is 
high. Both the BIT and amounts of branched GDGTs diminish 
rapidly whilst the δ13COC and crenarchaeol concentrations 
remain relatively unchanged - branched GDGTs are the 
controlling factor for the BIT in this area. Offshore the BIT 
index progressively decreases at a similar rate from all rivers, 
denoting a diminishing terrestrial component and an increasing 
marine input; a declining BIT is accompanied by a substantial 
increase in δ13COC and crenarcheol, implying marine influx.  

Our analysis, in combination with recent finds in terrestrial 
Arctic deposits and western Arctic rivers, indicates that the 
majority of the branched GDGTs on the shelf are likely 
originating from the rivers rather than topsoils and/or ice 
complex permafrost debris. In addition, once transported to the 
shelf the river-produced OC seems to behave differently when 
compared to the bulk of the exported terrestrial OC, suggesting 
a potentially different response to a warming climate and the 
associated feedback mechanism. 
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Metamorphic P-T paths have generally been inferred by 

assuming a close approach to equilibrium during progressive 
metamorphism but several recent papers (e.g. Pattison et al. 
[1]) have suggested that significant overstepping of 
metamorphic reactions may be common. This paper explores 
the consequences of such overstepping in light of metamorphic 
P-T path determinations.  

Model calculations have been done in which an arbitrary 
degree of overstepping is assumed (the “OS” model). The 
composition of garnet that would form at these conditions is 
computed from the largest decrease in Gibbs free energy. This 
composition is then used to estimate the P-T conditions of 
garnet nucleation had it been assumed that nucleation occurred 
in equilibrium with the matrix assemblage (the equilibrium 
nucleation or “EqNu” model). The EqNu model yields P-T 
conditions that are at lower temperature and higher or lower 
pressure (depending on the coexisting calcic phase) than the 

true OS conditions. The degree 
of discrepancy also increases 
with the degree of overstepping. 

The model is applied to 
three natural samples. The 
Raman shift of the 464 cm-1 
peak of quartz was used to 
determine the pressure on quartz 
inclusions in garnet and a 
thermo-elastic model applied to 
determine the entrapment 

isochore. Model calculations assuming overstepping along the 
entrapment isochore were compared with the EqNu model. A 
sample from the garnet isograd in eastern Vermont requires 
little or no overstepping (affinity < 1 kj/mole garnet). A sample 
from the garnet zone from Vermont requires overstepping of 
around 50 ˚C and 2-5 kbar (affinities around 10kJ/mole 
garnet). A blueschist sample from Sifnos, Greece yields a 
similar amount of overstepping. These results indicate that 
overstepping of garnet nucleation reactions may be common 
and pronounced in regionally metamorphosed terranes and that 
the P-T conditions and paths inferred from garnet zoning 
studies may be egregiously in error. 
 
[1] Pattison, D.R.M. et al (2011) Jour Met Geol 29, 953-977. 
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A hypothesized oxygenation event near the Precambrian-

Phanerozoic transition is generally considered a main driver in 
the evolution of large, ecologically diverse animals. And 
indeed, there is obvious volatility in marine geochemical proxy 
records during this time. Some redox proxies, such as redox-
sensitive trace element abudances in anoxic shales, show 
evidence for oxygenation at this time period. Others, however, 
such as Mo isotopes, statistical analyses of iron speciation data 
and some models of atmospheric O2 indicate limited or no 
evidence for oxygenation. The sum of emerging data suggest 
that the dawn of the Phanerozoic may not have been a state 
change with respect to oxygenation, and that full oxygenation 
may have continued through the Paleozoic. 

Such limited oxygenation scenarios cast doubt on the links 
between oxygen and the Cambrian explosion. The ecology of 
modern Oxygen Minimum Zones—areas with geologically 
long-lasting chronic low oxygen conditions—can provide an 
analogue to better understand how small changes in oxygen 
may have affected early animal communities. Intriguingly, at 
very low oxygen levels benthic animal communities exhibit 
non-linear threshold behavior in many ecological factors with 
respect to increasing oxygen. These responses include organic 
carbon processing efficiency, total species diversity, food web 
complexity and relative carnivore abundances. Although 
oxygen thresholds vary between responses, the most 
significant effects of oxygen on benthic faunas occur in the ~5 
to 20 umol/kg 02 range (~0.1 to 0.45 mL/L). These levels are 
~2-10% of modern surface ocean oxygen saturation, and 
broadly correspond to commonly-assumed oxygen levels for 
the Proterozoic ocean.  

Thus, a strong hypothesis can be put forward that a 
relatively small oxygen increase could move animals past 
critical ecological thresholds, especially with respect to factors 
such as carnivory, and trigger the Cambrian radiation. This 
however is obviously a more subtle and complicated scenario 
than most current hypotheses that call upon an oxygen increase 
to modern levels as the key environmental trigger.  
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In geological reservoirs CO2 can be used for permanent 

storage or to enhance the production of hydrocarbons. Most of 
these reservoirs are sealed by tight, argillaceous rocks high in 
clay content (e.g. kaolinite, illite, smectite). Injected CO2 will, 
by buoyancy, move upwards in the reservoir until it reaches 
the clay-rich seal. The high capillary forces of such a seal will 
prevent viscous flow, however, aqueous diffusion of CO2 
through the pore network will take place. As shown earlier, 
clays are able to significantly adsorb CO2, and, in the case of 
expandable clays such as montmorillonite this can cause clay 
swelling and the build-up of swelling pressures. We consider 
this an important aspect for the long-term containment of 
injected CO2. Experimental data on the influence of CO2 in 
swelling clays is challenging to interpret due to the lack of a 
validated molecular model. Therefore the main focus of our 
work is to use molecular simulations for gaining better insights 
in molecular configurations and mechanisms present in Na-
exchanged Wyoming montmorillonite exposed to CO2. This is 
done under in-situ hydration states, typically between zero and 
one (0W-1W) water layers, in the interlayer space. 

 We used a hybrid scheme of molecular dynamics – Monte 
Carlo simulations with the ClayFF force field to model CO2 
adsorption in Na-montmorillonite. The simulations reproduce 
experimentally measured basal spacings demonstrating 
partially filled water layer states instead of discrete layers. 
Strain experiments of CO2 adsorption in montmorillonite 
indicate no swelling at these discrete states, but up to 10% 
swelling strain for hydration states between those. This is 
qualitatively reproduced with molecular simulations by adding 
CO2 molecules in the interlayer of montmorillonite. Radial 
distribution functions and density profiles show that CO2 is 
able to coordinate around the Na-cations, and increasing 
coordination causes increasing swelling strain.  

In summary, molecular simulations provide evidence that 
CO2 is able to cause swelling strain in swelling clays by 
coordination of cations. 
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The ~2.5 Ga Mt. McRae Shale records excursions in a 

number of geochemical signals that have been interpreted to 
represent an early pulse of oxygenation at Earth’s surface [1, 
2]. Of particular interest are very light δ13C values in organic 
carbon [1], which could have been produced by 
methanotrophs. Nickel is an essential micronutrient to 
methanogens/trophs, and these organsisms have also been 
shown to fractionate Ni isotopes [3]. We are targeting Ni 
concentrations and stable isotopes in black shale samples from 
~110-190 m depth in the Mt. McRae core ABDP-9 [1,2] to see 
if we can detect a signature of methanogenesis/trophy. Like 
some other metals, the concentrations of Ni in the shales spike 
during the interval from ~125-153 m (referred to as S1), which 
is thought to record the pulse of oxygen, followed by a return 
to anoxic conditions [1,2]. Because Ni is critical to 
methanogens/trophs, Ni isotopes might offer new insight into 
the role of these biological processes in the Archaean. 

Here we present preliminary Ni stable isotope 
compositions of twenty samples of the Mt. McRae Shale [1,2]. 
The samples have a wide range of δ60Ni from +0.2 to +1.4‰. 
The Ni isotope compositions of samples from within the S1 
interval are slightly heavier and more variable than samples 
from other parts of the sequence. The average δ60Ni of ten S1 
samples is 0.78 ± 0.29‰, while the average for ten samples 
from before and after S1 is 0.40 ± 0.15‰ (1SD). The overall 
heavier Ni isotopes in the S1 section likely reflect the delivery 
of heavier dissolved Ni to the oceans over that time due the 
retention of lighter Ni by Fe-oxides during oxidative rock 
weathering [4]. The greater variability of Ni isotopes in S1 is 
due to large shifts in δ60Ni (+0.3 to +1.4‰) of samples in the 
short interval from ~135-137 m. This interval also records an 
excursion to very light δ13C in organic carbon [1]. It is possible 
that the highly variable Ni isotope compositions at that time 
reflect instability in the marine Ni cycle caused by an increase 
in the importance of methanotrophy and methanogenesis in the 
biogeochemical cycle of Ni. 

 
[1] Kaufman et al (2007) Science 317, 1900; [2] Anbar et al 
(2007) Science 317, 1903; [3] Cameron et al (2009) PNAS 106, 
10944; [4] Spivak-Birndorf et al (2013) 125th GSA meeting, 
abst. #149-7 
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Research over the past decade has demonstrated the 

presence of microbial communities in glacial sediments [1, 2]. 
The active components of the microbial community have been 
identified in glacial sediments at Robertson Glacier (RG), 
Canadian Rockies, where elevated CO2 and CH4 
concentrations have been measured [3, 4]. However, there is a 
dearth of empirical data on the net contribution of carbon 
based gases (CO, CO2 and CH4) from glacial systems to the 
atmosphere. 

In this study we measured the flux of CO, CO2 and CH4 
from recently exposed subglacial sediments at RG using the 
static chamber method and shallow sediment cores. Gas 
analyte concentrations were measured from samples collected 
from gas flux chambers placed on the sediment surface along 
transects both parallel to and perpendicular to the glacier 
terminus. Over 300 measurements were made during the July 
to September, 2012 melt season which were used to determine 
both spatial and temporal variability in the gas fluxes at this 
retreating, temperate glacier. Shallow sediment cores were 
collected adjacent to the static chambers and vertical gas 
concentration profiles were measured from the thawed cores. 
Linkages between core profile gas concentrations and net gas 
analyte fluxes are discussed based on diffusion and 
biogeochemical processes in the sediments as revealed by 16S 
rRNA gene analysis. 

 
[1] Skidmore, M., Anderson, S. P., Sharp, M.J., Foght, J.M. & 
Lanoil, B.(2005) Appl. Environ. Microbiol. 71, 6986–6997. [2] 
Lanoil, B., Skidmore, M., Priscu, J.C., Han, S.-K., Foo, W., 
Vogel, S., Tulaczyk, S. & Engelhardt, H. (2009). Environ. 
Microbiol. 11, 609–615. [3] Boyd, E. Skidmore, M., Mitchell, 
A., Bakermans, C. & Peters, J. (2010) Methanogenesis in 
subglacial sediments. Environ. Microbiol. Rep., 2, 685-692. [4] 
Hamilton, T. L, Peters, J.W., Skidmore, M., & Boyd, E.S. 
(2013) ISME Journal, 7, 1402-1412. 
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Recent studies have discussed the presence of carbon as 
carbide (either liquid or solid) at conditions of the Earth's 
upper mantle. However, the stability of carbon as dissolved 
component in iron metal or as carbide phases in the Earth's 
interior would be mainly controlled by the local Fe(Ni)/C 
ratios. This implies that at low carbon contents (<50 ppm), 
representative of a C-depleted mantle source, the transport of 
carbon will likely occur by interstitial diffusion through the 
coexisting metal phase. To date, no data are available to 
determine the effect of pressure and temperature on carbon 
diffusion in iron metal. Therefore, we performed experiments 
to determine the diffusion coefficient of carbon in iron at high 
pressure and temperature.  

Experiments were performed using multianvil device at 
pressures between 3 and 6 GPa and temperatures of 800-1200 
°C. Glassy carbon with zero-porosity and a density of 1.5 g 
cm-3 was used as diffusant, directly in contact with pure iron 
rod of known thickness, loaded in a MgO capsule. FE-SEM 
was used for textural observation and accurate determination 
of the interface between layers, while concentration profiles 
were measured using the electron microprobe with an 
optimized standardization procedure including Fe standards 
with different carbon contents. The concentration profiles of 
carbon in iron were computed to determine the diffusion 
coefficients based on Fick's second law formulation assuming 
isotropic one dimension diffusion. The diffusivity coefficient 
for carbon in iron metal is ~3x10-11 m2s-1, with an activation 
energy of ~62 kJ/mol, in agreement with previous experiments 
performed at ambient pressure. The activation volume 
determined from our experiments is ~1.5x10-6 m3/mol that is 
almost identical to the activation volume determined for other 
elements for which a similar diffusion mechanism in iron has 
been established.  

The data will be used to derive a model for carbon 
transport within a metal-saturated upper mantle and to 
constrain the conditions for the stability of C-rich metal 
phases. 
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Recent studies of diamond inclusions have proposed that 
eclogitic diamonds may form from either carbonate melts or by 
precipitation from CO2-bearing aqueous fluids [1]. The redox 
conditions at which diamonds and carbonate melts are stable in 
eclogitic settings are still relatively uncertain with respect to 
temperature and pressure due to the diverse composition of 
these rocks. In addition, no data are available to predict the 
composition and carbon speciation in coexisting aqueous fluids 
from which diamonds might have formed.  

Multianvil experiments were performed between 3 and 6 
GPa and temperatures of 800-1300°C using a synthetic 
eclogite assemblage representative of subducted oceanic crust 
in the Na-Ca-Mg-Al-Si-Fe-O-C system equilibrated with Ti-
bearing minerals. In this set of experiments the oxygen 
fugacity corresponding to the equilibrium between carbon and 
carbonate was measured using Ir as a redox sensor. We also 
investigated the carbon speciation in aqueous fluids based on a 
recent aqueous solution chemistry model [2]. Calculations 
were performed using equilibrium constants to determine the 
composition of C-bearing aqueous fluids in equilibrium with 
model eclogite in the system Na2O-K2O-CaO-MgO-FeO-
Al2O3-SiO2-H2O-CO2-H2-HCl as function of the oxygen 
fugacity, temperature and pressure.  

Preliminary results of the oxygen fugacity at which 
diamond and carbonate melt can coexist are relatively 
consistent within eclogitic assemblages with different 
composition. Isotopic studies on natural eclogitic diamonds 
showed that their δ13C values extend to more negative values 
than diamonds from peridotites [3]. This could result from 
either a contribution from subducted biogenic carbon or 
mechanisms operating in the mantle able to fractionate carbon 
isotopes, possibly involving complex C-rich aqueous fluids. 
Results from our study allows a better understanding of these 
mechanisms. 

 
[1] Taylor & Anand (2004) Chemie der Erde-Geochemistry, 
64, 1-74. [2] Sverjensky et al (2014), GCA (in press). [3] 
Cartigny (2005), Elements, 1, 79-84. 
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Groundwater arsenic (As) contamination is widespread 

throughout South and Southeast Asia. Many of these highly 
contaminated aquifers lay in the floodplains of large river 
networks and are heavily exploited for irrigation, industrial, 
and drinking water supplies. Under natural conditions, these 
aquifers would discharge into nearby rivers; however large-
scale groundwater pumping lowers the watertable below river 
levels drawing river water into these aquifers.  

In fresh sediments adjacent to a heavily pumped aquifer 
along the Red River in Vietnam we find that recharging river 
water becomes high in As, with levels exceeding WHO limits 
by two orders of magnitude 1m below the riverbed. Riverbed 
porewater samples with pH/Eh values below ferrihydrite 
stability are uniformly high in As (>50ppb) whereas samples 
falling in the ferrihydrite stability zone are uniformly low in As 
(<50ppb). These results suggest that these sediments host 
highly reactive ferrihydrite which is susceptible to dissolution 
under mildly reducing conditions. A simple model of this 
process reveals that both ferrihydrite and As are exhausted 
from sediments within 30-40 years. 

Groundwater As concentrations along depositional reaches 
of the river, which have reactive Fe and As in recharge areas, 
are generally 10-50 times greater than WHO guidelines, 
whereas As concentrations along erosional reaches are almost 
uniformly below WHO guidelines. We suggest that aquifers in 
these regions may be susceptible to further As contamination 
as riverine recharge is drawn in by extensive groundwater 
pumping, with aquifers down gradient of depositional zones 
being most vulnerable.  
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To investigate surface water-groundwater interaction in 
Bangladesh we constructed an experimental pond. Man-made 
ponds are widespread throughout Bangladesh and recent 
research has linked recharge from these ponds to high levels of 
groundwater arsenic [1]. We have developed a novel method 
that couples stable isotope and water balances to estimate time-
series data for fluxes into and out of the pond and to estimate 
hydraulic parameters of the underlying aquifer.  

Our results show that nearly all of the aquifer recharge 
from ponds is flowing through crab burrows that short-circuit 
the low permeability surficial sediments. To maintain wetted 
gills required for breathing, terrestrial crabs excavate burrows 
that reach the deepest extent of the watertable in the dry season 
[2]. With surface clays covering the majority of the land area 
and the wide distribution of terrestrial crabs in Bangladesh, it 
is likely that enhanced recharge due to crab burrows is a 
common phenomenon.  

We calculate that the annual minimum watertable falls 
below the surficial clay in 13% of the land area, a feature that 
would require crabs to burrow completely through the clay. 
We suggest that the lowering of the watertable throughout 
much of Bangladesh, due to increased groundwater usage over 
the past several decades, may have broadly increased surface 
permeability as crabs have burrowed deeper to reach the 
watertable. 

We also use our findings to retrospectively explain 
previous research that found the existance of E. coli 
contamination in shallow aquifers, anomalously high rates of 
recharge in rice fields, and variability in recharge rates from 
different ponds 
 
[1] Neumann et al (2009) Nat. Geosci. 3. 46-52. [2] Rahman et 
al (2008) Int. J. Sustain. Crop Prod. 3. 10-17 
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Reverse microemulsions are thermodynamically stable 

water-in-oil suspensions (i.e., micelles stabilised by an 
interface surfactant). Such water-in-oil droplets are typically 1-
10 nm in diameters and each can carry dissolved salt ions and 
exchange their contents upon collisions. Thus, they are ideal 
for mimicking mineral precipitation in highly confined 
volumes at the polar/non-polar interface. Here we present 
results from a study where we used such microemulsions as 
analogue model systems for biomineralization (e.g., coccolith 
frustules produced within the organic cell vesicles of 
coccolithophores). We followed the reaction between two 
separate initally clear microemulsions, one containing solely 
Ca2+ and the other CO3

2- ions and quantified the gradual 
development of a white precipitate using ex situ and in situ 
high-resolution imaging, diffraction and scattering.  

The ex situ results revealed stabilised nano-sized (Ø ~10 
nm) particles of low-polydispersity forming larger aggregates 
(Ø~250 nm). However, the morphology of the particles as-
determined in situ (with the liquid phase present) was 
considerably different. Time-resolved and in situ small angle 
X-ray scattering demonstrated that the particles grew through a 
slow but progressive agglomeration of ion-carrying micelles to 
larger mass-fractal-like stable structures of high fractal 
dimension (Ø ~ 100 nm, Df >2.8). The in situ scattering in 
conjunction with liquid-cell TEM results suggested that upon 
destabilization of the mass-fractal-like structures, a 
transformation from initially stable micelle-sized structural 
units to larger particles took place.  

By combining these results with the fact that an individual 
micelle can accommodate in its water core only a limited 
number of reacting ions, we hypothesize that these micellar 
mass-fractal-like aggregates likely contain only liquid-like 
CaCO3 complexes stabilised by the confinement and interfaces 
and not CaCO3 solid particles per se. 
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Recent spectroscopic (and other) studies of 

multicomponent oxide glasses have yielded details that often 
have required the re-thinking of “conventional wisdom” on 
both glass and melt structure. These include the presence of 
non-bridging oxygens in aluminosilicates even of 
peraluminous compositions, significant fractions of aluminum 
with coordination numbers greater than 4 even in highly 
peralkaline systems and even at ambient pressure, and partial 
ordering of both network forming and network modifying 
cations, the latter contrary to common solution models based 
on ideal mixing. All of these factors can or should enter into 
models of melt properties, whether based on empirical fits or 
theoretical considerations. Modifier cation field strength (e.g. 
Mg>Ca>Na>K) is now known to have large effects on 
equilibria among network species, involving both oxygen and 
cation coordinations, as smaller and higher charged cations 
promote the concentration of negative charge on anions, such 
as on non-bridging oxygens and on bridging oxygens shared 
by tetrahedral cations with charges less than 4+ (e.g. Al3+ and 
B3+). When network cation coordination can readily change as 
a function of temperature, pressure, or composition, as in 
aluminoborosilicates of wide application in advanced glass 
technologies, interactions of such species can be quite complex 
and even surprising. We will discuss new results on such 
compositionally complex systems to explore implications for 
magmatic systems at high temperatures and pressures. 
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The subsurface science and engineering community is 
being driven to provide accurate assessments of risk and 
engineering performance for important issues associated with 
groundwater flow and reactive transport As a result, the 
complexity and detail of subsurface processes, properties, and 
conditions that can be simulated has significantly expanded. 
With ever-increasing levels of sophistication (and 
opportunities for error), how does one establish the validity of 
a simulator formulation prior to application? In the absence of 
closed form solutions for realistically complex applications, 
benchmark problems with an accepted set of results will be 
indispensable to qualifying codes for various environmental 
and earth science applications. In this work, we present results 
from two benchmarks developed to represent 1) 
multicomponent diffusion and electrochemical migration based 
on the Nernst-Planck equation, and 2) transport and reactive 
processes with a discrete treatment of the electrical double 
layer (EDL). 

The benchmark on multicomponent diffusion based on the 
Nernst-Planck equation considers three separate problems in 
which the unequal diffusion rate of charged species results in 
electrochemical migration, resulting in non-Fickian diffusion. 
The last of these sub-problems considers transverse dispersion 
in both 1D and 2D systems. Codes compared in the benchmark 
simulations include MIN3P, CrunchFlow, PHREEQC, and 
Flotran. A second benchmark takes a graded approach to 
problems of increasing complexity associated with transport 
and reaction in compacted bentonite, with the last sub-problem 
representing explicitly processes in a discrete electrical double 
layer in which anion exclusion occurs. The problem requires a 
calculation of double layer thickness as a function of ionic 
strength, with distinct transport properties assigned to ions in 
this second continuum. Codes used in the comparison include 
CrunchFlow, PHREEQC, and MIN3P. 

 
 



 Goldschmidt2014 Abstracts  

 

2373 

2373 

The GEWaSC Framework: 
Multiscale Modeling of Coupled 

Biogeochemical, Microbiological, and 
Hydrological Processes  

C.I. STEEFEL1*, E.L. BRODIE1, N. BOUSKILL1,  
S. MOLINS1, B. ARORA1, S.B. YABUSAKI2, U. KARAOZ1, 

N. SPYCHER1, R.M. MAXWELL3, D. TREBOTICH1,  
A. NAVARRE-SITCHLER3 AND J. BEISMAN3 

1Lawrence Berkeley National Laboratory, Berkeley, CA, 
CISteefel@lbl.gov (* presenting author) 

2Pacific Northwest National Laboratory 
3Colorado School of Mines 
 

In order to improve our ability to predict the effect of 
climate change on carbon and nutrient cycling, we are 
developing a genome-enabled multiscale reactive transport 
framework (GEWaSC) that couples microbial composition, 
competition, and activity to biogeochemical processes and the 
hydrologic cycle at the watershed scale. The model will 
capture flow of water and flux of carbon and nutrients from the 
surface through the vadose zone and saturated zone, while 
simulating the dynamics of microbial community evolution 
and consequent changes in carbon and nutrient fluxes and 
aquifer biogeochemistry as a result of climate perturbations or 
other changes in the surface and subsurface environment.  

This new simulation capability goes beyond conventional 
watershed models by ultimately integrating surface processes 
(e.g., those taking place in the soil and surface waters) with the 
subsurface flow and transport in a formal manner to provide a 
complete description of carbon, biogeochemical, and nutrient 
cycles within a catchment. A novel feature of the modeling 
approach is to couple microbial functional distributions 
inferred from trait-based models that are parameterized using 
site-specific ‘omic data with a comprehensive simulation of 
biogeochemical networks. An important requirement of the 
framework is that it is capable of upscaling hydrologic, 
biogeochemical, and microbiological data from smaller to 
larger scales (up to the watershed scale), and in some cases 
downscaling processes and parameters to more focused, 
smaller scale simulations.  

Initial model application is to biogeochemical and 
microbial dynamics within the Rifle Flood Plain system, a 
component of the greater Colorado River system. Scientific 
questions to be addressed include 1) What are the primary 
factors regulating redox status in aquifers and watersheds? 2) 
What are the effects of climate change influences, both gradual 
and abrupt relative to seasonal (baseline) variability, on carbon 
and nutrient cycling at the watershed scale?  
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In geochemical modeling of hydrothermal fluids, solute 
standard state properties are most commonly represented using 
the landmark Helgeson-Kirkham-Flowers equation of state 
(HKF-EOS) [1]. However, the HKF-EOS becomes unreliable 
at PT conditions of low solvent (H2O) density, and especially 
near the critical point of H2O. This limitation stems primarily 
from treating the solvent as an incompressible dielectric 
medium, without explicitly accounting for the volumetric 
consequences of hydration [2]. 

In an effort to improve predictions of the standard state 
properties of solutes in compressible (including near critical) 
fluids, we conduct molecular simulations of electrolyte and 
non-electrolyte solvation at high temperatures. The aim of the 
simulations is two-fold: to characterize the structural 
environment of dissolved species, as well as to calculate the 
solvation free energies using λ-dynamics [3]. Thus, the 
simulations allow us to assess the thermodynamic properties of 
solutes as functions of the PT conditions, while also yielding 
insights into how these properties relate to the local density 
perturbations associated with solvation [4]. 

The hydration free energies of solutes vary systematically 
with solvent density. These trends can be linked to the 
temperature- and density-driven variation in the solute 
hydration shell [5], as well as the volumetric perturbations 
resulting from the density difference between the hydration 
shell versus the "bulk" solvent [4]. These results help to 
establish a basis for new correlations for solute thermodynamic 
properties in compressible, low-density fluids. 

 
[1] Helgeson et al (1981) Am. J. Sci. 281, 1249-1516. [2] 
Driesner (2013) Rev. Mineral. 76, 5-33. [3] Kong & Brooks 
(1996) J. Chem. Phys. 105, 2414-2423. [4] Chialvo et al 
(1999) J. Chem. Phys. 110, 1075-1086. [5] Driesner & 
Cummings (1999) J. Chem. Phys. 111, 5141-5149. 
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Metagenomic, metatranscriptomic, and single cell genomic 
tools have done much to expand our ability to determine the 
range of metabolic capabilities of microbial communities, but 
these tools ultimately rely on our ability to infer enzyme 
function from DNA sequences. Hydrolytic enzymes are 
particularly important for organic matter degradation, but 
determining their function based solely on DNA sequence 
homology can be difficult. We present results of a biochemical 
characterization of the first peptidase ever expressed and 
characterized from an uncultured Archaeon to test the 
hypothesis that DNA homology of hydrolases to those of 
cultured organisms is a useful way to infer functions. We also 
demonstrate that the bulk biochemical properties of mixed 
pools of hydrolases present in environmental samples can be 
elucidated using inhibition experiments. We show that the 
amino acids which are removed from detrital organic matter 
more quickly are those which bind better to the active sites of a 
wider range of peptidases. These results demonstrate how the 
biochemical properties of environmental hydrolases influence 
global patterns of organic matter diagenesis. 
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Introduction 

Atmospheric aerosols undergo continuous transformation, 
changing their physical and chemical properties. Secondary 
organic aerosol particles (SOA) can form amorphous solids 
and semi-solids under atmospheric conditions [1]. Since such 
physical states are highly viscous, diffusivity decreases which 
in turn could slow down chemical reactions. First indications 
of such behaviour were e.g. shown for reaction of protein films 
[2] and SOA-coated benzo[a]pyrene [3] with O3. Here we 
investigated the influence of physical state on the ozonolysis of 
shikimic acid, a proxy for reactive oxygenated organics. Its 
viscosity was adjusted by varying humidity between 0% and 
92%. The system was probed with three complementary 
techniques: an electrodynamic balance (EDB), measuring the 
response of single particles to changes in humidity, coated wall 
flow tube measurements, where uptake of O3 is measured via 
loss from the gas phase and in situ X-ray microspectroscopy on 
single particles, where oxidation of the bulk interior can be 
directly observed.  
Dicussion of Results 

EDB measurements showed clear evidence of humidity 
dependent glass formation and correlation of water content and 
water diffusivity. Dependence of the ozonolysis on relative 
humidity was observed with both flow tube and 
microspectroscopy measurements. The flow tube experiments 
showed a long term, gradually changing ozone uptake over 
more than 15 hours, the magnitude of which varied over nearly 
two orders between lowest and highest humidity. 
Microspectroscopy showed that shikimic acid degradation is 
both humidity and size dependent which points to a reacto-
diffusion limited process. The measured dependence of the 
reaction kinetics on humidity supports the hypothesis that the 
uptake coefficient is highly dependent on the diffusion 
coefficients of ozone and/or shikimic acid in the organic film.  

 
[1] Virtanen et al (2010) Nature 467, 824-827. [2] Shiraiwa et 
al (2011) Proc. Natl. Acad. Sci. USA. 108, 11003-11008. [3] 
Zhou et al (2013) Faraday Discuss. 165, 391-406. 
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Re-Os dating of molybdenite has taken its place as a 
consistently reliable, broadly applicable geochronometer. 
While testing of this mineral was carried out by only a few 
groups [1, 2], in the last couple of years the number of labs set 
up for molybdenite dating has doubled. So, nearly 20 years on, 
what have we learned about the Re-Os isotope systematics in 
this mineral with the unpronouncable name?  

The molybdenite container is both simple and elegant [3]. 
Molybdenite is the only naturally occurring mineral with high 
affinity for parent Re coupled with a distaste for daughter Os 
on crystallization, thus creating a single-mineral 187Re-187Os 
radiometric clock. It is difficult to disturb this clock, even 
during metamorphism, because hosting silicate minerals and 
reducing fluids do not take in Re and Os. It is possible, 
however, for accumulated radiogenic 187Os in molybdenite to 
diffuse into other adjacent sulfides in some circumstances [4]. 

We summarize four important advances in molybdenite 
geochronometry. First, the integrity of molybdenite ages bears 
no relation to milligrams of sample analyzed. It is critically 
dependent on strategic sampling at the outcrop scale and 
during separation of molybdenite for dating. Second, some 
molybdenites, in fact, have significant common Os; use of a 
double Os spike [5] allows precise measurement of common 
Os, avoiding potentially inaccurate (older) ages. Third, the 
assumption that molybdenite and zircon ages should be in 
agreement (used to argue the newcomer has issues) is incorrect 
logic; while in some magmatic systems Re-Os and U-Pb ages 
are concordant, this assumption may encourage cherry-picking 
of “correct” molybdenite ages to match U-Pb ages. 
Molybdenite ages provide an independent record of fluid flow 
in the crust. Variability in Re-Os ages for molybdenite should 
signal us to examine our geologic interpretation in more detail, 
and to incorporate thinking on process. Fourth, when 187Re-
187Os decoupling is encountered (two samples from a single 
molybdenite grain with different to wildly varying ages), it is 
possible to reconstruct the original crystallization age for that 
molybdenite. We will explore advances in molybdenite dating 
with case studies.  
 
[1] Markey et al (2007) Chem Geol 244, 74-87. [2] 
Zimmerman et al (in press) GCA. [3] Stein et al (2001) Terra 
Nova 13, 479-486. [4] Stein et al (2003) GCA 67, 3673-3686. 
[5] Markey et al (2003) Chem Geol 200, 395-406. 
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Stable Si isotopes are potentially an ideal tool to 
investigate the release or precipitation of Si during abiotic or 
biotic weathering processes which cause significant shifts in 
the isotope signature depending on the weathering intensity. In 
this study, we determine the Si isotope signature of spring and 
stream waters and of the principle Si pools of typical soil 
profiles within two small catchments located on sandstone and 
paragneiss, respectively, in the cold, perhumid Black Forest 
(Germany).  

The Si isotope data were obtained on a Neptune MC-ICP-
MS in solution for the water samples and in situ by coupling a 
UV femtosecond laser ablation system for solid samples, 
respectively. Bulk soils show a largely homogeneous Si 
isotope signature, which is close to those of bulk bedrocks with 
δ30Si value around -0.3‰. Soil clay formation is associated 
with limited Si mobility, which preserves initial Si isotope 
signatures of parental minerals. Biogenic mineral, i.e. 
phytoliths, exhibit δ30Si values of about -0.4‰. Springs and 
streams, sampled in spring and late summer, vary between -0.7 
to 1.1‰ in δ30Si showing spatial and temporal variations 
dependent on the water pathways. Groundwater in the 
sandstone catchment reveals constant δ30Si values of 0.3 to 
0.5‰, which is attributed to kaolinite formation. In contrast, 
water passing the soil zone shows very variable signatures. 
Low δ30Si values down to -0.7‰ most likely reflects 
dissolution processes of clay minerals and phytoliths during 
spring. In late summer, positive δ30Si values expose the impact 
of preferential uptake of light Si isotopes by plants. In the 
paragneiss catchment, this effect is likely increased by co-
precipitation of isotopically light Si with Fe-oxides, which 
shifts surface water to δ30Si values up to 1.1‰. The results on 
these small catchments demonstrate that Si isotopes are a 
powerful tool to identify weathering processes and the sources 
of dissolved Si, which are valuable constraints to interpret the 
isotope signature of large river systems. 
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Lithium isotopes provide an excellent tool to investigate 

weathering processes because isotope fractionation is 
especially pronounced during abiotic processes depending on 
the degree of weathering. Isotope ratios for Li are mainly 
controlled by the rate of mineral dissolution and precipitation 
of secondary phases and fractionation thus yields insights into 
clay mineral formation.  

Here, we investigate the Li cycle in the Susquehanna Shale 
Hills Critical Zone Observatory (USA). It is a well-studied 
first-order catchment in a temperate climate [1] providing an 
ideal field laboratory to explore Li isotope fractionation as a 
proxy for shale weathering. It represents a weathering system 
limited by dissolution kinetics within a tectonically quiescent 
setting. Soil formation initiated on ridgetops after the last 
glacial maximum. Chemical weathering appears to take place 
at several reaction fronts at various depths: carbonate 
dissolution (20 m), plagioclase dissolution (5-6 m) and clay 
mineral dissolution/transformation at shallow depth. Despite a 
significant range in Li concentration (37 to 91 ppm), bedrock 
and soil samples from various depths show similar signatures 
with δ7Li values around -1.5‰ revealing that the initial isotope 
signature is retained in bulk soil samples. Li concentrations in 
water samples taken in autumn increase with depth ranging 
from < 1 ppb for the headwater of the stream to 6 ppb for deep 
groundwater. The headwater (representing water from the 
upper soil zone) and groundwater samples show increasing 
δ7Li values with depth from about 20 to 30‰ which correlates 
with increased time of water-solid interaction and precipitation 
of secondary phases. Water sampling throughout the year will 
reveal if processes vary with the season. This study will give 
important constraints on weathering mechanisms together with 
water pathways in shale. 

 
[1] Brantley et al (2013) ESPL 38, 1280-1298. 
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CO2 is obtained and water vapor simultaneously transpired 

through plant stomata, driving the water uptake of roots. 
Stomata are key elements of the Earth’s hydrological cycle, 
since a large part of the evapotranspiration from the surface to 
the atmosphere takes place via stomatal pores. Plants exercise 
stomatal control, by adjusting stomatal size and/or density in 
order to preserve water while maintaining carbon uptake for 
photosynthesis. A global decrease in stomatal density and/or 
size causes a decrease in transpiration and has the potential to 
increase global runoff. Here we show, from 91 fossil leaf 
cuticle specimens from the Triassic/Jurassic mass extinction 
boundary (ca. 201 Ma) of East Greenland, that both stomatal 
size and density decreased dramatically, coinciding with major 
environmental upheaval, steeply rising CO2 concentrations and 
negative C-isotope excursions. These developmental and 
structural changes in stomata are estimated to have resulted in 
a 50-60% drop in stomatal and canopy transpiration as 
calibrated using a stomatal model, based on empirical 
measurements and adjusted for fossil plants. Field evidence 
additionally indicates a change to increased erosion and bad-
land formation at the boundary. We hypothesize that plant 
physiological responses to high CO2 concentrations at the 
Triassic/Jurassic boundary increased runoff at the regional and 
perhaps even global scale, resulting in increased flux of 
nutrients from land to oceans, leading to eutrophication, anoxia 
and ultimately loss of marine biodiversity. High-CO2 driven 
changes in stomatal and canopy transpiration therefore provide 
a mechanistic link between coeval patterns of terrestrial 
ecological crisis and marine mass extinction at the Triassic-
Jurassic boundary. 
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Yellowstone caldera has generated three caldera-forming 
eruptions at ca. 2.1 Ma, ca. 1.3 Ma, and ca. 0.64 Ma [1], and is 
a prime example of a long-lived, intracontinental silicic 
magmatic system. Although the petrogenesis of Yellowstone 
rhyolites has been studied in detail, the residence time of 
eruptible magma bodies is poorly constrained due to the lack 
of sufficiently precise geochronologic data. We focus our 
geochronologic investigation on rhyolites from the most recent 
post-caldera eruptive episode at Yellowstone, which generated 
the ca. 170-70 ka Central Plateau Member (CPM) rhyolites, 
because their young age allows for high precision 238U-230Th 
dating of their constituent mineral phases. We present new 
constraints on the residence times of eruptible magma bodies 
by comparing (1) 238U-230Th crystallization ages and trace-
element compositions of the interiors and surfaces of 
individual zircons with (2) bulk 238U-230Th crystallization ages 
and in situ Ba concentrations and Pb isotope data for sanidines 
from three CPM rhyolites. 

Comparing zircon surface and interior ages from CPM 
rhyolites of varying eruption age demonstrates that zircon 
interiors are antecrysts inherited from previous episodes of 
Yellowstone magmatism, whereas the zircon surfaces 
crystallized at (or within a few kyr of) eruption. Conversely, 
linking sanidine 238U-230Th ages, Pb isotopic compositions, and 
Ba concentrations demonstrates that CPM sanidines 
crystallized shortly before eruption from their host melts and 
lack a significant antecrystic component. The paucity of 
antecrystic sanidine relative to antecrystic zircon suggests that 
CPM rhyolites were generated by extracting melt (and 
antecrystic zircon) from a long-lived crystal mush, while the 
larger sanidine crystals remained trapped in the locked crystal 
network. In this model, crystallization of the sanidine observed 
in each rhyolite must have occurred after extraction of melt 
from the crystal mush. Because sanidine would have been 
saturated in the extracted melt, crystallization of the observed 
sanidines likely began immediately after extraction, and 
therefore the timing of sanidine crystallization constrains the 
residence time of eruptible melts to conservatively < 9 ka. 
 
[1] Lanphere et al (2002), Geol Soc Am Bull, 114, 559-568.  
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Dissolved carbon in the form of natural organic matter can 

dramatically enhance or inhibit iron oxide nanoparticle 
aggregation depending on solution conditions. For example, at 
low concentration, goethite nanoparticle substantially 
aggregate, while at high concentration, goethite aggregation is 
inhibited. Here, we report results tracking reactivity with the 
degree of aggregation, using the rate of reductive degradation 
of 4-chloronitrobenzene as an assay of reactivity and dynamic 
light scattering and cryogenic transmission electron 
microscopy to quantify aggregation state. In general, reactivity 
drops once aggregation is strongly inhibited by the presence of 
the natural organic matter. Because the available surface area 
is greater when aggregation is inhibited, the reactivity 
decreases are likely due to blockage of reactive sites by natural 
organic matter. 
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Recent data in Apollo samples account for the presence of 

water in the lunar interior [1-5] and at the surface [6-7]. 
However, the source(s) of this water remain enigmatic: 
protosolar, solar, chondritic, cometary or indigenous ? How 
and when this water was added to the Moon has implications 
on its formation scenario.  

The hydrogen isotopic ratio (D/H) of water is commonly 
used to identify water sources. However, because of the lack of 
a protecting atmosphere, the external fluxes of particles and 
solids (meteorites, comets, grains) that reach the surface of the 
Moon, should represent an important contribution to its 
hydrogen budget and thus alter the pristine D/H ratio of this 
lunar water. 

In order to estimate the relative proportions of the solar 
wind and of the cosmogenic deuterium in the hydrogen budget, 
we have measured simultaneously the lithium and the 
hydrogen isotope ratios with the Cameca NanoSIMS 50. Using 
the 7Li/6Li as a record of the yield of spallation reactions [8], 
we have determined the fraction of cosmogenic D in the D/H 
ratios. Measurements were performed both at the very surface 
(few tens of nanometers) and in the interior (few micrometers) 
of glassy and plagioclase grains from 18 different sections of 
the Apollo drill cores: 60007/1, 70009/1 and 60010/9. 
Analyses demonstrate that all D comes from spallation 
reactions, whatever the grain location and the chemical 
composition. On the surface of the soil grains, the hydroxyl 
concentrations are nevertheless significant and their D/H ratios 
indicate that this source of “water” can be ascribed to solar 
wind implantation [9]. In 40% of the grains, a comensurable 
chondritic contribution (from 3 to 74%) cannot be excluded.  
 
[1]Saal et al (2008), Nature 454, 192-196. [2] Boyce et al 
(2010), Nature 466, 466-469. [3] Greenwood et al (2011), 
Nature Geoscience 4, 79-82. [4] Hui et al (2013), Nature 
Geoscience 6, 177-180. [5] McCubbin et al (2010), PNAS 107, 
11223-11228. [6] Liu et al (2012), Nature Geoscience 5, 779-
782. [7] Füri et al (2012), Icarus 218, 220-229. [8] Chaussidon 
& Robert (1999), Nature 402, 270-273. [9] McCord et al 
(2011), JGR 116, E00G05. 
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Soil arsenic (As) is a primary human health risk driver at 
many DoD, DOE, and USEPA sites. A comprehensive study 
between solid phase As speciation and soil binding 
mechanisms with in vivo and in vitro gastrointestinal (IVG) 
models used to estimate As relative bioavailability (RBA) are 
reported. Twenty-nine As-containing soils that represent a 
wide variety of As sources including; copper chromated 
arsenate, orchards, glass works, copper mining, smelter, 
pesticide, and gold mining were studied. RBA As was 
determined using the adult mouse or the juvenile swine model. 
Bioaccessible (IVBA) As in the study soils were determined 
using multiple in vitro gastrointestinal tests; the Solubility 
Bioaccessibility Research Consortium assay (SBRC) 
procedure, the Unified BARGE Method (UBM), the 
Physiologically Based Extraction Test (PBET), the OSU-IVG 
method, and a slightly modified OSU-IVG method. RBA As 
vs. IVBA As was fitted using a weighted linear regression and 
evaluated for goodness of fit, slope, y-intercept, prediction 
error, and compared against proposed acceptance criteria. Soil 
properties relevant to As solubility were determined; including 
total As, Fe, and Al, oxalate extractable As, Fe, and Al, pH, 
and organic carbon content. Solid phase speciation was 
determined using Extended X-Ray Absorption Fine Structure 
spectroscopy and linear combination fitting (LCF). Results of 
the LCF analyses suggest that the majority of soils are 
dominated by the As(V) sorbed to ferrihydrite like iron 
minerals. Approximately eight different As mineral phases 
were identified by LCF analyses. RBA As ranged from 4.0% 
to 80.0%. IVBA As ranged from <5% to >90%. IVBA As, 
determined by several in vitro methods, were strongly 
correlated (r2 >0.7) with RBA As. Results from this study will 
lead to adoption of methods to measure bioaccessible As that 
predict RBA As. 
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Hydrological land-ocean connectivity is an important 

driver of coastal ecosystems. Rivers are obvious and visible 
pathways for terrestrial runoff, and the critical role of surface 
water discharge from rivers to coastal ecosystems has been 
well documented. Hidden from view, ‘downstream’ effects of 
coastal (supra-tidal, intertidal and submarine) groundwater 
discharge are far less well understood. Whilst hydrological and 
geochemical processes associated with coastal groundwater 
discharge have received an increasing amount of scientific 
attention over the past decade or so, the effects of groundwater 
flow on productivity, composition, diversity and functioning of 
coastal ecosystems along the world’s shorelines have received 
little attention to date. 

Coastal groundwater discharge includes both terrestrial 
(fresh) groundwater fluxes and the recirculation of seawater 
through sediments, analogous to hyporheic flow in rivers. I 
will present an overview over relevant coastal hydrological 
processes, and will illustrate their ecological effects on 
examples from diverse tropical coastal ecosystems, e.g. (1) 
perennial fresh groundwater discharge from coastal sand dune 
systems permitting growth of freshwater-dependent vegetation 
in the intertidal zone of the Great Barrier Reef (Australia), (2) 
recirculation of seawater through mangrove forest floors 
directly affecting tree health and providing a pathway for 
carbon export from these ecosystems, (3) the local hydrology 
of groundwater-fed coastal inlets on Mexico’s Yucatan 
peninsula affecting the movement behaviour of and habitat use 
by the queen conch Strombus gigas, an economically 
important species in the Caribbean region. These examples for 
hydrological-ecological coupling in the coastal zone invite the 
question if we should not consider these coastal ecosystems to 
be groundwater-dependent, in analogy to groundwater-
dependency in freshwater aquatic systems. 
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The pO2 and pCO2 in regolith control pH and pe gradients 

with depth and therefore play an important role in weathering 
and evolution of the Critical Zone (CZ). Yet few studies have 
measured soil gas in the deeper portions of the CZ where the 
conversion of rock to soil begins. We explore the relationships 
between soil gas (O2/CO2) and bulk geochemistry along three 
weathering profiles developed on granite and diabase in 
eastern USA. Gas sampling campaigns show that the mean 
slope of O2 with respect to corresponding CO2 concentrations 
ranges from -0.86 to -1.07 for the three profiles. This 
relationship suggests root and microbial respiration primarily 
drive the consumption of O2 and production of CO2 within all 
profiles, which is supported by decreasing flux rates for both 
gases with depth. Time-series results at all sites show increases 
in CO2 and decreases in O2 during the late fall and winter 
below the clay-rich subsoil. These temporal changes in gas 
profiles appear related to perched water layers in the subsoil 
overlying the saprolite, which restricts CO2 diffusive loss 
towards the surface. The sustained increase in saprolite CO2 
may cause a decrease in solution pH and a higher chemical 
weathering potential during the winter. The integrated 
consumption of O2 to CO2 determined from the regolith 
geochemistry, defined as R, is almost equal to 0.02 for all three 
profiles despite differences in regolith lithology and thickness. 
The similarities between R and the soil gas slopes for the three 
profiles is not a coincidence and the deeper portions of the CZ 
weather in an environment where soil respiration, partly 
controlled by climate, sets the boundary conditions for O2 and 
CO2 concentrations and flux. These gases initiate porosity 
development through oxidation and dissolution of minerals. A 
positive feedback results from increased porosity and surface 
area allowing for more oxidation and mineral dissolution as 
regolith moves towards the surface. 



 Goldschmidt2014 Abstracts  

 

2387 

2387 

Paleoclimate Proxies Also Record 
Human Impact Signals 

GARY E. STINCHCOMB1, FORREST C. WILLIAMSON2, 
TIMOTHY C. MESSNER3, R. MICHAEL STEWART4,  

PETER M. ALLEN5, STEVEN G. DRIESE5  
AND LEE C. NORDT5 

1Department of Geosciences, Pennsylvania State University, 
University Park, PA 16802 ges130@psu.edu 

2Department of Statistical Science, Baylor University, Waco, 
TX 76798  

3Department of Anthropology, SUNY Potsdam, 44 Pierrepont 
Avenue, NY 13676  

4Department of Anthropology, SUNY Potsdam, 44 Pierrepont 
Avenue, NY 13676 

5Department of Geology, Baylor University, One Bear Place 
#97354, Waco TX 76798  

 
Human impacts on the environment affect the flux and 

isotopic signature of elements in the Earth’s Critical Zone. The 
impacts on chemistry can persist and become recorded in 
environments traditionally used as paleoclimate proxies. Here 
we present two examples of paleoclimate proxy archives that 
also register a human impact signal. Thin-section microscopy 
of a speleothem from Crystal Cave, USA shows evidence of 
sooty particulate material in plane-polarized light and ultra-
violet fluorescence (UVF) imaging shows brighter areas 
correspond to increased concentrations of sooty organic matter 
and inclusions filled with hydrocarbons, likely kerosene. This 
soot coincides with a zone of calcite sector zonation likely 
related to addition of impurities during calcite growth. Using 
historical documentation, we infer that the soot 
microlaminations reflect an era of cave illumination using 
kerosene in the late 19th – early 20th century. It is plausible that 
the positive carbon flux introduced into speleothems by 
humans masked the paleoclimate signature during the 
Industrial Era. The δ13Csom from alluvial soils along the 
Delaware River valley record above average %C4 for the past 
1,000 years that coincides with the first documented 
occurrence of maize in the northeastern USA and a substantial 
increase in human population during the Late Woodland. 
These associations suggest that humans influenced δ13Csom 
during the late Holocene through land-use change and farming. 
The two case studies show common types of paleoclimate 
proxies that record evidence of human impact in addition to 
past climate. The implications are that many of Earth’s 
paleoclimate records document a human impact signal that 
may be misinterpreted as climate change. 
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Inorganically precipitated calcite, rhombohedral CaCO3, 
forms easily in nature, as stalagmites and stalactites, as veins in 
rocks, as sediments in warm seas and in our tea kettle. In veins, 
it forms large, beautiful crystals but the rhomb is the most 
thermodynamically stable crystal form. Many organisms 
produce calcite, such as oysters and coral. Earthworms excrete 
tiny spherules, wood lice store it on their tummies and perhaps 
the simplest organism, single celled algae, create exquisite 
platelets called coccoliths from 20 to 60 individual calcite 
elements, that are less than a micrometer in the longest 
dimension. As a biomineral, calcite rarely takes rhombic form. 
Organisms produce complicated organic molecules that adhere 
to calcite surfaces, inhibiting growth at some sites, thus 
enhancing it at others. Depending on its ecological niche, an 
organism can tailor the calcite to its specific needs. 

We try to understand the controls on biomineralisation by 
studying the remains of organisms and by experimenting in 
ideal systems, where we can control one variable after the 
other. The calcite atomic structure orders water in contact and 
even simple compounds such as ethanol, the shortest organic 
chain that has both a methyl group and an OH group, binds 
strongly and orders itself. Adsorbed ions change surface 
tension and thus, the tendency for organic molecules to adhere. 
Polysaccharides, extracted from coccolith cultures or other 
organisms, have the power to control crystallization in the 
manner determined by the organism. Through a 
multidisciplinary approach, combining skills from physics, 
chemistry, mineralogy, biology, engineering, geology and 
mathematics, from experimental and theoretical directions, 
from the field scale to the nanometer scale and by studying 
nature and designing model systems, we are getting closer to 
understanding the secrets of simple organisms. 
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Recent studies have documented sizeable, permil-level U 

isotopic fractionation between 238U and 235U in Earth’s low-
temperature environments. By far the largest U isotopic shifts 
have been observed during U reduction. Therefore, the 238U-
235U system has emerged as a powerful tool for tracing redox 
processes in the environment, including bio-remediation 
following U exploration and mining, and quantifying the 
extent of anoxia in the ancient oceans. However, additional 
insights into the exact mechanisms controlling the 
biogeochemical cycling of U via the 238U-235U system are 
required in order to continue to advance knowledge in these 
fields. 

The Black Sea is the world’s largest euxinic (anoxic and 
sulphidic) oceanic basin, providing an ideal natural laboratory 
for investigating the geochemical behaviour of trace metals 
during redox reactions. Using multiple-collector inductively 
coupled plasma mass spectrometry (MC-ICPMS) combined 
with double spiking techniques, we report the U isotopic 
composition of the entire water column of the Black Sea, based 
on full depth profiles collected at a series of stations along a 
west-east transect in this oceanic region during the recent 2013 
Mediterranean and Black Sea GEOTRACES voyage (GA04). 
Sediments on the seafloor were collected in parallel. These U 
isotopic profiles take advantage of state-of-the-art trace metal 
clean techniques for sample collection and high-resolution 
sampling across the redox interface. These data are also 
interpreted in the context of the dissolved concentration 
gradients of a suite of other redox-sensitive and particle-
reactive trace elements across the redox transition zone [1] and 
complementary datasets from other redox-controlled 
hydrological settings. These new data will help elucidate the 
mechanisms driving the uptake and removal of U from the 
dissolved phase and its export to the solid phase across a 
gradation of changing redox settings from oxic to anoxic and 
ultimately euxinic. 

 
[1] J. Rolison, R. Middag, M.J.A. Rijkenberg, C.H. Stirling 
and H.J.W. de Baar. 2014 Goldschmidt Conference abstract. 
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Accessory minerals are excellent records of the temporal, 
petrologic, geochemical, and thermal evolution of rocks. 
Pushing the spatial resolution of geochronological and 
geochemical information from within single grains enables the 
more detailed and more finely resolved quantification of 
timing, rates, and petrologic/geochemical conditions of 
geological processes. In particular, combined geo- and 
thermochronometric dating techniques, such as U-Pb and (U-
Th)/He dating, have the power to tease more comprehensive 
timing and geochemical information out of single accessory 
phases such as zircon or rutile in metamorphic and igneous 
rocks and promote a more holistic understanding of detrital 
provenance in basin studies. This study develops new 
analytical procedures to take advantage of mutli-method geo-
and thermochronometry and trace element analyis on single 
crystals by employing laser-ablation split-stream (LASS)-ICP-
MS during progressive depth profiling of unpolished tape-
mounted accessory minerals. Time-resolved depth-profiling 
LASS-ICP-MS analysis of accessory phases has the ability to 
reveal different growth zones and their corresponding U-Pb 
age components and trace-element characteristics from a single 
depth-profile and thus yielding a more complete picture of 
crystallization and growth and the petrololgical and 
geochemical environment. Interferometric calibration of 
abalation rates and post-ablation SEM-CL imaging of grains 
perpedicular to ablation direction is used to verify spatial 
gradients and interpretations. Split-streaming of the laser 
ablated dry aerosol into two HR-ICP-MS instruments permits 
simultanous measurement of U-Pb age and corresponding trace 
element and REE concentrations during depth profiling. In 
addition, spatial variations in U and Th concentrations derived 
from depth profiles refine alpha-ejection corrections and 
precision of (U-Th)/He analyses used in U-Pb-He double 
dating. For both bedrock and detrital studies, detailed depth-
profile U-Pb-He and REE/trace ement analyses of accessory 
minerals open exciting and unprecented new avenues in the 
reconstruction of their crystallization history, petrological and 
geochemical environments, crystallization temperatures, and 
temporal and thermal evolution, and thus elucidating 
geological, tectonic, and petrological processes recorded by 
accessory minerals. 
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Paleoclimate calibration of the climate sensitivity to 
greenhouse forcing requires the proxy reconstruction of 
atmospheric CO2 during periods with higher than preindustrial 
levels. The sensitivity of photosynthetic algae to CO2 
limitation, reflected in the carbon isotopic fractionation in 
organic biomarkers produced by marine coccolithophorid 
algae, has been exploited as one proxy. We show that the 
carbon isotopic fractionation in the coccolith calcite is also 
sensitive to CO2 limitation. This occurs because at limiting 
CO2, coccolithophorid cells reallocate cellular HCO3- 
transport from calcification to photosynthesis, resulting in 
greater fraction of diffusive CO2 to carbon used for 
calcification and more depleted isotopic composition of 
coccoliths especially in larger cells.  

The carbon isotopic signature of coccoliths isolated from 
Cenozoic sediments indicates that a threshold of carbon 
limitation was passed in the Late Miocene. The carbon isotopic 
signatures of large and small coccoliths diverge, as happens in 
culture experiments when CO2 aq concentrations fall below 19 
uM. The threshold is passed first starting at 7 Ma in warm 
(28C) tropical location and subsequently starting at 5 Ma in the 
cooler (18C) higher latitude location. We propose that 
decreasing atmospheric pCO2 caused first tropical waters to 
fall below a critical CO2 aq threshold, but due to the higher 
solubility of CO2 in cold waters, this same CO2 aq threshold 
was not passed in the high latitude site until pCO2 decreased by 
a further 150 ppmv. This inferred period of decreasing CO2 has 
not been well resolved by previous proxy reconstructions but is 
consistent with inverse modeling of climate data [1] Since the 
late Miocene, further decrease in pCO2 is accomodated by 
reduced calcification, attenuating its manifestation in the 
isotopic composition of coccoliths. We compare this pattern of 
coccolithophorid response to CO2 limitation since the late 
Miocene with that of diatoms, whose wide range of diffusive 
area to volume confer a different sensitivity of isotopic 
fractionation in organic matter to CO2.  
 
[1] van de Wal, de Boer, Lourens, Kohler, & Bintanja (2011), 
Clim. Past 7, 1459-1469.  
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Fully exploiting the climatic information from speleothem 

trace element and isotopic records requires a quantitative 
approach for resolving the multiple parameters influencing 
geochemical signals. For example, monitoring data and simple 
models show that the degree of prior calcite precipitation 
(PCP) – a prime contributor to variation in speleothem Mg/Ca, 
Sr/Ca, and Ba/Ca – is driven by both the drip interval as well 
as the degree of oversaturation of the drip with respect to 
CaCO3 at cave pCO2. In laboratory and monitoring 
experiments, the oversaturation state of dripwater has also 
been shown to affect oxygen isotopic fractionation in calcite.  

To resolve these effects in natural cave settings, we present 
new data from hydrochemical monitoring and from 
comparisons of sets of coeval stalagmites from MIS 5 to MIS 1 
from cave systems in a small geographic region which is 
expected to have uniform climatic forcing. In addition, the I-
STAL model [1], is used to confirm the stalagmites with 
strongest and weakest sensitivity to drip rate variation in PCP. 
The I-STAL model is also used to compare the growth rate 
variations predicted from inferred saturation states using 
standard kinetics of speleothem growth [2] with 
geochronologically constrained growth rates. This approach 
elucidates the situations where partitioning of Sr is sensitive to 
growth rate.  

 
[1] Stoll, Muller, Prieto (2012), Geochemistry, Geophysics, 
Geosystems 13, doi: 10.1029/2012GC004183. [2] Romanov, 
Kaufmann, Dreybrodt (2008), GCA 72, 423-437.  
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Methane (CH4) is a key component of the carbon cycle 
forming from microbes at low temperatures (<80°C) and 
thermal maturation of organic carbon at elevated temperatures 
(>80°C). Distinguishing between the sources of CH4 in nature 
can be difficult due to the migration and mixing of gases and 
overlapping chemical and isotopic signatures of various 
formational processes [1]. In contrast, formation temperatures 
clearly differentiate biogenic from thermogenic CH4 and also 
CH4 formed during different stages of hydrocarbon cracking. 
To this end, we developed a way to measure the abundances of 
CH4 clumped isotopologues, which, for isotopically 
equilibrated systems, can be used as a geothermometer [2]. We 
present here ‘clumped temperatures’ from experiments and 
natural thermogenic and biogenic gases. 

Measurements of clumped temperatures for shale gases 
(170-210°C) with contrasting thermal histories agree with 
independently modeled formation temperatures. CH4 from 
pyrolysis experiments at 360 and 600°C yield clumped 
temperatures within error of experimental temperatures. We 
interpret these results to indicate that clumped temperatures 
reflect thermogenic CH4 formation temperatures. Additionally, 
analyses of gases from a migrated hydrocarbon system where 
formation temperatures are not known yield clumped 
temperatures (155-220°C) that help discriminate among 
various interpretative frameworks. 

Finally, measurements of biogenic CH4 from natural 
systems yield clumped temperatures consistent with their low 
temperature environmental settings. In contrast, pure-culture 
experiments can exhibit kinetic isotope effects for clumped 
temperatures. Combined, these results suggest that methane 
clumped isotopes can be used for geothermometry in a broad 
variety of natural settings.  
 
[1] Whiticar (1999), Chemical Geology. [2] Stolper et al 
(2014), GCA. 
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Organisms exude a wide range of molecules that solubilize 

and alter the oxidation state and speciation of metallic 
elements in soils and sediments. Attention is often focused on 
one chemical reaction or attribute, such as the ability to adsorb 
to surfaces, to chelate metal ions in solution, or serve as 
oxidant or reductant. Other reactions or attributes might 
nevertheless be important. All must be considered in any 
assessment of a molecule's overall biogeochemical impact. The 
plant root exudate malonate, for example, exists predominantly 
as the keto tautomer, important in metal ion chelation, but the 
less abundant enol tautomer is responsible for its reductant 
reactivity. Phytosiderophores such as mugineic acid and avenic 
acid and the bacterial siderophore rhizobactin likely undergo a 
ring closure reaction termed lactamization, which impedes 
metal ion binding. Rates and equilibrium extents of 
lactamization as a function of ambient chemical conditions, 
e.g. pH and major ion composition, are poorly understood. 
During oxidations, many organic substrates yield reaction 
intermediates that are subject to hydrolysis, hydration, and 
decarboxylation. Two-equivalent reduction of manganese 
dioxide by the allelochemical gentisate, for example, yields 
carboxy-p-benzoquinone, which rapidly hydrates and 
tautomerizes, generating 2,3,5-trihydroxybenzoate. 2,3,5-
Trihydroxybenzoate is itself subject to two-equivalent 
oxidation. Hydration thus converts a two-equivalent reductant 
into a four-equivalent reductant. Physical Organic Chemistry 
provides a basis for linking the identity, number, and 
arrangement of functional groups within a molecular structure 
with its reactivity. This line of inquiry is particularly important 
in investigations of reactions and catalysis at mineral/water 
interfaces, the most distinctive feature of soil and sediment 
microenvironments. 
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The semi-arid High Plains aquifer (HPA) is critical for 
agriculture production in the United States. After years of 
extensive groundwater mining in western Kansas, water-level 
declines exceed 30 m in some areas, with depth to water 
between 60 and 90 m. There is a poor spatial understanding of 
recharge rates, and it is increasingly evident that local 
differences in aquifer architecture play an important role in 
recharge. Efforts are currently underway to improve 
understanding of these critical issues at two sites through a 
combination of pore water analysis from coring, increased 
water-level monitoring frequency and groundwater age 
sampling.  

The first site, located in south-western Kansas, USA, 
consists of unconfined and confined aquifer intervals separated 
by a thick (>34 m) aquitard. Hydrograph analysis indicates 
most of the pumped water from the lower interval appears to 
be originating as downward vertical leakage induced by the 
large drawdown (>35m) resulting from interference between 
irrigation wells in the lower interval. Stable isotope data (δ2H, 
δ18O), collected from core samples, a monitoring well, and 
nearby irrigation wells, indicate distinct water masses in the 
upper and lower aquifers.  

A second site, located in northwestern Kansas, has a HPA 
sequence that consists of a single, relatively thick, unconfined 
aquifer. Previously unrecognized vertical inflow can be 
discerned in higher-frequency water level measurements 
despite indications of a laterally closed system. Groundwater 
has been sampled for chemistry, and environmental tracers 
(δ2H, δ18O, 3H, and 14C). Tritium detected in one of five wells 
sampled in the area, combined with younger 14C age (~ 4,200 
BP), indicate that modern recharge is mixing with older water. 
Coring beneath an irrigated field, through the 60 m unsaturated 
zone, was completed, providing detailed Cl-, NO3

-, water 
content, and sediment size profiles. This information will be 
used to calculate diffuse recharge rates and investigate the 
potential for recharge from (1) irrigation return water or (2) 
perched aquifers. 
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During the past 1 million years glacial cycles were 

accompanied by a gradual drop in atmospheric pCO2 of 
~80ppm and more rapid rise in pCO2 upon deglaciation. 
Attempts to explain this CO2 behavior via ocean-only 
mechanisms have been unsuccessful or inconclusive. Stott and 
Timmermann [1] set forth a new hypothesis that proposes 
marine hydrothermal CO2 fluxes decreased during glaciations 
as the ocean cooled and CO2 hydrate expanded, trapping CO2-
rich fluids in sediments that blanket active vents. As the ocean 
warmed during deglaciation hydrate was lost and the CO2 
fluxes increased. We present observational and modeling 
results to further test the Stott and Timmermann hypothesis.  

At intermediate water depths in the equatorial eastern 
Pacific (EEP) and Arabian Sea the deglacial Δ14C record 
derived from benthic foraminiferal carbonate documents a 
negative excursion too large to be explained by ventilation of a 
formally isolated water mass and thus requires an input of 14C-
dead geologic carbon. Simulations with an Earth system model 
of intermediate complexity (cGENIE) estimate the amount of 
14C-dead carbon that must be added to the ocean to cause such 
Δ14C values is ~ 1400Gt. In the EEP deglacial sediments that 
contain anomalous Δ14C values have elevated Pb/Ca, Zn/Ca 
and Cu/Ca, element associations indicative of a hydrothermal 
source. The Δ14C and trace element anomalies are also 
associated with a negative δ13C excursion in pelagic carbonates 
as well as carbonate dissolution and decreased calcification of 
foraminifers that indicate [CO3

=] also decreased. Taken 
together these observations are best explained by a release of 
CO2-rich hydrothermal fluids to intermediate waters as 
proposed by Stott and Timmerman[1]. The Earth System 
model also simulates how atmospheric pCO2 changes from 
such a release. In our simulations a release of 1400Gt of 
carbon to intermediate waters causes a ~ 60ppm rise in 
atmospheric pCO2 that closely approximates the ice core 
record from the last deglaciation. If validated this hypothesis 
means that hydrothermal carbon fluxes play a much larger role 
in regulating atmospheric pCO2 on sub-million year time 
scales than previously thought. 

 
[1] Stott & Timmermann (2011) Geophysical Monograph 
Series: Understanding the Causes, Mechanisms and Extent of 
the Abrupt Climate Change., American Geophysical Union. 
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The isotopic composition of the Earth’s mantle has mostly 

been inferred from analyses of mid-ocean ridge basalts 
(MORB), which are thought to provide an adequate time-
integrated record of mantle depletion. Far fewer isotope 
analyses of actual oceanic mantle rocks (i.e. abyssal 
peridotites) exist, owing to their scarcity and often altered 
state. 

Recent Hf-Os isotope analysis of abyssal peridotites 
identified previously elusive, ultra-depleted oceanic mantle 
domains [1, 2]. These show that the range of mantle depletion 
inferred from Nd isotope ratios in abyssal peridotites and 
especially MORB does not capture the full extent of mantle 
depletion. Abyssal peridotite Hf-Os isotope ratios preserve a 
multistage, Gyr-long history of depletion and enrichment 
during processing at mid ocean ridges. The end-product is a 
highly heterogeneous, variably depleted peridotitic mantle that 
ranges from ultra-depleted to MORB-like compositions on km 
to sub-km scale.  

The limited number of Hf-Os-(Nd) isotope analysis in 
abyssal peridotites alone does not justify estimating the 
abundance of ultra-depleted components in the Earth’s mantle. 
However, Hf-Nd isotope ratios in MORB from different 
oceanic basins [3, 4] have also identified the presence of ultra-
depleted components in their upper mantle sources. Hence 
ultra-depleted mantle domains may be more ubiquitous than 
the limited available data on oceanic peridotites may suggest, 
and may require revising estimates of the average composition 
of the depleted mantle (DM) to more depleted isotope 
compositions. 

An average DM composition that is more depleted than 
traditionally invoked from MORB (εNdDM ~11), has wide-
ranging implications for global mass balance models of Earth’s 
differentiation [5, 6]. A depleted mantle with εNdDM ~16, for 
example, would decrease the mass fraction of the DM from 
about 50 to 20% of the total mantle [5]. Moreover, in recent 
models based on 142Nd isotope systematics [7, 8], a DM that is, 
on average, more depleted than MORB would permit 
prolonged timescales for early Earth differentiation (longer 
than 30 m.y. for average ε143NdDM > 10–11). 

 
[1] Liu et al 2008. Nature 452, 311-316 [2] Stracke et al 2011. 
Earth Planet. Sci Lett. 308, 359-368 [3] Salters et al 2011. G3 
12, Q10017, doi:10010.11029/12011GC003874 [4] Hamelin et 
al 2013. Chem. Geol. et al 128-139 [5] O’Nions et al 1979. J. 
Geophys. Res. 84, 6091-6101. [6] DePaolo, D.J., 1980. 
Geochim. Cosmochim. Acta 44, 1185-1196. [7] Bourdon et al 
2008. Philos. Trans. R. Soc. 366, 4105–4128. [8] Boyet & 
Carlson, 2006. Earth Planet. Sci. Lett. 262, 505–516. 
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In recent years, the recycling of the upper plate crust in 
subduction zones, or 'subduction erosion', has been recognized 
as important mechanism of crustal destruction at convergent 
margins [e.g. von Huene et al. 2004]. Obtaining evidence of 
the recycling of eroded crust from arc magmas, however, is 
challenging owing to the compositional similarities between 
eroded crust, subducted trench sediment and arc crustal 
basement that all can contribute to arc magma formation. We 
addressed this problem by a Hf-O-Pb isotope study of a 
previously well-characterized series of olivine-phyric high-
Mg# basalts to andesites in the central Mexican Volcanic Belt 
(MVB). These magmas are hybrids of primary basaltic to 
dacitic mantle melts from olivine-free, secondary pyroxenite 
lithologies which escaped crustal contamination during ascent 
[Straub et al. 2011, ESPL]. The olivine phenocrysts combine 
high-Ni (up to 0.67 wt% Ni) with high 3He/4He = 7-8 Ra and 
high δ18O = +5.3-6.6‰ (of δ18O = +6.3-8.5‰ of host melt) 
which attests to the presence of a crustal component in the 
mantle melts that must derive from slab. However, Hf-Nd 
isotope and trace element systematics rule out the pelagic 
trench sediment as crustal component and imply a major 
contribution from eroded crust that became entrained in the 
subduction channel either via the trench following landward 
surface erosion, or by abrasion of the underside of the upper 
plate. The model agrees with new high-precision Pb isotope 
ratios of central MVB magmas that identify the arc Pb to be 
dominated by the radiogenic Pb from the eroded and recycled 
Mexican continental basement with only a lesser contribution 
of unradiogenic Pb from MORB-type crust produced at the 
Pacific East Pacific Rise. Overall, the mass of the eroded 
continental crust dwarfs the mass of the recycled pelagic 
sediment, emphasizing the importance of subduction erosion in 
the recycling of continental crust. 
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Different models of crustal growth result in divergent 

predictions for the geochemical evolution of volcanic arcs. 
Here we test such models with major and trace element 
abundances and Sr-Nd-Pb-Hf isotope ratios for fallout tephra 
recording the last 34 million years of Mariana Arc evolution 
with high temporal resolution (0.8±1.1 myr) and precision. The 
Mariana Arc is well-known for secular changes in K2O 
pointing to increasing melt differentiation in the gradually 
thickening arc crust. However, our data link K2O increase to 
collision with the Cretaceous Western Pacific Seamount 
Province (WPSP) in the late Miocene. Nd-Hf isotope and trace 
element systematics demonstrate MORB-type crust covered by 
pelagic clay and biogenic sediment was subducting prior to 
11 Ma. The sediment had high Nd/Hf =	 33-36 producing arc 
magmas with high 176Hf/177Hf =0.2832-33 at a broad range of 
143Nd/144Nd =0.5127-31, defining an end-member in the global 
spectrum of arc compositions. After 11 Ma, the Nd-Hf isotope 
ratios of the arc magmas shifted along the mantle array as a 
result of subduction of enriched crust and volcaniclastics of the 
WPSP with low Nd/Hf =4-6. The change in the composition of 
the subducting slab is confirmed by a simultaneous shift 
towards the higher 206Pb/204Pb and 206Pb/204Pb of the WPSP 
relative to MORB. 

Temporal variations in isotope and source-sensitive trace 
element ratios denote four periods of arc formation (52-34, 34-
24 , 22-11, and 10-0 Ma) each of which is characterized by a 
distinctive melee of source materials. Abrupt changes between 
these periods, the lack of time-dependent variations of the 
crust-forming major elements oxides, and the bimodality of 
mafic and silicic melt through time contrast with models of 
time-progressive andesite crust formation by ingestion of older 
crustal basement. Rather, our data suggest steady crustal 
growth by addition of mafic and silicic melts that form 
simultaneously within time intervals commensurate to 
elemental recycling from trench to arc. 



 Goldschmidt2014 Abstracts  

 

2400 

2400 

The Timing of Volcano-Ice 
Interactions in Iceland  

KATHRYN M. STREET*1, RAY BURGESS1,  
SIMON H. BROCKLEHURST1 AND DAVE MCGARVIE2 

1SEAES, The University of Manchester, M13 9PL, UK. 
(*kathryn.street@postgrad.manchester.ac.uk) 

2Dept. of Environment, Earth & Ecosystems, Open University, 
Edinburgh, EH3 7QJ, UK. 

 
There has been an increase in interest in the formation of 

Icelandic subglacial volcanoes (tuyas) as a physical record of 
the thicknesses of the ice sheets into which they erupted. This 
is because a tuya’s summit elevation is controlled by the 
minimum thickness of the ice sheet at that location and time 
[1]. However, using the tuyas as land based markers of the ice 
sheets that once covered Iceland is hindered by the lack of 
reliable eruption ages. 

Our aim is to solve this problem by using the relatively 
new dating system of U-Th/He. This technique is being applied 
to obtain ages from olivine found in the basal pillow lavas of 
the basalt tuyas, in exposures shielded from cosmic rays. 
Determining a reliable age for the subglacial volcanoes will 
make it possible to assess whether the timing of volcanism is 
consistent with previous studies [2] specifying that enhanced 
volcanic activity is related to the unloading of the ice sheet 
during deglaciation [3]. 

Late Quaternary basalts have been sampled from over 
eighty sites in Iceland; the majority from a transect along the 
Western and Northern Volcanic Zones. Sampling was directed 
at obtaining olivine samples from tuyas of different altitude, 
degrees of erosion and morphological complexity.  

The eruption ages obtained by U-Th/He will be compared 
with 3He exposure age of subaerial capping lavas to enable a 
reconstruction of the past ice sheet elevation and fluctuations 
in thickness during glacial-deglacial cycles. This allows an 
investigation into what extent exposure ages faithfully reflect 
episodes of ice sheet thinning and how these relate to climate 
records in the Northern Hemisphere.  

This information carries high value as it enables links 
between global temperature, ice thickness and palaeoclimate to 
be explored with greater certainty and clarity. 
 
[1] Smellie and Skilling (1994) Sed. Geo. 91 115-129 [2] 
Maclennan et al (2002) Geochem. Geophys. Geosyst. 3.11 1-25 
[3] Sigmundsson et al (2010) Phil. Trans. R. Soc. 368 2519-
2534 
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Since the detection of hydrothermal vents in the late 

1970’s, active sites on the sea floor have been in the focus of 
studies worldwide. Not surprisingly, given the fact that these 
sites harbor ecosystems which are thought to be mostly 
uncoupled from organic carbon (C) synthesized with the 
energy of sunlight but fed instead by the oxidation energy of 
reduced inorganic molecules: chemosynthesis.  

Our study aims to disentangle the food chain at two 
hydrothermal vent sites in the Mid-Cayman Rise region which 
differ in depth and vent chemistry. We pay special interest to 
the source of organic C: chemosynthesis (local) or 
photosynthesis (external). We focus on the abundant shrimp 
species Rimicaris hybisae, which is thought to be a primary 
consumer taking organic C mainly from episymbiotic 
chemoautotrophic bacteria living on its specially adapted gill 
covers. These shrimps live mainly in dense clusters around 
vent chimneys but are also found sparsely distributed nearby, 
where their diet might include other crustaceans. Densely and 
sparsely distributed shrimps were sampled and dissected into 
abdominal tissue and paired exoskeletal membrane from the 
gill cover, containing associated bacteria. Shrimps from both 
sites showed much smaller proportions of external 
photosynthetic lipids than what has been reported for R. 
exoculata at the Mid-Atlantic ridge. Sparsely distributed 
shrimps contained slightly higher proportions of long-chain 
photosynthetic lipids compared to densely distributed shrimps. 
Shrimps from different vent sites rely on very distinct sources 
of local chemosynthetic C, since their lipid C isotope 
compositions (δ13C) differed significantly for non-
photosynthetic lipids, while all but one photosynthetic lipid 
were very homogenous but depleted in δ13C. Our data suggests 
that this exception: C18:3n3 might actually be synthesized 
locally.  

This work was performed at the Jet Propulsion Laboratory, 
California Institute of Technology, under contract with 
National Aeronautics and Space Administration (NASA). 
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Mekong Delta sediment bears arsenic (As) that can 
partition to groundwater under anaerobic conditions. Arsenic 
persists in the groundwater despite repeated aquifer flushing 
occurring over the past several thousand years. The oxidation 
state, speciation, and distribution of As and the associated iron 
(Fe) bearing phases are crucial determinants of As reactivity in 
sediments. Peat from buried mangrove swamps in particular 
may be an important host of As in the Mekong Delta. The total 
concentration, speciation, and reactivity of As and Fe were 
examined in sediments to a depth of 6 m in a Mekong Delta 
wetland by X-ray fluorescence spectrometry, X-ray absorption 
spectroscopy, and selective chemical extractions, respectively. 
Total As concentrations increased 10-fold in a peat layer at a 
depth of 6 m from the land surface relative to the overlying 
sediment. Bulk As EXAFS spectroscopy revealed that As in 
the peat is predominantly associated with arsenian pyrite. 
Arsenic speciation in the peat was examined further on a 
micro-scale using μXRF and μXANES spectroscopy coupled 
with PCA. The multiple energy μXRF mapping and μXANES 
routine was repeated for both Fe and sulphur (S) phase 
analyses. Our μXRF/μXANES analyses confirm As 
association with pyrite – a less reactive host phase than Fe 
oxides under anaerobic conditions. Arsenian pyrite represents a 
unique host of As that is stable under the reducing aquifer 
conditions of the Mekong Delta, and indeed throughout S/SE 
Asia.  
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Understanding the dynamics of regional groundwater flow 

systems requires a multidisciplinary approach including 
hydrology, geochemistry, environmental tracers, flow and 
transport modelling etc. Residence times of regional 
groundwater flow systems range from thousands to millions of 
years and aquifer dynamics therefore are influenced by 
changes in climate, vegetation, landforms, and human 
activities. There is great interest in these regional aquifers 
because they often are an essential resource for domestic and 
agricultural water use. Environmental isotopes (e.g. 
radiocarbon) give us a long-term average recharge rate of the 
aquifer, while hydrogeological approaches are more 
representative of the aquifer conditions at the time of 
measurement, and a numerical model will allow projections 
into the future. A comprehensive evaluation of the aquifer 
would have to combine all these approaches and  

These concepts will be illustrated using case studies from 
Bangladesh, the United States, and Australia. 

 
 



 Goldschmidt2014 Abstracts  

 

2404 

2404 

Uranium Isotope Fractionation as a 
Signature for Biotic Reduction 

Processes 
MALGORZATA STYLO1, NADJA NEUBERT2, 

YUHENG WANG1, STEFAN WEYER2 
AND RIZLAN BERNIER-LATMANI1 

1Environmental Microbiology Laboratory, École 
Polytechnique Fédérale de Lausanne, CH-1015, Lausanne, 
Switzerland  

2Institute für Mineralogie Leibniz Universität 
Hannover,Germany 

 
Reductive immobilization of the radionuclide uranium in 

the environment is responsible for the formation of some 
U(IV) ore deposits [1-2] and is widely proposed as a 
remediation technique for the U-contaminated subsurface [3]. 
U is also proposed as a paleoredox proxy shedding light on the 
oxygenation of atmosphere and oceans [4]. However, the 
mechanism of the U reductive transformation in the 
environment –whether biotic or abiotic– remains elusive. We 
address this question by the investigation of the U isotopic 
signature of during biotic and abiotic reduction.  

We found that enzymatic U reduction results in a clear 
isotopic signature of 238U enrichment in the U(IV) products. In 
contrast, abiotic U reduction displays negligible U isotope 
fractionation. Based on these findings, we propose that 
238U/235U ratios can be used as a reliable method capable of 
discriminating between biotic and abiotic U reduction 
pathways. The generally heavy 238U/235U isotope signatures 
observed in sequestered U(IV) in field bioremediation studies, 
as well as in low-temperature redox-sensitive U deposits and in 
organic-rich sediments of anoxic ocean basins (e.g. Black Sea) 
implies that microbially driven U reduction is widely 
responsible for U reduction in natural and engineered settings. 
Therefore, we propose 238U/235U ratios as a novel proxy for 
enzymatically-driven reduction in paleo environments that may 
be used complementary to traditional paleoredox tracers.  

 
[1] Goldhaber, M.B., Hemingway, B.S., Mohagheghi, A., 
Reynolds, R.L., Northrop, H.R. Origin of coffinite in 
sedimentary rocks by a sequential adsorption-reduction 
mechanism, United States Geological Survey 1987. [2] 
Hostetler, P.B., Garrels, R.M., Economic Geology 1962, 57, 
137-167. [3] Anderson, R.T., Vrionis, H.A.; Ortiz-Bernad, I., 
Resch, C.T., Long, P.E., Dayvault, R., Karp, K., Marutzky, S., 
Metzler, D.R., Peacock A., Appl. Environ. Microbiol. 2003, 
69, 5884-5891. [4] Romaniello, S.J.; Herrmann, A.D. Anbar, 
A.D. Chemical Geology 2013, 362, 305-316. 
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Fate and transport of nanosized titanium dioxide (nTiO2) 

are not well understood [1,2]. We evaluated: 1) the effect of 
material properties on the sedimentation and aggregation 
kinetics of nTiO2[3]; 2) impurity dissolution kinetics and 
surface transformation of nTiO2[4,5]; and 3) key factors 
controlling the stability and mobility of nTiO2 in the natural 
aquatic environment [1, 6]. We used five types of 
commercially available nTiO2 (5, 10, and 50 nm anatase and 
10 × 40 and 30 × 40 nm rutile). Tests were run in dilute salt 
solutions at varying pHs with or without humic substances. 

Results show that crystallinity and morphology are not 
influential factors in determining the stability of nTiO2 
suspensions; however, the differences in their chemical 
compositions, notably, the varying concentrations of impurities 
(i.e., silicon and phosphorus) in the pristine materials, 
determined the surface charge and therefore the sedimentation 
and aggregation of nTiO2 [3]. 

In the impurity release study, both acidic and basic 
conditions accelerated the release of Si, while the basic 
conditions enhanced the P release greatly [4]. The amount of 
dissolved P from the 50 nm anatase reached 5000 to 7100 
mg/Kg at neutral to alkaline pH, which indicated a potential 
pollutant source of P [5]. The impurity dissolution did not 
change the stability of nTiO2 greatly at ionic strength of 20 – 
50 mM at neutral pH. 

Results from saturated sand column tests suggest that 
natural organic matter and solution pH are likely key factors 
that govern the stability and mobility of nTiO2 in the natural 
aquatic environment [6]. 

 
[1] Chen, G. et al (2011) Langmuir 27, 5393-5402. [2] Liu, X. 
et al (2013) Environ. Sci.: Processes & Impacts. 15, 169-189. 
[3] Liu, X. et al (2011) J. Colloid Interface Sci. 363, 84-91. [4] 
Liu, X. et al (2013) Environ. Pollu. 184, 570-578. [5] Liu, X. 
et al (2013) Water Res. 47, 6149-6156. [6] Chen, G. (2012) 
Environ. Sci. Technol. 46, 7142-7150. 
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The Wengeqi PGE (Platinum Group Element) deposits are 

located in Guyang County, Inner Mongolia, China. Three 
PGMs (Platinum Group Minerals) were identified in the 
deposits: sperrylite (PtAs2), sudburyite (PdSb), and kotuskite 
(PdTe). The wengeqi complex comprises amphibolites, 
pyroxenites, biotite pyroxenites, amphibole pyroxenites, and 
gabbros. Zircon SHRIMP dating of pyroxenite suggests the 
age of the complex is about 399 Ma. Liquid Mineral 
Assemblages (LMAs) were found in the complex. The LMAs 
are a new type of mineral assemblages different from that in 
metamorphic rocks and igneous rocks. A typical LMA in the 
complex is ferropargasite + epidote + albite + calcite + apatite. 
The boundaries between all these minerals are straight, which 
suggests that all these minerals were in textural equilibrium.  

Trace element analysis of ferropargasite shows higher total 
LREE (light rare earth elements) and lower total HREE (heavy 
rare earth elements). It also suggests a higher degree of 
differentiation between LREE and HREE. The ration of LREE 
to HREE ranges from 9.2 to 13.6, with an average of 11.8, The 
(La/Yb)N values range from 10.7 to 14.4, with an average of 
12.6. The δEu values range from 0.87 to 1.04, with an average 
of 0.96. Large ion lithophile elements (such as Rb, Sr, Ba) and 
Pb are enriched. Transitional elements Zr and Hf are enriched 
as well. These features imply that The LMAs may be related to 
hydrothermal activity.  

The geochemical characteristics of PGE show that the 
origin of PGE mineralization is related to magmatic-
hydrothermal activity. The LMAs may have formed during the 
same stage as the PGE being mineralized. 

Key words: Liquid Mineral Assemblages; hydrothermal 
fluids; Wengeqi PGE deposit, Inner Mongolia  
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We present a novel method of measuring the dissolution 

kinetics of calcium carbonate minerals in seawater. Carbonates 
labeled with 13C are placed in undersaturated seawater in a 
closed system. The time-evolving seawater δ13C is then a 
direct tracer of mass loss. By using 100% labeled materials, we 
can measure instantaneous dissolution rates without 
significantly changing the mass of material or the seawater 
carbonate system parameters. Our sensitivity is 20‰ δ13C per 
1 μeq/kg alkalinity increase. Signal to noise ratios of δ13C on a 
Picarro CRDS or traditional gas-source IRMS are roughly 
200:1 and 700:1, respectively. We measure seawater Ω to a 
relative precision of a few percent by alkalinity titration, which 
is negligable relative to uncertainty in the thermodynamic 
constants.  

Inorganic calcite dissolution rates normalized to BET 
surface area are highly non-linear as a function of 1-Ω, 
suggesting the possible influence of two separate dissolution 
mechanisms. Experiments with synthetically grown calcite of 
multiple grain sizes demonstrate no grain size effect on surface 
area-normalized dissolution rates. Our rates are also at least an 
order of magnitude slower than those previously measured.  

We are extending our analytical capabilities to more 
relevant ocean conditions. We have cultured several marine 
calcifiers in δ13C-rich seawater, including benthic and planktic 
foraminifera and high-Mg calcite soft corals, which we plan on 
using to investigate biomineral dissolution rates. We have built 
and tested a pressure chamber to measure dissolution rates at in 
situ ocean pressures, and a modified Niskin water sampling 
device to perform dissolution experiments at sea.  

These results significantly impact our understanding of 
calcium carbonate response to ocean acidification, water 
column dissolution, and near-equilibirum mineral-water 
interactions at in situ ocean conditions. 



 Goldschmidt2014 Abstracts  

 

2408 

2408 

Origin of hydrocarbons in continental 
serpentinite–hosted Hakuba Happo 

hot spring 
K. SUDA1*, Y. UENO1,2, A. GILBERT2, N. YOSHIDA2,3, 

AND S. MARUYAMA1,2 
1Depertment of Earth and Planetary Sciences, Tokyo Institute 

of Technology, Meguro, Tokyo, 152-8551, Japan 
(*correspondence: suda.k.ag@m.titech.ac.jp) 

2Earth-Life Science Institute, Tokyo Institute of Technology, 
Meguro, Tokyo, 152-8551, Japan 

3Depertment of Environmental Chemistry and Engineering, 
Interdisciplinary Graduate School of Science and 
Engineering, Tokyo Institute of Technology, Midori, 
Yokohama, 226-8502, Japan 

 
Serpentinite–hosted hydrothermal systems have been 

considered to be important sites for abiotic synthesis of organic 
compounds, which may have been a crucial stage in the origin 
of life on Earth. The presence of hydrocarbons, particularly 
carbon number 1 to 4, has been reported in serpentinite–hosted 
systems, regardless of continental or seafloor setting [e.g., 1,2]. 
However, production mechanisms of hydrocarbons in 
serpentinite–hosted systems so far has not been satisfactorily 
understood. We report systematic isotopic study of 
hydrocarbons for a continental serpentinite–hosted system: 
Hakuba Happo hot spring in the Shiroumadake area, Japan. 
The water at Hakuba Happo is pumped up from two drilling 
wells more than 500 m deep. It is one of the most alkaline (pH 
>10.5) hot springs in Japan and rich in abiotic H2 and CH4 [3]. 
We collected gas and water samples from two wells in 
November 2013 and January 2014. The water chemistries 
(temperature, pH, dessolved oxygen level, salinity) were 
almost exactly the same as that at prevous investigations 
conducted in July 2010 and June 2011 [3]. In this work, the 
hydrocarbon constituents of C2H6, C3H8, iso–C4H10 and 
normal–C4H10 were detected from gas samples of Hakuba 
Happo hot spring. The concentration of ethane, propane and 
butane was two, three and four orders magnitude less than the 
methane, respectively. We have conducted the isotopic 
analyses of hydrocarbons and discuss the process of 
hydrocarbons generation in serpentinite–hosted systems. 
Particularly intramolecular carbon isotopic distribution could 
provide important information for the origin of these 
hydrocarbons. 

 
[1] Charlou et al (2001) Chem. Geol. 191, 345–359. [2] Etiope 
et al (2011) EPSL 310, 96–104. [3] Suda et al (2014) EPSL 
386, 112–125. 
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In some ore deposits, notably Mississippi Valley-type Pb-

Zn deposits and black shale hosted Pt-Pd-rich deposits, there is 
a close spatial association between the metals and 
hydrocarbons (pyrobitumen). Indeed, Mississippi Valley-type 
deposits commonly contain hydrocarbon fluid inclusions and 
locally, oil seeps. Although the association between the metals 
and the hydrocarbons is generally attributed to the reduction of 
hydrothermal ore fluids by the hydrocarbons and consequent 
precipitation of the ore minerals, or the adsorption of the ore 
metals by organic matter, an alternative that merits 
consideration is that hydrocarbons (liquids) may be agents of 
metal transport.  

In order to test the possibility that hydrocarbon liquids 
could transport ore level concentrations of Pd and Zn, 
experiments were conducted to determine the solubility of 
solid oxides of these metals in five samples of crude oil. The 
solubility experiments were performed using fused silica glass 
tubes into which silica glass holders (open at one end) 
containing the metal oxides were inserted and to which (the 
tubes) 5 mL of crude oil was added. The silica glass tubes were 
sealed and heated at 200°C for 10 days. After the experiments, 
the metal holders were removed from the fused silica glass 
tubes, and the tubes were heated to 500°C for 24 hours, and 
600°C for another 4 hours to convert the oil to ash. After 
ashing, the contents of the tubes were leached by filling the 
tubes with aqua regia and leaving the aqua regia to react with 
the contents for 24 hours. The aqua regia solutions were then 
removed, diluted and analysed for Pd or Zn using ICP-MS.  

Prior to the experiments, the concentrations of Pd and Zn 
in the unreacted oils were analysed using the methods 
described above to establish the background concentrations. 
These concenrations ranged from 1 ± 0.1ppb to 4.6 ± 0.8ppb 
for Pd and 387 ± 35ppb to 3.0 ± 1.4ppm for Zn. 
Concentrations of Pd and Zn after reaction at 200°C ranged 
from 369 ± 26ppb to 514 ± 83ppb and 11 ± 6ppm to 255 ± 
42ppm, respectively. These concentration are comparable to or 
greater than those measured or predicted for hydrothermal ore 
fluids, and suggest that liquid hydrocarbons could play an 
important role as ore fluids in the formation of some of the Pd 
and Zn ore deposits. 
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The Muratdere deposit is a Cu-Au (Mo-Re) porphyry 
system in western Turkey. The porphyry contains several 
generations of quartz veins and intrudes an ophiolitic melange. 
The earliest mineralised vein set, V2, comprises quartz-pyrite-
chalcopyrite and hosts the majority of the Cu-Au 
mineralisation, with a δ34S of +1.1‰ to +6.3‰. The remainder 
of the Cu-Au mineralization, and some of the Mo 
mineralization, is associated with disseminated chalcopyrite 
and molybdenite in the host porphyry, with a δ34S of −2.2‰ to 
+4.6‰. Veinset V3, is composed of quartz and dendritic 
molybdenite with Re mineralization. LA-ICP-MS analysis of 
disseminated and vein molybdenite show comparable Mo 
concentrations, but molybdenite within the V3 veins has 
significantly higher concentrations of Re. This suggests that 
fluids forming the V3 veins evolved in a contrasting manner to 
those which precipitated the disseminated molybdenite. Given 
the heavier isotopic signature of the V3 veins (+5.6‰ to 
+8.8‰) interaction with peridotite lenses in the surrounding 
melange, (δ34S of between +6.8‰ and +8.8‰ [1]), may be an 
important factor in the Re enrichment. Veinset, V5, is 
polymetallic, with elevated values of Ag, Au and Te, with δ34S 
values between −5.5‰ and +2.7‰, suggesting assimilation of 
sedimentary sulphur. A working hypothesis is that 
hydrothermal fluid-country rock interactions provides an 
enrichment mechanism for Re & Te in this deposit. New δD 
and δ18O results and fluid inclusion analyses will constrain this 
hypothesis. 

 
[1] Koptagel et al (1998), Int. Geol. Rev. 40, 363-374 
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Some nutrient and heavy metal elements’ fluxes flowing 

into the sea were assessed during a one-year period through 32 
main rivers into the sea in China. In this survey, we collected 
suspended matter (SPM) and filtering water samples 
respectively in wet and dry seasons and bottom mud in dry. 
Water samples were pumped through 0.45μm nylon 
membranes. We calculated the flux through element 
concentrations in SPM and filtered water combined with rivers 
runoff data.  

Table 1 shows the flux of some elements for 32 rivers(R-
Flux) and estimated flux of Chinese continent (T-Flux). And it 
shows the average ratio of SPM and dissolved forms (SPM-
rate and Water-rate) when rivers reach to shallow sea. 

The results show the giant difference among different 
elements’ flux. And it also show difference between average 
ratio of SPM and filtered water forms when rivers reach to 
shallow sea. Ratio of dissolved form for Ca, K, Mg, Na, As 
and Zn when river water migrates to sea takes up over 70%, 
while SPM form takes up domination for Fe, Pb, Cd and Cu.  

 
Table 1 Flux of elements flowing into the sea and main 

transport forms for Chinese continental rivers(flux units: ton) 

Element R-Flux T-flux SPM-
rate(%) 

Water-
rate(%) 

As 4301 4494 27.5 72.5 
Ca 69089129 72181089 3.3 96.7 
Cd 110.9 115.8 64.5 35.5 
Cu 10221 10678 62.9 37.1 
Fe 4029673 4210014 97.5 2.5 
Hg 24.7 25.8 42.9 57.1 
K 5476964 5722075 7.8 92.2 

Mg 17145829 17913160 6.2 93.8 
Na 35814027 37416819 0.2 99.8 
P 246259 257279 42.3 57.7 

Pb 7309 7636 89.1 10.9 
Zn 66834 69825 24.7 75.3 
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It has been widely accepted that ferroan anorthosites 
(FANs) in the lunar crust crystalize from a global lunar magma 
ocean (LMO) [1]. The crystallization temperature of FANs is 
thus crucial to understanding the thermal-chemical evolution 
of the LMO. Plagioclase (plg) and clinopyroxene (cpx) are 
major rock-forming minerals in mafic and ultramafic rocks 
including FANs. In this study, we show that partitioning of 
rare earth elements (REEs) between coexisting plg and cpx 
strongly depends on temperature and mineral compositions. 
We then develop a new thermometer based on the temperature 
dependent plg-cpx REE partitioning that can be directly 
applied to many mafic and ultramafic rocks including FANs. 
Due to the slow diffusion rate of REE in minerals, the REE-in-
plg-cpx thermometer can potentially record apparent 
temperatures (TREE) close to crystallization temperatures of 
cumulates in mafic and ultramafic magmas. This can be tested 
by comparing the liquidus temperatures of mafic cumulates in 
layered intrusions with those derived from the REE-in-plg-cpx 
thermometer. 

We calculated TREE for FANs using REE abundances 
reported in [2] and [3] and major elements reported in [4]. TREE 
for all the FAN samples vary within a small range (1281 ~ 
1361 ºC), and are about 50 ~ 100 ºC higher than the 
MAGFOX-derived plagioclase crystallization temperatures 
(1235 ~ 1261 ºC) in a LMO model [5]. The small temperature 
range for all FAN samples suggests that the high TREE is a 
global feature for the lunar highland crust. If the high TREE is 
the crystallization temperature of FANs in LMO, it indicates 
that anorthite becomes saturated in the LMO earlier than that 
predicted by MAGFOX. The early saturation of anorthite may 
result from more complicated LMO crystallization processes 
than that assumed in MAGFOX calculation or a difference in 
initial LMO composition from that used in MAGFOX 
calculation of [5]. Alternatively, the high TREE may indicate a 
global thermal perturbation in the lunar highland crust, which 
reset the apparent temperature of REE-in-plg-cpx. 

 
[1] Warren (1985) Annu. Rev. Earth Planet. Sci. 13, 201-240. 
[2] Floss et al (1998) GCA 62, 1255-1283. [3] James et al 
(2002) GCA 66, 1269-1284. [4] McGee (1993) JGR 98, 9089-
9105. [5] Longhi (2003) JGR 108, 5083. 
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We have measured the Fe-Nd-isotopic ratios and trace 

element concentrations of a suite of Neoproterozoic iron 
formation (NIF) samples from the Yangjiaqiao Formation in 
Xinyu area, Yangtze region, South China. The Xinyu NIF is 
thought to be correlated with the Fulu NIF, which deposited 
during the Sturtian glacial episode. The Xinyu NIF is deformed 
and suffered from greenschist facies metamorphism. It is 
mostly about 10-m-thick and is composed mainly of magnetite, 
quartz and chrolite. The underlying country rock is magnetite-
bearing phyllite, and the overlying country rock is pyrite-
chrolite-bearing phyllite.  

The Shale-normalised REE patterns of the Xinyu NIF 
display LREE depletion relative to heavy REE, and they show 
weak anomalies of Eu and Y/Ho values. It has weakly negative 
εNd(t) which has linear relationship with Al2O3 contents. 
These features indicate that the Xinyu NIF is a mixture of low 
hydrothermal and detrital components. The Xinyu NIF lacks 
Ce anomalies and has positive δ56Fe-IRMM compositions as high 
as ~1.6‰, indicating a low oxygen fugacity environment. 

The iron isotope data from different sites in Xinyu erea 
(e.g., Liangshan, Songshan, Yangjiaqiao) show a similar trend 
of increasing δ56Fe-IRMM up-section from ~0‰ to ~1.6‰. This 
corresponds to a trend of decreasing in MnO contents and the 
shift from underlying magnetite-bearing country rock to 
overlying pyrite-bearing country rock as well, reflecting the 
change of the oxygen fugacity in the depositional environment. 
Therefore, the Xinyu NIF likely deposited during a 
transgression period, which can be caused by ice melting. As a 
positive δ56Fe shift has been reported from the Rapitan iron 
formation, the formation of the NIF during the sealevel rising 
may be a global event that results from the “snowball earth”. 
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The Jiamusi Block of NE China is located in the eastern 
part of the CAOB between the North China and Siberia cratons 
[1]. In the early Mesozoic, it collided with the Songliao Block 
to the west as a circum-pacific accreted block, formed the 
unified Eurasian eastern boundary [2]. In the late Mesozoic to 
Cenozoic, huge amounts of igneous rocks were produced 
caused by back-arc intraplate extension triggered by paleo-
pacific subduction [1, 3]. 

The late Mesozoic magmatism of the Jiamusi Block is 
important for understanding subduction triggered intraplate 
igneous processes. It occured mainly in 104-100 Ma based on 
SHRIMP zircon U-Pb dating, and belong to high-K calc-
alkaline series, with a bimodal signature, all rich in LILE and 
HREE, depleted in HFSE. It is represented by (1) 104±1 Ma 
adakite derived from juvanile lower crust (εNd(t)=~+0.5; 
zircon δ18O=~8.0, εHf(t)=+6–+9); (2) 102±1 Ma basalt derived 
from asthenosphere mantle (εNd(t)=~+3); (3) 100±1 Ma 
composite dyke complex [4] consists of asthenospheric mantle 
derived dolerite (εNd(t)= -1–+4, zircon εHf(t)=+9–+16) and 
ferroan (A-type) rhyolite; and (4) 100±1 Ma Type-2 composite 
dyke (zircon δ18O=~6.5, εHf(t)=+1–+5) and diorite enclave 
bearing granite porphyry country rock (S-type, εNd(t)=-4.5, 
derived from recycled upper crust). 

The ~100 Ma magmatism in the Jiamusi Block thus reveals 
the processes of slab dehydration and roll-back triggered 
asthenosphere upwelling, intraplate extension and crustal 
thinning. Combined with previous work, the start time of 165-
90 Ma magmatism in NE China shows an ~1.8 cm/y eastward 
temporal migration, consistent with global slab sinking rate [5], 
supporting the paleo-Pacific roll-back model.  
 
[1] Wu et al (2011) JAES 41, 1-30. [2] Zhou et al (2013) GR 
23, 1365-1377. [3] Xu et al (2013) JAES 74, 167-193. [4] Sun 
et al (2013) Lithos 162-163, 317-330. [5] Butterworth et al 
(2014) J. of Geody 73, 1-13. 
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Thermal diffusion (TD) unmixes elements/isotopes of gas 
molecules under temperature gradient. Classical kinetic theory 
treats gas molecules as spherical and collisions being elastic 
and isotope separation is not pressure and temperature 
dependent, but composition dependent. In this sense, molecular 
mass is the essential factor for TD separation of isotopologues. 
Anomalous isotope fractionations, however, were observed 
half century ago, for N2, CO, CO2 and O2 which violate the 
mass dependency of TD, e.g. the sign of isotope enrichment 
along the thermal gradient is opposite to the theoretical 
prediction. Recent reports by us also showed that the 
isotopologues of O2 and SF6 gases did not fractionate mass 
dependently and the deviation was both pressure and 
temperature dependent. Also, the SF6 results showed no 
considerable S-36 anomaly, which suggests nuclear spin effect 
could be a responsible factor 

We performed a series of experiments with thermal 
structures of diffusive and convective settings, on gases of 
Neon, O2, CO2 and CO. We used gases with natural-abundance 
isotopes in contrast with those with highly-enriched minor 
isotopes. Our results showed 1) three isotopologues for 
monatomic Neon are consistent with theoretical predicted mass 
relationship, suggesting nuclear spin is not a sufficient 
condition for the mass anomalies. 2) The anomalies persist in 
strong convections, suggesting TD could result in considerable 
isotope effect in natural conditions. 3) Anomalies are observed 
for all the polyatomic molecules, suggesting molecular 
structure and internal degree of freedom may play roles during 
TD in addition to the molecular masses. 

Our observation is important for investigating 
intermolecular forces due to the seemingly strong dependence 
and sensitivity of multiple isotope signatures to the moleular 
properties and collision conditions; and for isotope partitioning 
associated with TD in the planetary upper atmosphere and 
stellar interiors as TD was suggested to be significant physical 
processes occurring in those environments. 
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Essentially all porphyry deposits are closely associated 
with oxidized magmas at convergent margins. The best oxygen 
fugacities for porphyry mineralization is ΔFMQ +2 to +4 [1]. 
This is controlled by the interactions between sulfur and iron. 
Sulfur is the most important geosolvent controlling the 
behavior of Cu and other chalcophile elements. A small 
amount of residual sulfide can hold a large amount of Cu. 
Sulfate is the dominate sulfur species at >ΔFMQ +2), which is 
over 10 times more soluble than sulfide. The solubility of 
sulfur increases from ~1000 ppm up to >1 wt. % [2], such that 
less than 10 % partial melting can eliminate residual sulfides 
even in subducted slabs. The final porphyry mineralization is 
controlled by sulfate reduction, which is usually initiated by 
magnetite crystallization, accompanied by decreasing pH and 
correspondingly increasing oxidation potential of sulfate. 
Hematite forms once sulfate reduction lowers the pH down 
sufficiently, driving the oxidation potential of sulfate up to the 
hematite–magnetite oxygen fugacity (HM) buffer, which is 
~ΔFMQ +4. Given that ferrous iron is the most important 
reductant responsible for sulfate reduction during porphyry 
mineralization, the highest oxygen fugacity favorable for 
porphyry mineralization is the HM buffer. Sulfate reduction 
and ferrous Fe oxidation form H+, which causes pervasive 
alteration zones in porphyry Cu deposits. The amount of H+ 
released during mineralization and alkali contents in the 
porphyry together control the intensity of alteration. Reduced 
magmas are not favorable for porphyry mineralization. 
Reduced porphyry deposits so far reported are either just host 
rocks away from the causative porphyry or were reduced 
through assimilation of reducing components during 
emplacement. 
 
[1] Sun, W.D., et al 2013. The link between reduced porphyry 
copper deposits and oxidized magmas. Geochimica et 
Cosmochimica Acta, 103 263-275. 
[2] Jugo, P.J., 2009. Sulfur content at sulfide saturation in 
oxidized magmas. Geology, 37 (5): 415-418. 
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The biogeochemical cycles of calcium, magnesium, 

sodium and potassium, are linked to the ocean’s alkalinity 
budget through terrestrial weathering and the subsequent 
formation and burial of carbonate minerals in marine 
sediments. Alkalinity is delivered to the ocean through these 
four cations, but is largely removed through calcium carbonate 
accmulation on the ocean floor. Therefore, non-calcium 
cations are removed from the ocean through a variety of other 
processes, including the formation of evaporates and clay 
minerals and the exchange of interlayer cations in clays. Here, 
we quantify the fluxes of calcium, magnesium, sodium, and 
potassium within marine sediments by compiling a global 
database of pore fluids from the various Ocean Drilling 
Programs. Changes in the concentration of different elements 
within pore-fluids reflect chemical reactions within the 
sediments or with the underlying oceanic crust, or changes in 
seawater chemistry (the boundary conditions). We calculate 
the flux within marine sediments for these cations based on the 
pore-fluid concentration profiles and corrected for diffusion. 
Our calculated fluxes of calcium and sodium within marine 
sediments are spatially heterogeneous, while the fluxes of 
magnesium and potassium are a relatively homogeneous sink 
to marine sediments. Our calculations indicate that the net 
source/sink of cations in deep-sea sediments and underlying 
crust is quantitatively important to what is ultimately buried. 
However, additional studies on near-surfaces and boundary-
layer fluxes of cations across the sediment-water interface are 
needed to accurately estimate the global sink of elements in 
sedimentary systems. Delineating the various processes that 
control the major cation chemistry of seawater on geologic 
time scales remains critical for understanding how the silicate-
weathering thermostat operates.  
 

[1] Fantle, M.S., DePaolo, D.J., 2007. Geochimica et 
Cosmochimica Acta 71, 2524-2546. [2] Higgins, J.A., Schrag, 
D.P., 2012. Earth and Planetary Science Letters 357–358, 
386-396. 
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The increasing use of uranium both in nuclear power 

industry and the generation of electricity has resulted in 
progressive exhaustion of high-grade uranium reserves 
worldwide. Bioleaching as a biological oxidation and 
complexation processe to mobilize metal cations from often 
almost insoluble ores, is mainly employed worldwidely in 
uranium. Pyrite is essential for uranium recovery especially in 
bioleaching[1]. Unfortunately, most uranium ores has low 
pyrite in China. In order to decrease cost of uranium extraction 
and improve uranium recovery, column bioleaching 
experiments were carried on with additional pyrite in the high 
fluoride-contained uranium ores.  

The average grade of U of samples was 0.1789%, F was 
3.36% in weight and -8mm sizes. Additional pyrite(wt%) 
contained 0.42 FeS2 with size of -3mm. Dominant bacteria in 
culture for irrigation was Acidithiobacillus ferrooxidans and 
Leptospirrilum ferrooxidans was the minor ones. 3 columns as: 
minerals(40kg)+pyrite(3.0%(wt)) with culture, no pyrite and 
minerals(40kg)+pyrite(3.0%(wt)) with no culture, respectively. 

After 103 days, uranium leaching rates by sludge were 
93.77%, 89.93% and 78.17%, acid consumptions were 3.23%, 
3.11% and 3.40% for the 3 columns, respectively. Culture 
compositions changed with the leaching processes greatly with 
the dominant bacteria of At. thiooxidans and L. ferrooxidans at 
the end of leaching. 

It confirmed that the given uranium ores with high fluoride 
and low pyrite could be treated efficiently with the additional 
pyrite and the adaptive mixed culture.  
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[1] Alexey Borisovich Umanskii & Anton Mihaylovich 
Klyushnikov. J Radioanal Nucl Chem (2013) 295 151–156 
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We tested the hypothesis that Mn-enriched layers in Arctic 

Ocean sediments are reliable time markers for interglacial 
periods, using a diagenetic model. Diagenesis is fuelled by two 
sources of organic carbon, particulate organic matter (POM) 
settling to the sediment surface and methane diffusing up from 
deep gas hydrate deposits. POM and particulate Mn are only 
supplied to the sediment during interglacial periods. The model 
includes oxidation of organic carbon and soluble reduced Mn 
by O2, reduction of oxidized Mn via anaerobic methane 
oxidation, transport of dissolved O2 and Mn by diffusion, and 
transport of solid components by burial. O2 is supplied from an 
overlying invariant reservoir. The effects of anaerobic CH4 
oxidation are simulated by prescribing reducing conditions in 
the lowest layer of the model. Oxidized Mn advected into this 
layer is reduced to soluble reduced Mn, which diffuses 
upwards and is reoxidized and reprecipitated by O2. The 
upward flux of reduced Mn is a function of the rate at which 
oxidized Mn is advected into the reduction layer at the bottom 
of the model and is not synchronous with events at the 
sediment-water interface. Model runs reveal that the O2 
penetration depth fluctuates between 2 m (during interglacials) 
and the depth of the reducing layer (during glacial periods). 
Precipitation of upward diffusing manganese generates 
secondary manganese enrichments that cannot be distinguished 
from the primary enrichment created by burial of manganese-
rich interglacial sediment layers. Caution is advised when 
using manganese enrichments as a time marker where 
sediments contain gas hydrates.  
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The effectiveness of recent regulatory actions controlling 

anthropogenic mercury releases is still largely unknown. This 
presentation will provide an overview of recent progress in 
quantifying the environmental exposure pathway for mercury 
and anticipated responses to global change. We have 
developed a fully coupled biogeochemical modeling 
framework for atmospheric, terrestrial and oceanic mercury 
dynamics. The impacts of all-time historical anthropogenic 
emissions on concentration trajectories in different ocean 
basins will be discussed, including releases from intentional 
uses. Using recent data from CLIVAR cruises in the North 
Pacific, Indian and Southern Oceans, we have developed a 
model relating inorganic mercury concentrations to 
methylmercury levels in seawater, as well as variability due to 
ocean biogeochemistry, We have also developed a 
bioaccumulation model for methylmercury that is driven by 
both environmental properties and seawater methylmercury 
concentrations. Implications of past and future trends in 
fisheries harvests for human consumption on methylmercury 
exposures will be discussed. This analysis will provide a case-
study example of how changes in global anthropogenic Hg 
emissions can be linked quantitatively to changes in fish 
concentrations and human exposure to evaluate the 
effectiveness of various regulatory control options. 
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Ocean pH proxies help constrain the carbon system in the 

paleocean and can be used to infer atmospheric CO2 when 
coupled with estimates of total alkalinity, aqueous pCO2 or 
dissolved inorganic carbon. This project investigates two novel 
pH proxies (cerium abundance and kinetically-controlled 
oxygen isotopes) through a series of precipitations of inorganic 
calcite, as well as the previously established boron isotope pH 
proxy. Precipitations are performed using varied pH and 
carbonate saturation states that span the range of typical ocean 
values as well as a “free drift” that allows pH and saturation 
state to vary. The light rare earth element cerium speciates, 
depending on local oxidation-reduction conditions, between 
the soluble Ce3+ and highly insoluble Ce4+ ions, causing a 
relative depletion of cerium in ocean water. This project 
demonstrates how a suite rare earth elements, including 
cerium, partitions into inorganic calcite and how partitioning 
varies with changing pH and carbonate saturation state. 
Oxygen isotope fractionation is primarily controlled by 
temperature, but this project examines how pH and carbonate 
saturation state correlate with oxygen isotope values under 
kinetic conditions during the initial stage of precipitation. The 
effect of diagenesis on each proxy is simulated by dissolution 
of precipitated calcite in a pressure vessel. Results from the 
precipitations are used to inform a record of well-preserved 
benthic and planktonic foraminifera from DSDP Site 356 that 
range in age from the K/Pg boundary to the period when the 
δ13C gradient between the surface and deep ocean returned to 
pre-event levels. The pH record is used to infer the magnitude 
and length of the perturbation to the oceanic carbon system 
following the extinction event, particularly in terms of export 
productivity. 
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Over the last two decades, innovations in micro-sampling 

techniques have advanced our capabilities to produce 
environmental reconstructions on seasonal to subdaily time 
scales, using ultra-high-resolution isotopic records from fast-
growing, short-lived molluscs. Such advances have provided 
new insights into past climate changes that were otherwise not 
detected by more traditional proxy records that are often biased 
towards decadal to annual resolution and summer/growing 
season. Moreover, ultra-high-resolution shell records approach 
the seasonal range in temperature and reveal variations in 
seasonal growth rates. Therefore, bulk sampling shells would 
bias results toward the fast growing season. Using ultra-high-
resolution time series from short-lived molluscs is not without 
challenges, however. Unlike long-lived bivalves, short-lived 
molluscs cannot be used to construct master chronologies. 
Rather, short-lived molluscs can produce “snapshots” of 
climate variability at seasonal to subseasonal scales. This 
approach works well for Holocene deposits where shells can 
be radiocarbon dated. In this case, multiple shells are used to 
generate ~30 years of snapshots, allowing characterization of a 
given century. This approach is more challenging, however, 
when using fossil shells from deposits where time averaging 
may span 1000s to 100s of 1000s of years or more. How many 
“snapshot” years are required to reconstruct seasonal 
variability in deep time? This paper discusses some of the 
advantages, challenges, and future directions in using ultra-
high-resolution isotopic records from fast-growing, short-lived 
molluscs to reconstruct seasonally resolved coastal marine 
climate. 
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Fluids discharging from fractures over 2.8 km deep in a 
South African mine have been isolated from the crust for up to 
25 Myr and sustain microbial communities of H2-utilizing 
methanogens and sulphate reducers [1,2]. Recently, noble gas-
derived residence times of more than a billion years were 
determined for a series of saline fracture fluids from a mine in 
Timmins, Ontario at 2.4 km depth [3]. Our team is currently 
investigating the prevalance of this ancient deep hydrosphere, 
the distribution of such trapped fluids in the crust, and the 
nature and biodiversity of any microbial communities hosted in 
these hydrogeologically isolated fracture networks.  

Here we present new geochemical and isotopic data for 
fluids and gases collected at the same Timmins mine, 
documenting temporal and spatial variability over 6 years and 
over a vertical depth from levels between 2km and 3km below 
surface. New fluids from the deepest levels of the mine show 
δ2H-δ18O signatures similar to those previously seen at this 
site, and extend to values even more elevated above the Global 
Meteoric Water Line (δ2H=-30.9‰; δ18O=-17.5‰) consistent 
with extensive water-rock interaction over long residence 
times. Samples from a new site at Sudbury, Ontario show δ2H-
δ18O signatures elevated above the GMWL comparable to 
those at Timmins and of similar, but lesser, salinity. 
Intriguingly, the dissolved gases from the Sudbury site are 
significantly different than those seen elsewhere on the Shield. 
Associated gases contain significant CH4 (~15%) and traces of 
C2H6, but differ from those of the Timmins site in their very 
high N2 (~53%) and He (32%). The elevated δ2H-δ18O 
signature of Sudbury fluids may be indicative of isolation in 
the deep crust on similar timescales to those of Timmins. 
Noble gas analyses and residence time calculations for these 
and other sites are currently underway.  

 
[1] Lin et al (2006) Science 314, 479-482. [2] Lippmann-Pipke 
et al (2011) Chemical Geology 283, 287-296. [3] Holland et al 
(2013) Nature 497 (7449): 367-360. 
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The traditional picture of diamond formation from CHON 

fluids in the upper mantle is inadequate. CHON fluids are 
modelled as molecular fluids representing a mixture of simple 
gas molecules. The model fluids contain only a small number 
of species (e.g. CO2, CH4, H2, H2O and N2), there no ions, and 
fO2 is the only link to the silicate rocks in which the fluids 
occur [1]. As a consequence, the only way diamond can 
precipitate from such a fluid is by redox changes. However, 
real fluids in the upper mantle exist in a silicate environment. 
Aqueous fluids at elevated pressures contain large amounts of 
dissolved silica, neutral species, ions, and metal complexes in 
various degrees of polymerization [2]. Furthermore, recent 
fluid inclusion studies, experiments and theoretical 
calculations have indicated substantial carbonate mineral 
solubilities at high pressures and that aqueous carbonate ions 
may play a role in the transport of carbon in upper mantle 
aqueous fluids [3]. A more comprehensive approach to fluid 
speciation in the upper mantle is needed. 

By including HCl as a component, reactions involving 
scores of aqueous ions and metal complexes in upper mantle 
fluids can be considered and the model fluid chemistry is 
coupled to its silicate rock environment. Models of diamond 
formation can then include changes in acidity as well as redox. 
Here the new Deep Earth Water (DEW) model [4] was used to 
calculate equilibrium constants for incorporation in data files 
for aqueous speciation and chemical mass transfer calculations 
modelling diamond formation in cold subduction zones for the 
first time. 

A fluid equilibrated with a model mineral assemblage 
representing the peridotitic mantle part of a subducting slab 
was reacted with the magnesite-bearing metabasaltic upper 
part of the slab at 600 °C and 5.0 GPa. Silicate-fluid reactions 
such as pyrope altering to chlorite consumed Mg2+ from the 
aqueous phase causing a drop in pH that favoured alteration of 
magnesite to diamond. In this way, acidity changes driven by 
water-silicate rock reactions can be a way to form diamond. 
 
[1] Zhang & Duan (2009), GCA 73, 2089-2102. [2] Manning 
et al (2010), EPSL 292, 325-336. [3] Pan et al (2013), PNAS, 
110, 6646-6650; Frezzotti et al (2011), Nature Geo., 4, 703-
706; Facq et al (2014) GCA (doi 10.1016/j.gca.2014.01.030). 
[4] Sverjensky et al (2014) GCA, 129, 125-145. 
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Radiocarbon is responsible for dominant contribution to 

the collective effective dose from all radionuclides released by 
nuclear power plants (NPP) with light-water pressurized 
reactors (LWPR) during normal operation. There are three 
basic ways how to perform monitoring of 14C activity in the 
environment. The first possibility is based on the monitoring of 
the atmospheric 14CO2 and/or sum of the carbon forms 
(including combustible compounds of carbon). The second 
possible way is sampling of the biota ingrowth during a given 
vegetation period (tree leaves, herbs). Other possible sampling 
way is utilizing of tree rings as a material with long term 
record of 14C. To obtain basic information about level of the 
14C activity and its trends in the Czech Republic territory, 
monitoring of the atmospheric 14CO2 activity in the urban area 
Prague-Bulovka (bordering part of this city) and the relatively 
clear rural locality Košetice (monitoring station of the Czech 
Hydrometeorological Institute) was launched in 2002 and 
2003, respectively. In the Czech Republic is performed 
monitoring of 14C in annual biota from the vicinity of NPPs 
Temelín and Dukovany since 2002. Due to presence of the 
light water pressurized reactors in the both NPPs, releases of 
14C into environment are relatively small. Possible surplus of 
14C activity in the NPP’s surrounding is also reduced by a low 
abundance of the 14CO2 form in the 14C releases from these 
NPPs (only this form of 14C can be captured by biota). During 
2013 and 2014 was also performed sampling of several tree 
rings close to the both NPPs and in the reference localities. 
Quantifying of the possible 14C activity surplus in the NPP 
surrounding is obstructed by several problems causing increase 
of a resulting uncertainty. These influences will be described 
and analyzed in our presentation. Likewise, limitations and 
advantages of applied sampling routines will be discussed. 

 



 Goldschmidt2014 Abstracts  

 

2426 

2426 

Toxic levels of Fe(II) in Archean 
seawater delayed the Great Oxidation 

Event 
E.D. SWANNER1*, A.M. MLOSZEWSKA2, 

K.O. KONHAUSER2, R. SCHOENBERG1 AND A. KAPPLER  
1Department of Geosciences, University of Tuebingen, 

Tuebingen, Germany, 2Department of Earth and 
Atmospheric Sciences, University of Alberta, Edmonton, 
Alberta, T6G 2E3, Canada  
(*correspondence: elizabeth.swanner@ifg.uni-
tuebingen.de) 

 
Multiple lines of evidence indicate temporally and spatially 

limited oxygen production by at least 2.6 Ga [1,2], prior to the 
Great Oxidation Event (GOE) at ca. 2.4-2.32 Ga [3]. Did 
abundant oxygen sinks in the Archean cause a protracted and 
episodic rise of atmospheric oxygen, or were early 
cyanobacteria initially limited in their ability to produce 
oxygen? We propose that the activity of early cyanobacteria 
was inhibited by toxic reactive oxygen species (ROS). Indeed, 
in experiments we observed significant toxicity when the 
marine cyanobacterium Synechococcus PCC 7002 was 
incubated in initially anoxic conditions with tens of μM Fe(II). 
Fe(II) caused an increase in ROS within the cell, and a reduced 
capacity to produce oxygen. We calculate that Fe(II) supplied 
to late Archean upwelling zones would have poisoned 
cyanobacteria. Semi-restricted carbonate platforms, such as the 
Gamohaan formation of the Griqualand West basin in South 
Africa, which formed between 2.6-2.5 Ga, sheltered 
cyanobacteria from upwelling Fe(II) in spatially-restricted 
oxygen oases. Shales deposited along the slope of such 
platforms contain evidence of oxygen [1,2]. Emplacement of 
large igneous provinces (LIP) periodically drowned carbonate 
platforms with Fe(II)-rich water [4], poisoned cyanobacteria, 
and turned off oxygen production. Cyanobacteria expanded 
throughout the oceans with the end of LIP activity after 2.4 Ga, 
coincident with the GOE.  
 
[1]Godfrey & Falkowski (2009) Nature Geosci., 2, 725-9. 
[2]Kendall et al (2010) Nature Geosci., 3, 647-52. [3]Bekker 
et al (2004) Nature, 427, 117-20. [4]Barley et al (2005) EPSL, 
238, 156-71. 
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Marine pyrite has proved its mettle as a indicator of redox 

changes in the atmosphere and oceans throughout Earth’s 
history through its iron and sulfur isotopic compositions. 
Recently, the trace element contents of authigenic marine 
pyrite have been used to reconstruct fluctuations in the trace 
element contents of seawater through time [1,2], which provide 
additional insight into the causes and consequences of ocean-
atmosphere redox change, as well as constraints on biological 
activity and evolution. 

The validity of trace element contents in marine pyrite as 
redox proxies rests on the processes controlling trace element 
uptake and retention. The formation in marine pyrite likely 
proceeds through an initial FeS precipitate that subsequently 
become oxidized to pyrite. Our objectives are to explore the 
fate of trace elements during this transition using synchrotron-
based micro X-ray fluorescence and spectroscopy, which can 
map both the distribution and oxidation state of iron and sulfur, 
and provide information about the coordination environment of 
sulfur, iron or trace elements with spectroscopy.  

We have focused on the fate of cobalt and nickel during 
formation of mackinawite, and after simulated diagenetic 
transformation to pyrite, because these elements incorporate 
into the pyrite structure. We will present data linking the 
heterogeneities of trace element concentrations to shifts in the 
coordination environment and oxidation state of sulfur. The 
consequences of these heterogeneities will be discussed in 
terms of the variations seen in the sedimentary pyrite record. 
 
[1]Large et al (2014) EPSL, 389, 209-220. [2]Swanner et al. 
(2014) EPSL, 390, 253-263. 
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Submarine groundwater discharge (SGD) is now 

recognized as an important material vector that can directly 
impact nearshore ecosystems. The flow of groundwater into 
coastal waters responds to both marine and terrestrial controls, 
yet the mechanisms that drive this flow remain poorly 
understood. To address this uncertainty, an easily accessible 
offshore groundwater vent field off west Maui was 
investigated using a combination of oceanographic instruments 
and geochemical tracers. High resolution, time- series 
measurements of the coastal water-column structure were 
examined to assess water exchange rates relative to tides and 
waves. This oceanographic data was coupled with radioisotope 
data to assess SGD rates and controls. Redox controlled Mn-
oxide deposits at the groundwater vent site preferentially 
concentrated radium, which in turn provided a point source for 
radon (222Rn, t1/2 = 3.8 d) and thoron (220Rn, t1/2 = <1 min). 
Time-series of these two isotopes yielded information on 
groundwater discharge rates. A better understanding of the 
controls on how groundwater discharges and mixes with the 
ocean is essential given expected climatic, land-use, and sea-
level changes. 
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The Utica Shale has seen renewed investigation as a major 
source of unconventional gas. Both drillers and geochemists 
are concerned with ion mobilization after hydraulic fracturing. 
Flowback water from this formation contains elevated 
concentrations of barium, strontium, and radium, and answers 
are sought on how to predict and mitigate contamination to 
reduce environmental impact.  

These macroscale phenomena are the outcome of nano- 
and microscale characteristics and processes. Shales in their 
natural state combine high specific surface area and pervasive 
surface interactions with confined fluid geometries and 
anisotropic permeability. Geochemical reactions therefore 
equilibrate rapidly locally, and only over geologic timescales 
regionally. Hydraulic fracturing enhances permeability, which 
is equivalent to expanding the volume of fluid in effective 
communication with reactive surfaces by many orders of 
magnitude. This, in combination with an influx of less-saline 
waters with distinct Eh and pH, drives ion-mobilizing reactions 
as the system re-equilibrates. 

To understand this dynamic, a suite of samples varying 
systematically in organic content, maturity, and proportions of 
clays and carbonates has been interrogated. Optical and 
electron microscopy, with EDS and XRD, yield spatially-
resolved mineralogy and pore-mineral associations. Small-
angle neutron scattering, and mercury porosimetery and 
permeametery on whole plugs, yields both axis-specific 
surface area as a function of pore size and measures of pore 
connectedness. Additionally, these data yield mineral-specific 
reactive surface area using a novel technique particularly 
applicable to shales. These methods are applied to each 
lithology and a variety of samples to describe the formation as 
a whole. Reaction modeling for key minerals is performed 
using The Geochemist's Workbench, combining reactive 
surface area, degree of disequilibrium, and rate constant. 
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Organic matter is known to readily adsorb to colloidal and 
nano-scale mineral surfaces in natural environments impacting 
the surface charge, aggregation, and transport of these 
materials. As a result, understanding the impact of natural 
organics on mineral surface reactivity is crucial to gain insight 
into the environmental fate of both naturally occurring and 
anthropogenic nano-scale minerals.  

In this investigation magnetite nanoparticles with average 
diameters of 6 nm and 90 nm were synthesized and thoroughly 
characterized. The sorption of chromate onto magnetite 
surfaces in the presence and absence of organics was used as a 
proxy for surface reactivity. A baseline sorption curve was 
determined in a series of magnetite-chromate sorption 
experiments conducted at circumneutral pH. The experiments 
were then repeated with varying concentrations of Suwannee 
River Fulvic Acid (FA), and organics isolated from leachate-
impacted groundwater (LL) from the USGS Norman Landfill 
Site. 

Experimental results indicated that in the absence of FA, 6 
nm magnetite sorbed ~92% of the total chromate in solution 
over an 8 hour duration, while the 90 nm magnetite sorbed 
~88% of the total chromate over the same time period. Low 
concentrations of FA (1 mg/L) had a negligible impact on the 
sorption of chromate for either set of particles, while the 
addition of 50 mg/L FA reduced the amount of chromate 
sorbed by the 6 nm and 90 nm particles to ~76% and ~70% of 
the total, respectively. The addition of LL (100 mg/L) had a 
similar impact on the magnetite-chromate sorption dynamic.  

These results demonstrate that high concentrations of 
dissolved organics inhibit the surface reactivity of 
nanoparticles by reducing the reactive surface area of the 
particles. Additionally, the initial results indicate that at early 
sample times the sorption of Cr (VI) is reduced to a greater 
extent for the 6 nm particles in the presence of FA although the 
degree of inhibition equalizes over the full 8-hour experimental 
duration. Future experiments will investigate the response of 
the same magnetite-chromate system to different types of 
organics, as well as look at the impact of the organics on the 
magnetite/Cr(IV) redox system.  
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In situ isotopic and geochemical compositions of detrital 

and authigenic mineral constituents of clastic sediments and 
sedimentary rocks are rich archives of information about 
present and past surface processes. We exploit this archive by 
focusing on six key detrital minerals: zircon, tourmaline, rutile, 
monazite, apatite and feldspar. Monazite, apatite, rutile (titania 
polymorphs) and feldspar may also be present as authigenic 
minerals. Systematic and quantitative analysis of the 
abundances, sizes and shapes of the minerals in sampled 
sedimentary units are made by automated scanning electron 
microscopy using the Mineral Liberation Analyzer (MLA), 
followed by backscattered electron (BSE) and/or 
cathodoluminescence (CL) imaging of representative grains. In 
situ analysis of U-(Th)-Pb radiometric age (zircon, rutile, 
monazite, apatite); Hf (zircon), Nd (monazite, apatite) and 
common Pb (tourmaline, feldspar) isotopic compositions; and 
geochemistry (all minerals) of discrete, inclusion-free domains 
in the grains is made by laser ablation – (multicollector) – 
inductively coupled plasma mass spectrometry (LA-MC-
ICPMS).  

A critical aspect of this approach is the complementary use 
of the mineral analyses. Zircon, tourmaline, and rutile are 
highly resistant to weathering and thus document the 
provenance of the long-lived, polycyclic clastic component of 
samples. Monazite, apatite and feldspar break down more 
readily during weathering and thus largely reflect only the 
most recent, single-cycle clastic component delivered to a 
sampled unit: their abundances, textures and compositions may 
also be used to infer particular conditions of weathering and 
transport, e.g., monazite and apatite are highly unstable in 
acidic solutions; feldspar is dissolved most strongly in hot, 
humid environments. Chemical compositions of each of the six 
minerals may be linked to particular magmatic and high-grade 
metamorphic source terrains, e.g., the trace element chemistry 
of rutile distinguishes meta-mafic and meta-pelite sources; Ca-
Na-K proportions of feldspar distinguish basaltic and granitic 
sources. The isotopic compositions of authigenic monazite, 
apatite, rutile and feldspar can constrain the sources of 
diagenetic basinal fluids.  
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The Mesoarchaean Tartoq Group of SW Greenland host 
large slivers and enclaves (up to 100 x 2000 meters) of 
serpentinites, which form tectonic imbricates within the 
supracrustal rocks. We present new whole-rock major, trace 
and platinum-group element data, and preliminary Re-Os 
isotope data for these serpentinites. Additionally, we present 
in-situ major and trace element data for chromite and 
magnetite.  

Based on these data we can rule out a magmatic 
(komatiitic/boninitic/picritic) or residual mantle 
(MOR/forearc) origin for the protoliths of the serpentinites. 
Fractionated platinum-group element patterns suggest a 
cumulate origin with some samples (high-Ir group) pointing 
towards derivation as early cumulates from large degree 
mantle melts. A melt-modified mantle origin cannot be 
rejected entirely, but appears unlikely given the high Fe 
content (FeOt = 9.5-17.3 wt.%) and fractionated PGE patterns. 
Late resetting and overprinting is suggested by the altered in-
situ oxide mineral compositions, which cannot be primary, as 
indicated by negligible Mg and Al contents.  

Although our data do not provide unambiguous evidence 
for the petrogenesis of these Mesoarchaean serpentinites, we 
find many similarities with ultramafic rocks associated with 
the lower crustal cumulates from the Kohistan and Talkeetna 
arc sections (allowing for slight mobility of MgO and SiO2 
during alteration, serpentinisation and metamorphism).  

Therefore, our preferred interpretation of the Tartoq Group 
serpentinites is an origin as ol+opx+chr cumulates, which 
crystallised from the magma that was parental to the Tartoq 
Group mafic sequence, consistent with the arc-affinity of the 
latter. The overall geological information from the Tartoq 
Group suggest that this assemblage of imbricated mafic to 
ultramafic rocks and minor sediments represents a 
dismembered Mesoarchaean arc-related ophiolite. 
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Shinfa is a tributary of the Blue Nile which begins in the 
NW highlands and moves through the lowlands of Ethiopia 
before crossing into Sudan. Upland and lowland regions are 
characterized by seasonal precipitation patterns with heavy 
rainfall in the summer and an extended dry season through 
winter and spring. We present an actualistic isotopic study of 
the modern and ancient Shinfa river system in order to provide 
a context for ancient human occupation sites across this region 
during the Pleistocene diaspora out of Africa.  

Rain in the upland and lowland regions have δ18O values 
of ~-2‰ and reside upon the meteoric water line. Weekly 
sample collections of waters from the Shinfa river change from 
~-2‰ during the wet season to ~+20‰ during the dry season. 
The latter values are among the most positive δ18O values of 
water reported; they record hot and dry conditions that lead to 
extreme evaporation and isotope enrichment of Shinfa waters. 
Water temperatures vary range from 21-32°C during the dry 
season.  

Modern mollusk aragonite growth series of δ180 range 
from -0.7‰ in the wet season to +2.4‰ in the dry season, thus 
preserving a muted signal of seasonal variation in water δ18O 
values in conjunction with seasonal temperature variability. 
~40 Ka old arargonite mollusks associated with human 
occupation sites preserve δ18O variation ranging from -2.5‰ to 
+4.7‰, suggesting more intense seasonality during Pleistocene 
human occupation. Furthermore, these data indicate that 
perenial rivers such as Shinfa were exploited by humans 
during Pleistocene arid intervals. 
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Hayabusa-2 is an asteroid exploration mission to return 
surface samples from a near-Earth C-type asteroid 1999 JU3. 
Carbonaceous-type asteroids are expected to preserve the most 
pristine materials in the solar system that are an interacted 
mixture of minerals, ice, and organic matter, which would have 
later evolved to the Earth, ocean, and life, respectively. Space 
missions are the only way to obtain such pristine minerals, 
organics and volatiles with geological context and without 
terrestrial contamination. Moreover, because asteroids are the 
evolved remnants of planetesimals, detailed on-site 
observation by a spacecraft and analyses of return samples will 
provide direct evidence of planet formation and dynamical 
evolution of the solar system.  

On-board scientific instruments are a laser altimeter, a 
multi-band camera, a near-infrared spectrometer, a thermal 
infrared imager, and a wide-angle camera for remote-sensing 
observation, and a small carry-on impactor for an asteroid-
scale impact experiment. The sampling device, basically the 
same as the original Hayabusa, allows sampling three surface 
locations and stores surface rocks (>100 mg) in three separate 
chambers in a sample container. 

Hayabusa-2 will launch this year, arrive on 1999 JU3 in 
mid 2018, and fully investigate and sample the asteroid during 
its 18-month stay. The spacecraft will depart the asteroid in 
late 2019, and return to the Earth with samples in December 
2020. Integration tests of the spacecraft are now being made, 
and the current mission status will be presented at the meeting. 
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Models for apatite solid solutions offer a single internally 

consistent means for examining fluid behavior from the surface 
to the mantle. Analysis of the OH apatite component persents 
one challenge for this goal.  

FTIR shows several different OH moieties, a minor OH 
oriented perpendicular to the c-axis, and one or two carbonate 
subsitutions on the OH site. Speaking strictly, models of OH in 
apatite assume OH in apatite is equivalent to the OH in the 
hydroxylapatite endmember (at 3572 cm-1). However, this is 
minor contribution to the spectra, if not completely absent. 
Other cationic and anionic substitutions shift the 3572 cm-1 
absorbance to lower wavenumbers. Analyses that rely on total 
OH may overestimate water concentrations.  

Electron microprobe analysis, even when properly 
accounting for halogen diffusion, typically overestimates OH 
content by calculating normative OH=1-Cl-F. This number is a 
maximum value, as the site on the sixfold axis may also 
contain vacancies, carbonate and oxygen. OH calculated from 
probe analyses will reliably overestimate OH, and derived 
water concentrations.  

Measured OH concentrations mean little outside of a 
thermodynamic context. In the simple tricalcium phosphate- 
molten calcium salts systems, OH exchange with fluorine and 
chlorine is highly temperature dependent. OH exchange with 
chlorine shows pressure dependence as well. Calculations 
using H2O-HCl-HF exchange show similar results. Models that 
do not explicitly account for temperature and pressure will 
underestimate water contents at lower, near solidus 
temperature, and overestimate at higher temperature.  

The application of a thermodynamic model must be 
integrated to petrography. Yet there is a reward for the trouble 
of these calculations: Buried in the P-T dependence of apatite 
compositions is a potential magmatic P-T path recorded by 
apatite inclusions. Some worked examples will be presented. 
The assumption of ideal mixing in the Hap-ClAp-FAp solid 
solution will be weighed.  
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Melting has always played a key role in Earth evolution. 
Early solidification of a magma ocean may have left the mantle 
compositionally stratified and may have continued in the form 
of a long-lived basal magma ocean (BMO). Ongoing upper 
mantle/transition zone melting, perhaps associated with water 
and carbonate, may have caused ‘internal differentiation’, 
resulting in dense enriched products that sink. Throughout 
Earth's history melting in the shallow mantle has produced 
crust, most of which was recycled into the interior and some of 
which may have segregated above the core-mantle boundary, 
joining possible enriched products from early differentiation, 
internal differentiation and BMO solidification to produce a 
Basal Melange (BAM). Here we investigate the thermal and 
chemical evolution of Earth’s interior from the ~molten state to 
billions of years later using global-scale numerical simulation. 
Our previously-published models that included only oceanic 
crustal production and recycling (e.g. Nakagawa & Tackley, 
2014) indicated that (i) a layer of subducted crust can rapidly 
build up above the CMB, (ii) early-formed layering above the 
CMB may have been necessary to avoid rapid early core 
cooling and a too-large present-day inner core, (iii) magmatism 
is the dominant heat transport mechanism early on, (iv) 
melting acts as a thermostat, buffering mantle temperature. 
Here we improve the models to handle deep melting including 
melt fractions of up to 100%, fractional melting using a 
eutectic model, segregation of melt and solid, and a 
parameterized magma ocean treatment at high melt fractions 
(using an eddy diffusivity based on mixing length theory, 
similar to previous 1-D treatments). We investigate and 
characterize the evolution of deep mantle structure in the limits 
of negatively buoyant melt and positively buoyant melt. We 
focus on the interplay of deep melting and melt migration, 
primordial layering, recycled crust and harzburgite, and 
products of upper mantle internal differentiation, in producing 
a heterogeneous deep mantle.  
 
[1] Nakagawa, T., and P. J. Tackley (2014), Influence of 
combined primordial layering and recycled MORB on the 
coupled thermal evolution of Earth's mantle and core, 
Geochem. Geophys. Geosyst., in press. 
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Sungun porphyry deposit is one of the largest copper 
deposits, which is located in east Azerbaijan, NW of Iran. 
There are widespread plants species. Using biogeochemical 
and geobotanical methods to introduced index planet for 
accumulation of heavy metal [1,2]. Geochemical prospecting 
has been carried out on distribution of Zn, Pb,Cu, As, Cd and 
Mo in the plant species and soil of the Sungun Cu-Mo deposit. 
Anthemis nobilis, Crepissancta, Picnomon acarna species are 
the main plant species which are belong to the Asteraceae 
family and Hedysarum alpinum and Officinalis melilotus 
species are from Papilionaceae families. Geochemical studies 
on the soil samples of the Sungun deposit indicated that all the 
samples enriched by heavy metals. Anthemis nobilis, 
Crepissancta and Picnomon acarna species have been enriched 
by heavy metals more than other species. Commonly, 
biological absorption coefficient of molybdenum in the most of 
species is greater than 1. The average biological absorption 
coefficient of As is 0.753, however the highest value of arsenic 
absorption coefficient is 2.7 which belongs to the Anthemis 
species, so it could be introduced as an arsenic accumulator. 
Cadmium is the only heavy metal which show highest value 
absorption coefficient (2.36). Transfer coefficient of the 
Officinalis melilotus species show the highest amount belongs 
to cadmium (1.36). On the basis of biogeochemical studies, 
Cu, As, Cd, Mo are enriched in the studied plants; Anthemis 
nobilis has been shown the greatest capability for accumulating 
Cu and Mo in its tissues through soil so it could be used as a 
bioindicator for mineral exploration. 
 
[1] Brooks, R.R. (1983) Biological Methods of Prospecting for 
Minerals, Wiley, New York. [2] Davies BE (1997) 
Deficiencies and toxicities of trace elements and 
micronutrients in tropical soils: Limitations of knowledge and 
future research needs. Environ Toxicol Chem 16: 75–83 
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Ghohroud area is situated in the southern part of the 
Kashan. Rhyodacite, Dacite and andesite of the Eocene have 
been outcropped in the area that is influenced by the late stage 
fluids of the Oligo-Miocene granodiorite. Eocene volcanic 
rocks have been shown porphyry texture and are light-gray in 
color, whereas granodiorite specified with granular texture as 
well as crème color. Using principal components analysis 
(PCA) is a criterion to knowldeging alteration zones [1]. Both 
standard and selective component applied to distinguish rock 
type. Geological and remote sensing studies demonstrated 
argillic, sericitic, propylitic, calc-silicate, iron oxides and 
silicification alteration zones within Eocene volcanic rocks. 
Igneous, sedimentary rocks as well as alteration zones show 
blue-green, red-orange and crème-white in color respectively. 
Cluster analysis separated samples to Cu-Co-Cd as well as Pn-
Zn-As groups, which is correlated to argillic and calc-silicate 
alteration zones respectively. According to ICP-MS analysis, 
minimum and maximum of Cu, Pb, Cd, Zn, As and Co range 
(1.5-459), (1-623), (0-2.97), (14-413), (0.5-21) and (1.5-17) 
ppm correspondingly. On the basis of the soli standard, there is 
some Cu-Pb contamination. Combined multiplicative 
calculation show good correlation with both argillic as well as 
clac-silicate alterations and Cu-Pb and contamination. Kriging 
calculation has been documented maximum Cu-Pb anomalies 
occurred in the southern part of area, on igneous rocks. Field 
relationship, remote sensing data and geostatic calculation 
strongly support; granodiorite body has been generated Cu-Pb 
contamination. Otherwise fluids caused hydrothermal 
alteration, which enriched those elements.  
 
[1] Loughlin W P (1991), Principal component analysis for 
alteration mapping; Photogrammetric Eng. Rem. Sens. 57, 
1163–1169 
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In chloride-bearing aqueous solutions Ni and Co exist in 
the form of hydrated octahedral species Me(H2O)6

2+, or 
Me-Cl complexes that can have both tetrahehedral or 
octahedral geometries. The aim of the present study is to 
investigate the effect of PT conditions and Cl- activity upon the 
composition and structure of these species. 

Spectroscopic experiments are performed using a home 
made flow-through spectroscopic cell. The cell is constructed 
from VT-8 titanium alloy and has sapphire windows. The 
volume of the cell is ~ 1 ml, aperture is 5 mm, and path length 
~ 10 mm. Pressure inside the cell can be set up to 350 bar in 
the flow-through mode with the aid of the standard HPLC 
pump, and raised to 1 kbar with high pressure hydraulic pump 
in the stop-flow mode. The cell is connected to the Cary 4000 
UV-VIS spectrofotometer with the aid of the quartz glass fibre 
optic.  

We have recorded spectra of Ni-Cl solutions with HCl 
concentration of 0.15 – 0.25 mol, and m(NaCl) to 2 mol. In 
agreement with previous studies, the optical absorption spectra 
of Ni can be divided into 2 regions: 350 – 500 nm where the 
peaks of octahedral Ni are located, and 500 – 800 nm with 
tetrahedral Ni peaks. For 2m NaCl solution at 
450 °C, 500 bar the absorbance maximum at 604 nm, arising 
from a tetrahedral complex, is ~ 2 units higher than the 
absorbance at ~ 450 nm which corresponds to Ni in octahedral 
coordination. Increase of pressure from 400 to 1000 bar at 350 
– 450 °C results in decrease of the intensity of transitions  
at λ > 500 nm (tetrahedral complexes) and increase of 
absorbance at higher energies (octahedral species) with 
isobestic point at ~ 500 nm (350 °C) and ~ 530 nm 
(400 °C). For NaCl-free solution the most intense peaks are 
located at 500 ± 50 nm, and the isobestic point at ~ 460 nm. 
The pressure effect on the spectra of this solution at 450 °C is 
more complex: with increase of pressure new peak arises in 
450-500 nm region, that masks the isobestic point. 

Experiments with Co-Cl solutions as well as the 
calculation of the stability constants of Ni-Cl and Co-Cl 
complexes are underway. 
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The rate of hydrolysis of Fe(III) is so high at circumneutral 
pH that Fe(III) is generally assumed to be under the form of 
Fe(III) oxides in most aquatic environments. The solubility of 
Fe(III), however, is enhanced by complexation with organic 
ligands, and organic-Fe(III) complexes have been detected in a 
variety of freshwater and coastal marine sediments even 
several centimeters below the maximum oxygen penetration 
depth. In this study, the existence of these complexes in deep-
sea sediments is confirmed, suggesting that they may be 
ubiquitous in iron-rich environments. These complexes may be 
formed by a variety of mechanisms, including aerobic 
oxidation, non-reductive dissolution of Fe(III) oxides, and 
aggregation of nanoparticulate material in the presence of 
organic ligands. A general mechanism for the chemical 
formation of these complexes and their reactivity will be 
proposed based on experiments performed in the laboratory. 
Finally, the role of these complexes in sediment 
biogeochemistry will be demonstrated using examples from 
field and laboratory studies. 
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A Mn-rich apatite occurs in pegmatite #22 on the 

southeastern shoreline of a small, unnamed island in Cross 
Lake, Manitoba, Canada, about 5 km north-northwest of the 
Cross Lake settlement at 54º41'N 97º49'W [1], [2], [3]).  

Associated minerals in the interior wall zone are 
fluorapatite, bobfergusonite, manitobaite, eosphorite, 
dickinsonite, triploidite, goyazite, perloffite, beusite, triplite, 
quartz, K-feldspar, muscovite, schorl, beryl, spessartine, 
gahnite and (Nb,Ta, Sn)-oxides. In the core zone, associates 
are fluorapatite, chlorapatite, triploidite, eosphorite, 
dickinsonite, fillowite, quartz, K-feldspar, muscovite, schorl, 
beryl, gahnite and (Nb,Ta,Sn)-oxides.  

Fluorapatite is a common primary mineral in the core zone 
of the pegmatite whereas Mn-rich Cl-rich apatite occur in the 
interior wall zone as narrow veins and small inclusions in 
apatite and fine-grained aggregates of manitobaite, eosphorite, 
triploidite, etc., indicating crystallization from late-stage, 
residual pegmatitic fluids highly enriched in Mn and Cl. 

 Mn-rich apatite occurs as patches and veins in large 
crystals of apatite and Mn-bearing apatite in phosphate pods in 
the quartz core of a granitic pegmatite. The Mn content is 
inversely proportional to the size of the patches and the width 
of the veins.  

Approximately forty-five samples were collected for a 
systematic mineralogical investigation of the pegmatite. 
Phosphate nodules in the interior and wall zones of the 
pegmatite and phosphate masses in the core zone. All of the 
primary phosphates present have very high values of Mn/(Mn 
+ Fe2+) and in some cases, these minerals have the richest Mn-
values known for their species. 

 
[1] Anderson (1984) MSc. thesis, University of Manitoba. [2] 
Ercit et al (1986) Can. Min. 24, 599-604. [3] Ercit et al (1986) 
Can Min. 24, 605-614. 
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Clear-cutting of a forested watershed results in increased 
hydrologic export of important nutrients including Ca, but the 
internal sources and mechanisms of Ca that lead to increased 
export remain uncertain. Ca isotope ratios, which are 
fractionated in forest ecosystems by preferential uptake of light 
Ca by plants, may allow us to determine the forest Ca pools 
that contribute to increased export.  

We measured stable Ca isotopes on archived precipitation, 
soil, bedrock and streamwater samples from two Hubbard 
Brook watersheds, one of which (Watershed 5) was subjected 
to a 1983 whole-watershed harvest experiment. The other 
watershed (Watershed 6) was untreated and serves as a control. 
δ44Ca of precipitation (-0.93‰ relative to the seawater 
standard) and silicate bedrock (–1.28‰) are typical of rainfall 
and bedrock measured globally. Soil exchangeable δ44Ca is 
very light at the surface (-1.84‰ at Oa horizon) reflecting 
recycling of biologically-fractionated Ca back into topsoil, and 
becomes heavier with depth (to –1.38‰ in the C horizon). 
Streamwater δ44Ca in both watersheds varies within the range 
defined by precipitation and shallow soil Ca. In both 
watersheds, δ44Ca generally becomes lighter with increasing 
discharge, consistent with rainfall-driven changes in flowpaths 
whereby streams export shallow-soil Ca at high flow.  

As streamwater Ca concentrations increased ~5-fold in 
Watershed 5 following clear-cutting, average streamwater 
δ44Ca decreased by ~0.3‰. Our working hypothesis is that this 
increased Ca export is made up of biologically cycled Ca from 
shallow soil. An increase in Watershed 5 streamwater Ca/Na 
ratios supports this interpretation. However, synchronous with 
the observed shift in Watershed 5 δ44Ca, we observe a smaller, 
but still robust shift towards lighter δ44Ca and higher Ca/Na 
ratios in the control Watershed 6. The mechanism for this is 
unclear, perhaps reflecting long-term changes in Ca cycling in 
this forest. 
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Complexation of metal cations with ligands such as 
hydroxide ion, carbonate ion, carboxylate ion, and phosphate 
ion is one of the most important factors controlling behaviors 
of metal ions in natural environment. Previous studies showed 
that these ligands were classified as “intermediate hard 
ligands” having oxygen donor, which favors to form ionic 
bonding. However, it was found that the reactivity of these 
ligands depends on ionic radius and that there is a difference of 
the reactivity between hydroxide ion and other intermediate 
hard ligands such as carbonate and carboxylate. For example, 
among divalent alkaline earth metal ions, Mg2+ mainly 
precipitates as hydroxide (brucite), while Ca2+ prefers to form 
carbonate (calcite) or phosphate (apatite) minerals rather than 
hydroxide. However, quantitative discussion on the selectivity 
of metal cations has not been performed. 

In this study, we evaluated the standard Gibbs free energy, 
entropy, and enthalpy for the complex formation of hydrated 
metal cations with these ligands based on a critical 
thermodynamic database. As a result, we found that the 
entropic contribution to the free energy was large in the case of 
hydroxide complex of smaller cation. In contrast, the entropic 
contribution to the free energy was small in the case of 
hydroxide complex of larger cation and other complexes. In 
addition, the enthalpy contribution was not significant in this 
reaction. In the aqueous complexation reaction, entoropy was 
controlled by the number of water molecules replaced by the 
ligand, suggesting that hydroxide complex for large cation was 
not stable due to the small effect of dehydration. 

This suggestion was confirmed by quantum mechanical 
calculations, which was performe with B3LYP/6-311+G* 
[27,28] level using Gaussian 09. We calculated distance 
between metal (M) in the center and oxygen (O) in the ligand 
with the increase of number of water molecules placed in the 
vicinity of the metal ion. As a result, it was found that the M-O 
distance for hydroxide complex is larger than that of carbonate 
in the case of larger cation and vice versa This means that 
hydroxide prefers to form outer-sphere complex for lager metal 
ion, which is not the case of other intermediate hard ligands. 
This result is consistent with what we suggested based on the 
thermodynamic data. 
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Radionuclides such as radiocesium and radioiodine were 
emitted from the Fukushima Daiichi Nuclear Power Plant 
(FDNPP) accident. They were mainly transported via. 
atmosphere and deposited on land-surface as wet or dry 
deposition [1]. After the deposition, they have migrated in the 
terrestrial environment depending on their chemical properties 
and interactions with various components in the soil, sediment, 
and water. The initial distribution has been extensively studied 
by the measurement of radioactivities in soil collected from 
various areas and by numerical models of the disperson by air 
[1]. In this presentation, we focus on the re-distributions of 
radiocesium and radioiodine in land-surface in Fukushima. The 
processes include (i) secondary migration of soil particles 
containing radionuclides by wind and (ii) transport by water in 
soil, river water, and sediments in Fukushima. In particular, the 
process (ii) has been studied coupled with their speciation that 
should be important to understand their behaviors in the 
surface environment. 

After the deposition of radiocesium, its vertical profiles in 
soil in Fukushima showed that most of radiocesium have been 
retained at the very surface (i.e., < 5 cm) of the soil. Leaching 
experiment showed that radiocesium is strongly bound to soil 
particles. Size distribution analyses for particulate matters and 
sediment particles in rivers showed that radiocesium is 
enriched in finer particle fractions, suggesting that radiocesium 
has a high affinity for clay minerals. This suggestion was 
confirmed by the speciation analysis using X-ray absorption 
fine structure (XAFS) showing that radiocesium forms inner-
sphere complex within the interlayer of 2:1 phyllosilicate. 
These results can explain the increase of radiocesim in river 
sediments in basin and in estuary areas by the secondary 
transport. 

Leaching-precipitation behavior of radioiodine from soil 
samples suggets that iodine was incporporated into humic 
substances. The formation of organic iodine has been 
suggested by XAFS, which can proceed in a relatively short 
period, such as within a week or a month. Formation of 
organoiodine is responsible for the relative immobile nature of 
radioiodine in the soil layer. 

 
[1] N. Yoshida and Y. Takahashi, Elements 8, 201-206, 2012. 
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We present a 2.5Ma record from the Congo deep sea fan 
(ODP 1075) of amino-bacteriohopanepolyols (amino-BHPs). 
The methanotrophic source of aminobacteriohopanepentol, a 
biomarker for aerobic methane oxidation (AMO)1, in ODP 
1075 is supported by compound specific δ13C isotope values of 
-41‰2. High resolution intervals confirm aminopentol to vary 
on glacial-interglacial timescales with high concentrations of 
amino-BHPs recorded during warm, interglacial stages and 
low concentrations of amino-BHPs during cold, glacial stages. 
This increase in AMO intensity (as suggested by aminopentol 
concentrations) during interglacial stages is likely an imported 
signature from the Congo hinterland. Analysis of BHPs in soils 
from a range of sub-environments (forest, savannah etc.) did 
not contain the same signature whilst ediments from floodplain 
wetlands (Malebo Pool) were found to contain similar 
biomarker signatures as the marine sediments, suggesting a 
common source.  

Wetlands are important and widespread sub-environments 
in all large tropical river catchments. Their extent responds to 
fluctuations in humidity, which changes at glacial-interglacial 
and shorter time scales in response to the level of humidity. 
Humidity in the interior of tropical Africa has been shown to 
be driven by fluctuations in the difference in sea surface 
temperature (SST) between the subtropical and tropical South 
Atlantic3. 
 
[1] Wagner et al 2014. Org. Geochem. 67, 85–98. [2] Talbot et 
al in review. Geochim. Cosmochim. Acta [3] Schefuß et al 
2005. Nature 437, 1003-1006. 
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Subsurface storage of CO2 is a potential technology to 
reduce carbon footprint and mitigate global warming. 
Regulations require geochemical assessment of the impact of 
CO2 injection for specific target sites to ensure long-term 
integrity and containment of CO2. In the storage complex a 
substantial amount of injected supercritical CO2 partitions into 
the formation brine. This subsequently causes a lower pH and 
further geochemical alteration of the reservoir fluids and rock. 
Reactive transport modelling (RTM) couples gas and fluid 
flow with geochemical reactions, and is thereby able to predict 
reservoir rock alterations to assess reservoir integrity The in-
house Shell reservoir simulator was recently coupled with open 
source geochemical software PHREEQC, enabling 
development and deployment of RTM for various applications. 
The software was successfully benchmarked with 
TOUGHREACT, which is important for confidence in 
simulation results. However, it is known that various 
geochemical databases lead to quantitatively different results 
even using the same simulator. At the same time geochemical 
data is used across many disciplines straddling the entire 
workflow (i.e. subsurface/wells/surface), involving different 
engineers. The aim of this work is to provide end users in our 
integrated projects with one consistent geochemical database. 

We obtained geochemical input data from SUPCRT92. We 
compared these data with laboratory measurements and data 
from the commercial software OLI Stream Analyzer, which is 
frequently used for our well/surface applications. The 
Helgeson-Kirkham-Flowers (HKF) model was built into 
MATLAB and equilibrium constants (K) for relevant reactions 
were computed as a function of temperature. The data were 
then fitted according to a polynomial model used by 
PHREEQC, while pressure dependency parameters were 
mapped directly. The default activity model parameters from 
PHREEQC were used.  

The constructed geochemical database was tested using our 
in-house RTM simulator and speciation results were compared 
with those from OLI Stream Analyzer. The database was then 
applied to simulation of a relevant CO2 storage case study. 
Future RTM applications will not be limited to such cases, but 
will be further deployed in other developments in the oil and 
gas industry, such as H2S storage and enhanced oil recovery. 
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Precipitation is one of the five factors, along with parent 
material, topography, biota, and time, controlling soil and 
ecosystem development [1] and nutrient cycling. Contrary to C 
and N, only few studies have investigated the relationships 
between precipitation and P cycling and distribution in soils 
developed on a similar parent material [2, 3, 4]. 

Soils found on the Kohala Mountain, Hawaii, provide ideal 
conditions to study the effect of increased precipitation on P 
distribution. The soils are developing on the same parent 
material, alkali basalts of the Hawi Series with high contents of 
apatite. Along the climosequence, precipitation ranges from 
<200 to >3000 mm per year. The distribution of minerals and 
elements and the abrupt changes in soil chemical properties are 
strongly influenced by the rainfall gradient [2, 5]. Organic 
matter and non-crystalline minerals increase at intermediate 
rainfall, and while the first declines, non-crystalline minerals 
dominate even at high rainfall [5]. 

We present results from a study aiming at identifying 
patterns in soil P forms and variations along the Kohala 
climosequence. The Hedley extraction was performed on 11 
soils sampled at different depths. The stable isotopes of oxygen 
bound to phosphate (δ18O-PO4) were analyzed on some of the 
extracted P forms. Sorbed P makes up to more than 80% of 
total P at intermediate to high rainfall, and HCl-P gradually 
declines from drier to wetter sites. The δ18O-PO4 of the HCl-P 
is typical of volcanic material (10‰) at dry sites, and becomes 
heavier with increased rainfall. These results puts the 
foundations to identify chemical thresholds and climatic 
boundary conditions, which affect P distribution in soils.  

 
[1] Jenny (1941) Factors of soil formation: a system of 
quantitative pedology. [2] Vitousek & Chadwick (2013) 
Ecosystems 16, 1379-1395. [3] Frossard et al (1989) Can J Soil 
Sci. 69, 401-416 [4]. Angert et al (2011) Geochem. Cosmoc. 
Acta 75, 4216-4227. [5] Chadwick et al (2003) Chem. Geol. 
202, 195-223. 
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Stabilization of aquatic sediments contaminated with 

multi-elements is a challenging task in choosing the 
appropriate sorbent and application dosage. The present study 
investigated the possibility of using bauxite residue (bauxaline 
and bauxsol) as an amendment for the treatment of multi 
contaminated sediments. Adsorption experiments are carried 
out to determine the removal efficiency of solid and surface 
complexation modeling is used to model the adsorption data. 
The solids are subjected to CEC, XPS and BET analyses. 5% 
bauxaline and 5% bauxsol is used for the treatments of 
sediment to immobilize As, Cd, Cu, Mo, Ni, Cr and Zn. pH, 
ionic conductivity, temperature, and leached metal 
concentrations are measured regularly during the experiment. 
The results showed that after 3 months of treatment, Cd, Cu, 
Zn and Ni can be effectively immobilized but increased 
leaching of As, Cr and Mo is observed as compared to control. 
The leachates are then evaluated for acute toxicity using 
estuarine rotifers Brachinous plicatilis. Suitable treatment of 
bauxite residue can make it an effective choice for remediation 
in future. 

 
 
 
 
 
 
 

 
 
 
 

 
Fig.1. Total amounts of pollutants released after three months 
from control sample and stabilized sediments 
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Iron-60 (t1/2=2.62 Myr) have proven to be one of the 

significant tools to study the evolution of early solar system [1]. 
A high 60Fe/56Fe ratio in meteorites would imply the birth of 
the solar system to the explosion of a nearby supernova. 
However, the initial 60Fe abundance at CAI condensation as 
well as its homogeneity was controversial according to the 
results from different meteorites. Solving the issue of 
abundance and distribution of 60Fe in multiple early solar 
materials is critical to assess the plausibility of the scenario of 
supernova-triggered solar system formation. 

To study this issue, we have measured the Ni isotopic 
compositions of bulk HEDs, angrites and mineral separates 
from quenched angrites DʼOrbigny and Sahara 99555 [2]. 
According to the correlation between 60Ni isotopic ratio and 
Fe/Ni ratio, 60Fe/56Fe ratios obtained in isochrons range from 
2×10-9 to 3×10-9. Depending on the Mn-Cr ages of HEDs and 
angrites, the initial 60Fe/56Fe ratio can be estimated to be 
~1×10-8 at CAI formation. Moreover, chondrules and mineral 
separates from CBa chondrite (Gujba) as well as two ordinary 
chondrites Semarkona (LL 3.0) and NWA 5717 (ungrouped 
3.05) were also studied. No resolvable 60Ni excesses were 
observed in NWA 5717 or Gujba, giving an upper limit of 
60Fe/56Fe initial ratio of 3×10-8 in the early solar nebula. 
Resolvable 60Ni excess was found in one Type II chondrule 
from Semarkona with high Fe/Ni ratio, translating into an 
initial 60Fe/56Fe ratio at CAI formation of ~1×10-8 in the region 
where Semarkona formed. Therefore we conclude that 60Fe 
was presented in a low abundance and well-mixed in the early 
solar system, implying that 60Fe could have been simply 
inherited from interstellar medium that made the solar system. 
On the other hand, a nearby stellar source for 26Al is still 
required. We favor the scenario of injection by stellar winds 
from one or several massive stars since 26Al can be decoupled 
from 60Fe successfully and transported into the parent nebula 
for solar system [3].  
 

[1] Dauphas & Chaussidon (2011) AREPS 39, 351; [2] Tang & 
Dauphas (2012) EPSL 359-360, 248; [3] Gounelle & Meynet 
(2012) A&A 545, A4. 
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Equilibrium 13C-18O clumped isotope distribution in 

carbonates has been applied as a new thermometer for surface 
temperature systems. However, existing Δ47-T relationships 
calibrated by several different groups are incompatible, which 
generates substantial confusions in the community. Here we 
propose a new molecular-level mechanism with three parallel 
pathways for the kinetic isotope effects during phosphoric acid 
digestion of carbonates. The new mechanism abandons 
completely a previously proposed molecular mechanism (i.e., 
Guo et al., 2009) and explains extremely well the 
discrepancies of Δ47-T relationships provided by different 
groups. Together with a re-calculated equilibrium clumped 
isotope fractionation factors using a new volume-variable-
cluster-model method with higher theoretical-level treatments 
and higher-order anharmonic corrections, we present an 
equilibrium Δ47-T relationship that varies slightly with 
different contributions of the three parallel reaction pathways.  

Under the absolute reference frame, our new calibration 
line is only slightly different from the line of Dennis et al. 
(2011), but with large difference from that of Ghosh et al. 
(2006). The slope of our calibration line is almost the same as 
that of Guo et al. (2009). 
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Manganese (Mn) oxides, which are generally considered 
biogenic in origin within natural systems, are the only oxidants 
of Cr(III) under typical environmental conditions. Yet the 
influence of Mn biooxide mineral structural evolution on 
Cr(III) oxidation under varying geochemical conditions is 
unknown. In this study we examined the role of light, organic 
carbon, pH, and structure of biogenic Mn oxides on Cr(III) 
oxidation. Aging of Mn oxides produced by a marine 
bacterium within the widespread Roseobacter clade resulted in 
structural ripening from a colloidal hexagonal to particulate 
triclinic birnessite phase. The structurally diverse Mn oxides 
were then reacted with aqueous Cr(III) within artificial 
seawater in the presence or absence of carbon and light. Here 
we found that Cr(III) oxidation capacity was highest at near 
neutral pH and in the combined presence of carbon and light. 
Mn oxide ripening from a hexagonal to triclinic birnessite 
phase led to decreased Cr(III) oxidation in the presence of 
carbon and light, whereas no change in reactivity was observed 
in the absence of carbon and/or in the dark. As only minimal 
Cr(III) oxidation was observed in the absence of Mn oxides, 
these results strongly point to coupled Mn oxide- and photo-
induced generation of organic and/or oxygen radicals involved 
in Cr(III) oxidation. Based on Mn oxide concentration and 
structural trends, we postulate that Mn(II) produced from the 
oxidation of Cr(III) by the primary Mn oxide is recycled in the 
presence of organics and light conditions, (re)generating 
secondary hexagonal birnessite and thereby allowing for 
continuous oxidation of Cr(III). In the absence of this Mn 
oxide regeneration, Cr(III) induced structural ripening of the 
hexagonal birnessite precludes further Cr(III) oxidation. These 
results highlight the complexity of reactions involved in Mn 
oxide mediated Cr(III) oxidation and suggest that 
photochemical carbon reactions are requisite for sustained 
Cr(III) oxidation and persistence of reactive Mn oxides.  
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The assembly and break-up of supercontinents occurred 
repeatedly throughout Earth’s history. It is commonly argued 
that increasing mantle plume activity due to the thermal 
insulation effect of a stagnant continental lid is the main cause 
of supercontinent break-up. However, recent numerical models 
suggest that mantle temperatures beneath supercontinents are 
only slightly elevated and therefore additional destabilizing 
mechanisms must operate. Cratonic North America including 
Greenland (hereafter Laurentia) anchored the Neoproterozoic 
Rodinia supercontinent, which reached stability at 900 Ma. 
While it is evident from the geologic record that Rodinia’s 
demise began with strong rifting activity along the western and 
southern margins of Laurentia at ca. 750 Ma, break-up along 
the eastern and northern margins is poorly constrained. New 
and published ages for North American kimberlites and related 
rocks reveal that continuous CO2-rich magmatic activity 
occurred proximal to the eastern and northern margins of 
Laurentia between 680 and 550 Ma, after a prolonged 
‘shutdown’ of deep-seated CO2-rich magmatism during 
maximum Rodinia stability. Although Sr-Nd-Hf-Pb isotope 
compositions of these North American kimberlites indicate a 
convecting upper mantle origin from beneath the rifting 
‘supercraton’, new data for Baffin Island and Greenland 
suggest that intense interactions with the cratonic mantle 
occurred. These interactions may have prompted diamond 
formation beneath Laurentia, and it has been suggested that 
some diamonds formed <50 Myr prior to the host 
Neoproterozoic kimberlite magmatism beneath Greenland. Our 
model suggests that significant mantle carbon mobilization as 
low-degree melts – and entrapment in the form of diamond - 
occurred during the waning stages of Rodinia. We discuss the 
destabilizing effects of such redox-controlled processes on 
continental lithosphere and argue that they may be a 
fundamental cause, and not a consequence, of supercontinent 
break-up. 
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Since the initial emergence of land vegetation in the 
Ordovician, much of the organic carbon in terrestrial 
sedimentary rocks has been derived from C3-plants. Variations 
in the δ13C of terrestrial organic matter should therefore reflect 
changes in the 13C fractionation of plants, which in turn may 
relate to changes in atmospheric pCO2 and pO2. Using the δ13C 
of terrestrial organic matter to quantify paleo-atmospheric 
compositions is not straightforward, because fossil plant 
organic matter can undergo compositional and isotopic 
changes during burial. In order to assess the effects of burial on 
the δ13C of plant organic matter, we have analysed mean δ13C 
values of fossil wood and coal from several localities and ages, 
and compared the results with mean δ13C values of fossil resins 
(amber) from the same locations. Fossil resins are thereby 
representative of unaltered bulk plant matter [1]. Compared to 
coal and fossil wood, resins are depleted in 13C by 
approximately 2‰. After correcting for this offset, we were 
able to reconstruct atmospheric pO2 since the Ordovician using 
published analyses of terrestrial organic matter and following 
the approach outlined in Tappert et al. [1]. The results indicate 
that atmospheric pO2 for most of the Phanerozoic was 
considerably lower (pO2: 10-20%) than today. The highest pO2 
levels in the Palaeozoic were restricted to the late 
Carboniferous and Permian (pO2: ~17-20%). Particularly low 
pO2 prevailed from Ordovician to early Carboniferous, in the 
early Triassic, and from the late Jurassic to mid-Cretaceous. 

 
[1] Tappert et al (2013) Geochim. Cosmochim. Acta 121, 240-
262. 
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Changes of Hg concentration in the soil gas as well as 

mercury vapor flow from soil surface to the atmosphere is a 
well known phenomena. In geochemical exploration it serves 
as one of the best pathfinder elements for finding precious 
metals such as gold and silver, base metal sulphide deposits 
and volcanogenic deposits. Moreover, a permanently existing 
flow of mercury vapor through upper layer of soil as a result of 
earth’s crust degassing is a main source of Hg in the 
atmosphere. The registration of this flow can serve as a good 
indicator of the earth crust’s condition.  

A group of Russian scientists from the Academy of 
Science performed a continuous measurements of Hg flow 
from the Earth's crust for several years (1981-1985). All 
measurements of Hg in soil gas have been performed by 
portable atomic fluorescence mercury analyzer with Hg 
preconcentration. The equipment was installed in the vault 
completely buried in a soil. The measurements were carried 
out each hour in a round-the-clock mode. Calibration was 
carried out daily by an injection method. 

Using a method of controllable indignation the linear 
velocity of an ascending mercury flow was measured. The total 
velocity of vertical upward flow (8 sm/h) consist of an 
ascending flow (2,64 cm/h) and diffusional flow (5,36 cm/h). 
The strong dependence of mercury concentration in the soil 
gas from temperature, humidity and atmospheric pressure on 
the soil surface don’t registered. 

The round-the-clock long-duration detection of mercury 
has shown distinct periodic variations of Hg concentration in a 
soil gas. The mean logarithmic value of mercury flow was 220 
pg/m2h. Computer Fourier-analysis detect a harmonic 
components in variations of mercury flow with periods 7.8; 
11.8; 23.4 h and 13.6 day which coincide with periods of the 
tide oscillations, caused by gravitational forces among Earth-
Moon-Sun.  

High sensitivity of monitoring allows detect the earthquake 
precursors as sharp increasing of Hg flow. The real earthquake 
precursor for magnitude 3 and distance from epicenter 15-20 
km demonstrated 5-fold rise of mercury flow 29 h before and 
90-fold rise 19 h before earthquake. The duration of precursors 
was usually 6-10 h. Implementation of the method in several 
points could allow estimate the time and intensity of 
earthquakes. 
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Local technogenic geochemical anomalies are formed in 

the area of mining and smelters. Such sites can be seen as 
natural-technogenic testing areas for studying processes of 
involvement of chemicals in natural migratory flows. The 
Karabash technogenic anomaly which was being formed 
around the large copper smelter plant is precisely such testing 
area. It gives a unique opportunity to study the degradation and 
restoration of the environment under changing technogenic 
load. 

During its existence the Karabash Cu smelter plant emitted 
into the atmosphere more than 10 million tones of toxic 
substances – SO2, dust, heavy metals. In 1989 the smelter 
plant was stopped, but in 1998 it was started up again and 
currently it intensively upgraded. The modernization of smelter 
led to considerable reduction of emissions, but they remain 
sufficiently high. The most dangerous emissions are sulphur 
dioxide (SO2) (76% of total), and dust (19,2%). The area 
continues to suffer also from wastewater and acidic drains 
from abandoned mines. 

The main goal of this work is to assess and characterize 
distribution (the fallout spots) of heavy metal(oid)s around the 
Karabash Cu smelter plant after its reconstruction. The main 
object is Serebry Lake in 4 km from the source of emission. 
Polluters come with atmospheric precipitations and washout 
from watershed area. 

According to the results of field studies by 2010-2013 were 
determined the enrichment of rain water as a result of smelter 
emissions, concentrations of heavy metal(oid)s in soils, 
distribution and accumulation of elements in lake water and 
bottom sediments. The assessment of contamination of soil and 
upper layer of bottom sediments showed extremely high 
concentrations of heavy metals, especially Hg, Pb, Zn, Cd, Cu 
and As (ZC > 200). Bioavailability was evaluated on the basis 
of distribution of elements in tissues, kidney and liver of lake 
fish. 
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Hydroxyl (OH) contents of apatites from lunar basalts are 

commonly used to estimate the water-budget for portions of 
the Moon, resulting in a wide range of estimated water 
contents from ppb to ~1 wt%. But, we call into question the 
significance of previous estimates, which have not properly 
considered the complex mineralogy and petrology of apatites.  

We demonstrate that mesostasis pockets within lunar 
basalts represent isolated heterogeneous systems that have 
evolved independent of each other, each displaying distinct 
ranges in OH contents. For example, the OH of different 
apatites in a single thin-section can vary by a factor of 5 and by 
>10 within one rock. In addition, we note that apatites within 
these mesostasis pockets typically crystallized from two (2) K-
rich and REEP-rich melts, which form during a late-stage, 
silicate-liquid immiscibility (SLI). These melts are a product of 
the Fenner-trend fractional crystallization of typical lunar 
magmas at low fO2 (e.g., < IW). Apatites which crystallize in 
equilibrium with these two immiscible melts require an 
additional set of OH-partition coefficients when back-
calculating magmatic water contents. These caculations are 
further complicated by the fact that there is an additional OH-
bearing phosphate mineral in lunar rocks: whitlockite - 
Ca18Mg2(PO4)12[PO3(OH)]2 – which contains >100 ppm OH, in 
addition to anhydrous merrillite - Ca18Na2Mg2(PO4)14.  

These critical considerations have largely been over-
looked in studies to date: 1) OH phases in heterogeneous 
mesostasis; 2) phosphate phases formed by SLI; and 3) more 
than one OH-bearing phosphate – i.e., whitlockite & apatite. 
There is dire need for pertinent investigations. The lack of 
integration of these factors into any OH-modeling for 
phosphate minerals casts serious doubt on many published OH 
contents of lunar parental magmas and subsequently water 
estimates of the mantle, LMO (lunar magma ocean), and 
indeed, the whole-Moon.  

Importantly, we call into question the validity of the OH-
based water-models of Mars, based upon OH-measurements of 
Martian or other planetary “apatites”, without consid-erations 
of these critical and possibly mitigating factors.  
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The zirconium content of rutile, where equilibrated with 

quartz and zircon, is an experimentally well-established 
thermometer. However application of this thermometer to 
metamorphic rocks of the hotter realms of the granulite facies, 
where it routinely returns temperatures in excess of 900°C, 
raises some troubling questions. Firstly, diffusion data for 
zirconium in rutile imply that high temperature thermometric 
signatures should be difficult to retain under plausible rates of 
cooling. Secondly, observations from natural samples include 
large, inter-grain ranges of rutile zirconium contents 
uncorrelated with rutile grain size, and flat zirconium profiles 
across individual rutile grains. Such observations are counter 
to what would be expected from diffusive closure of 
zirconium. We propose that the observed zirconium in rutile 
behaviour in granulite facies rocks can be accounted for by a 
combination of sluggish grain boundary diffusion, the 
difficulty of zircon nucleation (either adjacent or as lamellae), 
and high temperature diffusive closure of silica in rutile. As a 
consequence of the ideas presented, it is suggested that 
zirconium-in-rutile thermometric results on high-grade 
metamorphic rocks are unlikely to be suitable for cooling rate 
estimation. 
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At about 300 Ma, the emplacement of Fe-K subalkaline 

granites in the Central Iberian Zone was controlled by the 
brittle phase of deformation (D4). The Lamas de Olo (LO) 
granite, with ~297 Ma old (ID-TIMS U-Pb on zircon and 
monazite), is one of those examples. The LO granite is a 
medium- to coarse-grained, porphyritic biotite granite, which 
crops out in a rounded pluton, controlled by NE-SW and NW-
SE fracture systems. The LO granite consists of quartz, 
microcline, zoned plagioclase (An35-An12), biotite, zircon, 
tourmaline, apatite, monazite, ilmenite, magnetite, rutile and 
rarely allanite and xenotime. It shows an ASI variable between 
1.05 and 1.15 and signatures of (87Sr/86Sr)i = 0.7038 to 
0.7045 and εNd = -1.7 to -0.6, suggesting the involvement of 
mid-crustal sources, probably mixed with asthenospheric 
material, in its origin. The U and Th average contents of the 
LO granite are 9.6 ppm and 17.0 ppm, respectively. These 
values are higher than the crustal average, showing a 
significant radon potential. SEM and electron microprobe 
studies indicate that U and Th are mainly concentrated in 
zircon, monazite, allanite and xenotime. The radioactive 
background of LO granite has been assessed using a gamma-
ray portable spectrometer, which have shown differences in 
their U (7-20 ppm) and Th (17-28 ppm) contents that are in 
agreement with the whole rock analytical data. In the LO 
granite an average gamma ray flux of 143 ηGy/h was 
measured with the detector 1 m above the rock. The LO granite 
pluton is cut by E-W trending fractures, commonly affected by 
episienitization processes. In these E-W fractures there is a 
moderate U enrichment (21.8 ppm) and gamma ray fluxes up 
to 220.4 ηGy/h. The U and Th contents of the LO granite are 
well correlated with indoor radon concentrations measured in 
four dwellings with CR-39 passive detectors. The average 
radon levels (145 Bq.m-3) not exceed the indoor radon 
recommended value of 200 Bq/m3, suggesting that the LO 
granite presents a moderate radon risk in dwellings. 
Acknowledgements: Thanks are due to Petrochron project 
(PTDC/CTE-GIX/112561/2009) and Geosciences Center. 
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The Sabugal area is located within the autochthonous 

terrane of the Central Iberian Zone. During the third 
deformation phase (D3) of the Variscan orogeny, constrained 
between ~315 Ma and 305 Ma, large volumes of S-type two-
micas granites intruded the Precambrian to Cambrian 
formations from the Douro Group, which mainly consist of 
phyllites and metagraywackes. The medium-grained 
porphyritic granite G1 is syn- to late-D3, whereas the medium-
grained slightly porphyritic granite (G4), a fine- to medium-
grained porphyritic granite (G5) and a coarse-grained 
porphyritic granite (G6) are late-D3. Some magmatic zircons 
from granites G5 and G6 have positive εHft values (up to +6), 
suggesting mixing of a mantle-derived magma with lower crust 
components or the involvement of a newly formed lower 
continental crust. Other magmatic zircons from granites G1, 
G4, G5 and G6 have negative εHft values (-8 to -0.1), which 
suggest three hypothesis for their origins: a) melting of an old 
crust; b) melting of a heterogeneous crust; c) contamination of 
mantle-derived magmas by crustal components. Alternatively, 
the significant variable Hf isotope compositions of the four 
granites can be explained by the decoupled release of zircon Hf 
and non-zircon Hf from single crust-derived magma sources. 
Furthermore, the average εHf300 of detrital zircons from the 
metagraywacke of Sabugal (ca. -‐25) is less radiogenic than that 
of magmatic zircons of granite G5 (ca. -‐1), suggesting that the 
host metagraywacke could not have been involved in its 
genesis. Therefore, the contribution of other sources must be 
considered, as it is suggested by the presence of mafic 
microgranular enclaves in granite G5. The inherited zircon 
cores of the granite G5 can be interpreted as a contaminant 
during ascent and emplacement, but not a source for the 
granitic melt. Acknowledgements: Thanks are due to 
Petrochron project (PTDC/CTE-GIX/112561/2009). 
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Vanadium (V) is a necessary trace element, which has also 

been shown to reduce the risk of breast cancer and alleviate 
cardiomyopathy complications from diabetes. At higher 
concentrations, however, V(V) impedes the functionality of 
Na+/K+-dependent ATPase and may also reduce photosynthetic 
rates in phytoplankton. In nature, V exists both as oxyanions 
and oxycations depending on its oxidation state. In oxic natural 
waters, the pentavalent V predominates, occurring as the 
vanadate oxyanion (e.g. H2VO4

-, HVO4 2-), whereas the 
tetravalent form of V is found in more reducing waters as the 
vanadyl oxycation (e.g. VO2+, V(OH)3

+). Trivalent V also 
exists but is unlikely in aqueous solution. Although a number 
of studies have examined V in rivers, estuaries, and the ocean, 
the geochemistry of V in aquifer systems is poorly known. 
Here, V concentrations are presented for groundwater from 
two relatively well characterized, but geochemically different 
aquifer systems: the Oasis Valley aquifer (Nevada) and the 
Carrizo Sand aquifer (Texas). The Oasis Valley aquifer is a 
shallow, alluvial aquifer with oxic, alkaline groundwaters, 
whereas groundwater from the Carrizo sand aquifer is 
generally anoxic and becomes sulfidic. The behavior of V 
along the flow path in these two aquifer systems is described 
as a function of the important geochemical reactions (e.g. 
redox, dissolution of aquifer materials, adsorption/desorption 
from mineral surfaces) that occur. Geochemical modeling 
predicts that V occurs as the vanadate oxyanion in Oasis 
Valley groundwaters, which is relatively stable in solution 
along the entire flowpath. Concentrations of V increase down 
the flow gradient, likely due to dissolution of volcanic glasses 
and pH-induced desorption from mineral surfaces. In the 
Carrizo Aquifer, redox conditions change along the flowpath, 
becoming progressively more reducing farther from the point 
of recharge. Vanadium concentrations rapidly decrease about 7 
km beyond the recharge zone, and subsequently remain low 
(0.21 nM) along the remainder of the studied flow path. 
Geochemical modeling predicts that V chiefly occurs as the 
vanadyl cation in Carrizo Sand groundwaters. Vanadyl is 
strongly adsorbed onto mineral surface sites as pH increases 
along the groundwater flow path owing to silicate weathering, 
microbial respiration, and calcite dissolution.  
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The nucleation of SrSO4 and SrCO3 was studied from the 

supersaturation ratio Ω 1.26 to 31.63 with varying the 
temperature from 278.15 to 348.15 K in the ionic strength 
range up to 3 mol/l. Different Ω levels were achieved by 
mixing equimolar aqueous solutions of SrCl2 and 
Na2SO4/Na2CO3 and the ionic strength was adjusted by 
addition of NaCl. Induction times (tind) and critical 
supersaturations (Ωcrit) were determined by laser induced 
breakdown detection –LIBD-. Interfacial tensions, γ, were 
calculated for Ω range where the nucleation occurred 
homogeneously. tind were shortened by the increase of Ω, ionic 
strength, temperature and by the presence of spherical glass 
beads (Sigmund Lindner, Microglass beads type S) as 
heterogeneous seed material. Contrarily, dissolved silicon acts 
as a nucleation inhibitor, thus contributing to the prolongation 
of tind. At low Ω, nucleation occurs predominantly via a 
heterogeneous mechanism, in which impurities present in the 
solution play the role of seeds and act as growth sites. 
According to LIBD measurements, impurities were smaller 
than 20 nm in size and their maximum background 
concentration was 1 ppb in all experiments. At higher Ω, 3D-
nucleation becomes the most important nucleation mechanism. 

Growth experiments were performed in mixed flow 
reactors (MFR) in the presence of seed crystals of SrSO4 and 
SrCO3 (Alfa Aesar, puratronic; N2-BET; SrSO4, 0.5252 m²/g; 
SrCO3, 1.152 m²/g). Rates of precipitation, r, were determined 
from the concentration-time profiles of eluat analysis and can 
be expressed in the predominance area of surface-controlled 
growth as follows: 

rstrontianite = (1.01 ± 0.12)*10-9[Ω0.95-1]1.0 ± 0.05
  

rcelestite = (9.45 ± 0.21)*10-7[Ω-1] 
Furthermore, the influence of kinetic parameters on the 

fate of An3+/Ln3+ in SrCO3 and SrSO4 was investigated. 
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In CR3 chondrites, FeO-poor chondrules measured by 
SIMS [1] have δ18,17O values on the slope ~1 primitive 
chondrule mineral (PCM) line [2]. They are 16O-poor relative 
to the bulk Solar System estimate [3], but 16O-rich relative to O 
associated with H2O [4] and organics [5] in CR chondrites. 
Δ17O values systematically increase from ‒6 to ~‒1 ‰ as 
chondrule Mg# decreases from 99.2 to ~96. The Mg# range 
implies fO2 varied by 1.1 log units in the chondrule-forming 
environment (IW ‒3.6 to IW ‒2.5, respectively; e.g. [6]), 
suggesting addition of oxidizing 16O-poor H2O to the highest 
Mg# chondrule precursors as a mechanism to form lower Mg# 
chondrules [7]. Using existing equilibrium condensation 
models and an O-isotope mass balance we examine if the CR3 
chondrule Mg#-Δ17O trend can be explained by precursors 
variably mixed in Solar gas and a CI chondrite composition 
split into silicate, organic, and H2O components. In the model, 
ratios of atomic H, O, and C, in assemblages, dependent on the 
degree of enrichment in dust, H2O, and organics, determine fO2 
during chondrule-formation [e.g. 6]. We assigned O-isotope 
ratios of precursor components, based on 
measurements/estimates [1,3,5], allowing for quantifying 
model parameters that match the observed CR3 chondrule 
trend. Our model predicts FeO-poor CR3 chondrules formed at 
dust enrichments of 100-200×, from dusts with 0 to 0.8 times 
the amount of H2O in CI chondrites 
 
[1] Tenner et al (2012) 43rd LPSC #2127. [2] Ushikubo et al 
(2012) GCA 90, 242-264. [3] McKeegan et al (2011) Science 
332, 1528-1532. [4] Clatyon & Mayeda (1999) GCA 63, 2089-
2104. [5] Hashizume et al (2011) Nature Geosci. 4, 165-168. 
[6] Ebel & Grossman (2000) GCA 64, 339-366. [7] Connolly 
& Huss (2010) GCA 74, 2473-2483. 
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Aqueous iron-sulfur clusters (FeS(aq)), where water 

molecules are molecularly coordinated to the ferrous high-spin 
irons, are of extreme interest in Origin of Life theories. 
Together with iron-sulfur minerals, it has been postulated that 
FeS(aq) would be capable of synthesising simple organic 
molecules on the early Earth, while the underlying mechanism, 
based on the reduction of CO2, suggests that they may have a 
modern role as catalysts for CO2 conversion [1, 2]. 

The study of transition metal compounds, due to strong 
correlation effects, represents a challenge for density 
functional theory (DFT). One possibility of improving their 
description is offered by the DFT+U approach, in which the 
strongly correlated electrons are treated with the addition of a 
Hubbard correction. 

Here, we present a DFT+U investigation of the all-ferrous 
Fe2S2 cluster in aqueous solution (Fe2S2(aq)), which is thought 
to be the building unit of the first condensed mackinawite 
mineral. Compared to standard DFT, the geometry of Fe2S2(aq) 
resulting from DFT+U agrees better with the X-ray diffraction 
structure, while the magnetic coupling between the two irons is 
in line with that estimated from Mössbauer data [3]. Molecular 
dynamics trajectories predict Fe2S2(aq) to be stable in water, 
regardless of the introduction of the U correction. In spite of 
this, significant differences arise in the geometry, hydration, 
and magnetic coupling of the solvated clusters. 
 
[1] Wachtershauser, (1988) Microbiol. Rev., 52, 452. [2] 
Russell & Martin, (2004) Trends Biochem. Sci., 29, 358. [3] 
Albers et Al., (2013) J. Am. Chem. Soc., 135, 1704. 
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Aqueous iron-sulfur clusters (FeS(aq)), where water 

molecules are molecularly coordinated to the ferrous high-spin 
irons, are of extreme interest in Origin of Life theories. 
Together with iron-sulfur minerals, it has been postulated that 
FeS(aq) would be capable of synthesising simple organic 
molecules on the early Earth, while the underlying mechanism, 
based on the reduction of CO2, suggests that they may have a 
modern role as catalysts for CO2 conversion [1, 2]. 

Despite the environmental importance of FeS(aq), we 
know little about their nucleation in aqueous solution and the 
subsequent growth of the first condensed mackinawite phase. 
For instance, the stoichiometry and size of FeS(aq) are still a 
matter of debate, while the stability constants for the 
complexes reported in the literature are often controversial [3]. 
Here, we employ accurate molecular dynamics simulations to 
study the behaviour of FeS(aq) in water. First, we determine 
the structures and the hydration shells of a number of FeS(aq). 
Then, for the smallest units, we investigate the free energy 
profiles along the reaction coordinate of nucleation. Particular 
emphasis is given to the aqueous Fe2S2 cluster (Fe2S2(aq)), 
which, due to its similarity to the building unit of mackinawite, 
is thought to have a major role in the nucleation [3]. Finally, 
we discuss the effects caused by the replacement of Fe with Ni 
atoms, abundantly present in the Hadean ocean. 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 1: Snapshot from the molecular dynamics trajectory of 
Fe2S2(aq). 
 
[1] Wachtershauser G., (1988) Microbiol. Rev., 52, 452  
[2] Russell & Martin, (2004) Trends Biochem. Sci., 29, 358 [3] 
Rickard & Luther, (2007) Chem. Rev., 107, 514 
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Sampling and methods 

Pilot Re-Os study on crude oil samples from Canning basin 
in Western Australia (WA) has been performed in order to test 
the suitability of Re-Os isotope system for geochronology and 
sources fingerprinting. The samples come from Dodonea, 
Sundown and Blina fields within Canning basin. The reservoir 
ages for these fields range from Ordovician to Carboniferous.  

The asphaltene fraction was extracted from crude oil 
samples in order to pre-concentarte the Re and Os, and then 
these fractions were used for Re-Os chemistry as desribed in 
[1] using Carious tube tecnique, followed by N-TIMS analysis 
at Alberta University.  

From twelve samples of WA oil studied, only three 
returned the results because of quite low Re-Os abundances in 
separated asphaltines, in a range of up to 1 ppb for rhenium 
and tens of ppt for osmium. This is quite low compare to 
Canadian oils, which usually show about an order of 
magnitude higher abundances of these metals. Higher Re and 
Os contents in Canadian oils correlate with markedly higher 
nickel and vanadium abundances [2]. 
Applications for geochronology and oil sources 

Our preliminary data show a good fit with the basin ages 
using geologically reasonable initial Os ratios varying from 
depleted mantle-like ratio of 0.12 for Ordovician samples to 
the more evolved ratio of 0.4, corresponding to the Os isotopic 
composition of Late Devonian seawater [3]. Interestingly, the 
Ordovicial oil from Canning basin show more depleted source 
according to carbon isotope composition (∼-31‰ δ13C) as 
well, trending towards more enriched marine compositions for 
Devonian-Carboniferous parts of the basin (-27 to -29 ‰ δ13C) 
[4]. As a conclusion, the study involving more samples shows 
a good potential for both geochronology and source 
fingerprinting of WA oils. 

 
[1] Selby et al (2007) GCA 71, 376-386. [2] Maslen (2010) 
Curtin University PhD thesis. [3] Turgeon et al (2007) EPSL 
261, 649-661. [4] Maslen et al (2011) Org Geochem 42, 387-
398. 
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The sedimentary record of the Cretaceous Western Interior 

Seaway is characterized by periods of enhanced organic carbon 
burial known as Oceanic Anoxic Events (OAEs). The most 
studied of these events, OAE 2, is associated with a 2-4‰ 
inorganic carbon isotope excursion. Despite the fact that in 
some regions the organic carbon flux during the later 
Coniacian-Santonian OAE 3 (~86 Ma) is up to twice as large 
as that of OAE 2, its designation as an OAE has been debated, 
in part because previously documented inorganic carbon 
isotopic excursions for the event are relatively small (<0.5‰) 
[1,2]. 

Here we present new high-resolution inorganic carbon 
isotope records from the Coniacian-Santonian event (OAE III) 
of the Niobrara Formation recovered in the USGS #1 Portland 
core from Canon City Basin, Colorado and the Amoco 
Rebecca K. Bounds core recovered from Greeley County, 
Kansas. Both records exhibit abrupt >1‰ positive isotope 
excursions at the onset of carbon burial superimposed on larger 
>2‰ isotope trends. Comparison of these records with 
previously published seaway carbon isotope records indicates 
regional variations in carbon burial. Trace metal records (Mo, 
Re, Cd, Mn) indicate variable bottom water oxygenation and 
changing carbon burial mechanisms throughout OAE 3.  
 
[1] Pratt et al (1993) Geological Association of Canada, 
Special Paper 39, 333-354. [2] Jarvis et al [2006] Geol Mag 
143, 561-608. 
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Oxygen stable isotope compositions of carbonates are 

widely used to provide information on their conditions of 
precipitation. Most carbonates result from a biological activity, 
which in the case of some skeleton-forming eukaryotic 
organisms has been shown to lead to isotopic characteristics 
that differ from those expected for isotope equilibrium. The 
origin of this difference remains poorly understood and is 
referred to as the “vital effect”. It could be a tracer for the deep 
microbial communities as it is likely that those microbial 
communities precipitate carbonates in the subsurface.  

So far, potential microbial vital effects have been 
overlooked and microbial carbonation is considered from an 
oxygen isotope perspective as occurring at equilibrium with 
water. We revisit this assumption by performing an isotope 
study of carbonates precipitation by the strain Sporosarcina 
pasteurii, a bacterial model of carbonatogen metabolisms. Its 
ureolytic activity produces ammonia (thus increasing the pH) 
and dissolved inorganic carbon (DIC) that precipitates as solid 
carbonates. δ18OCaCO3 results show values up to 20‰ lower 
than what was expected for carbonate precipitation in 
equilibrium with water. The addition of carbonic anhydrase, an 
enzyme able to equilibrate the oxygen isotopes between DIC 
and water, yields equilibrium values. This demonstrates that 
bacteria may precipitate carbonates with a vital effect and 
highlights the potential of O isotopes as proxies to identify 
biogenic subsurface carbonates. 
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It is now widely accepted that human activities affect the 
structure and functioning of coastal ecosystems. One of the 
most significant consequences are related to changes in 
nutrient input that can induce changes of trophic conditions (up 
to eutrophication) and disturbances of phytoplankton 
dynamics, keystone of the functioning of coastal ecosystems. 
This includes changes in primary production levels, in bloom 
frequency, and in the composition of microalgal communities. 

However, this global outlook conceals major temporal and 
spatial disparities. As conventional monitoring time-series are 
quite sparse and scattered, biological records of environmental 
variability are relevant tools to gain insight into phytoplankton 
dynamics over larger temporal and spatial scales. In this 
context, bivalve mollusk shells, and especially scallops 
(Pectinidae), appear as valuable biogenic archives as they form 
their external calcium carbonate skeleton periodically, leading 
to the formation of concentric growth lines that can be used as 
chronological landmarks. 

Here, we present results of a interdisciplinary project 
dealing with geochemical information archived in shells of the 
great scallop Pecten maximus in the Bay of Brest (France). 
This species is known to form daily growth lines between 
March and November visible on its shell surface. An extensive 
1-year environmental survey of physical, chemical and 
biological parameters was carried out in 2011 with a weekly 
resolution, at the exact location of a large scallop population. 
Several scallops were then collected at the end of this survey 
and analyzed for their shell geochemical composition. We 
focus here on results dealing with barium and molybdenum 
concentration, and carbon isotope composition of seawater 
(dissolved and particulate phases) and shells (analyzed using 
LA-HR-ICP-MS). These results highlight that phytoplankton 
dynamics can explain the incorporation of these elements and 
isotopes in shells, that can in turn be used as proxies and 
archives for ecological processes in coastal waters. 
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Introduction: Tellurium (Te) is a metalloid element used 

for a variety of industrial applications including metallurgy, 
chemical manufacturing, electronics, and nanotechnology. The 
disposal of mine tailing and tellurium-containing wastes has 
led to an increase in environmental contamination. When 
released into the environment, tellurium undergoes redox 
transformations and can be mobilized as the dissolved Te 
oxyanions tellurate [Te(VI), TeO4

2-] and tellurite [Te(IV), 
TeO3

2-]. Bacteria are known to catalyze the reduction of toxic 
tellurite into sparingly soluble and less toxic elemental 
tellurium [Te(0)]. Currently, the genetic identity and cofactor 
composition of enzymes that catalyze bacterial tellurate 
reduction are unknown. In this study, we examined the 
tellurate reduction activity of E. coli mutants that were 
impaired in molybdenum metabolism and were unable to form 
molybdenum-containing enzymes.  

Materials and Methods: Experiments were carried out to 
investigate the reduction of Te(VI) to Te(0) by the E. coli K-12 
wild type strain and mutants carrying single mutations in the 
molybdopterin biosynthesis (moa-mog) and molybdate 
transporter (modABC) gene systems. Cultures were grown in 
LB media containing 50 µM Na2TeO4. Samples were taken 
then at periodic intervals, and the black Te(0) precipitate 
formed by the cells were removed by filtration (0.45 μm). The 
total dissolved tellurium remaining in the media was analyzed 
using Inductively Coupled Plasma Optical Emission 
Spectrometry. Genetic complementation by the wild-type 
sequences was also performed to restore activity in the mutant 
strains that lost the ability to reduce Te(VI). 

Results and Discussion: E. coli K-12 wild type cells 
reduced over 70% of the Te(VI) to Te(0) within 48 h. 
Conversely, mutants carrying deletions of the moaA, moaB, 
moaE, or mog gene in the molybdopterin biosynthesis pathway 
lost the ability to reduce tellurate. Deletion of the modB or 
modC genes in the molybdate transport pathway also resulted 
in complete loss of tellurate reduction activity. Genetic 
complementation by the wild-type sequences restored tellurate 
reduction activity in the mutant strains. These results provide 
genetic evidence that tellurate reduction in E. coli is catalyzed 
by a molybdenum-containing protein.  
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Introduction: The redox cycling of selenium in aquatic 

environments is strongly affected by microbial activity. 
Citrobacter freudii is a facultative anaerobic bacterium found 
in freshwater that is known to reduce selenate. The 
mechanisms involved in Se(VI) reduction by C. freundii are 
currently poorly understood. In this study, we conducted 
selenate reduction experiments and sequenced the genome of 
C. freundii to investigate the molecular basis of selenate 
reduction.  

Materials and Methods: Experiments were conducted to 
monitor selenate reduction by C. freundii during growth on 
citrate as the carbon source. The concentrations of selenate, 
dissolved oxygen and protein biomass were monitored over 
time. Selenium reduction products were analyzed using X-ray 
absorption spectroscopy. DNA was extracted from C. freundii 
and PCR primers were designed to amplify the functional 
selenate reductase gene ynfE. To sequence the genome of C. 
freundii, a paired end library was constructed using an Illumina 
Nextera kit, and sequencing was performed using an Illumina 
Genome Analyzer IIX. Sequence assembly was performed 
using CLC Genomics Workbench 5.1. Gene annotation and 
protein sequence analysis was performed based on NCBI 
database and BLAST.  

Results and Discussion: The results indicate that C. 
freundii catalyzes the reduction of selenate to elemental 
selenium in the absence of oxygen. We detected the functional 
selenate reductase gene ynfE, which is predicted to encode for 
a molybdenum-binding Tat-secreted protein. A FNR binding 
site was located immediately upstream of the ynfE gene 
suggesting the expression of the selenate reductase occurs 
under anaerobic conditions and is regulated by oxygen-sensing 
transcription factors. The genome analysis revealed the 
complete selenate reductase operon ynfEGHdmsD, showing 
high sequence identity to selenate reductases found in related 
gammaproteobacteria. Genes for molybdate uptake, 
molybdopterin guanine dinucleotide biosynthesis, twin 
arginine translocation, and FNR regulation were also identified 
in the genome sequence. Based on the experimental results and 
genome sequence, we developed a molecular model to 
describe anaerobic selenate reduction in C. freundii.  
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Current models of melt generation in Iceland stress the role 

of mixing between fractional melts in the melting column, with 
primary evidence coming from large incompatible element and 
isotopic heterogeneity in melt inclusions (MI) hosted by 
primitive olivines in single lavas [e.g.1]. We report trace 
element data for some 2000 olivine phenocrysts from Icelandic 
lavas, that includes analysis of Zr and Y in the range 3-100ppb, 
at 5σ detection limits of ~1ppb. Reproducibility is better than 
10% 2sd for >10ppb Zr. Rock samples with simple chemistry 
show systematic Ti, Zr and Y increases with decreasing Fo 
(e.g. 50% increase from Fo87-84), reflecting increase in either 
equilibrium melt concentrations and/or the partition 
coefficents. Zr/Y and Zr/Ti ratios remain constant suggesting 
that, at least over a limited Fo range, they can be used as 
indicators of the incompatible element chemistry of the 
magmas that crystallized the olivines. 

Olivines that host highly variable MI are largely restricted 
to small-volume picrites strongly depleted in LREE, with 
much lower Zr/Y (1.0-1.3) than more typical mildly LREE-
enriched tholeiites (3.0-4.7). Olivines from the former have 
much lower Zr/Y (0.05-0.15, cf. 0.22-0.37 in LREE-enriched 
lavas), although a few olivines in each have higher and lower 
Zr/Y respectively. Two picrites with very heterogeneous MI 
also have heterogeneous olivines, and in one, known to have 
variable MI Pb isotopes [1], the olivine chemistry varies 
sympathetically with MI chemistry. These, and many other, 
picrites also contain An83-88 plagioclase crystals. Some have 
low La, Ba, Sr in equilibrium with their LREE- and Ba-
depleted hosts, but most have La, Ba and Sr similar to 
plagioclase in the normal LREE-enriched tholeiites. Some 
show a thin outer zone with near-equilibrium Ba, La, Sr. These 
plagioclases undoubtedly did not grow in the melting column 
but represent xenocrysts from normal tholeiites in the Icelandic 
crust. We suggest that the olivines from depleted lavas that 
host LREE-enriched MI may also represent crustal xenocrysts. 
Forsterite contents around 90mol% in these may simply 
represent diffusive equilibration of Fe/Mg with the host melt, 
known to be 4 orders of magnitude faster than Ca/Na 
equilibration in plagioclase. In one picrite that contains gabbro 
xenoliths, olivine shows decreasing δ18O with Fo and 
increasing Zr/Y, supporting a xenocryst origin. 
 
[1] Maclennan 2008. Geochim Cosmochim Acta 72, 4159 
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Hydrothermal systems serve as natural laboratories to 

investigate the fluid-rock interactions that modify magmatic 
CO2 fluxes to the atmosphere and affect groundwater quality. 
Here we present interpretations on CO2-rich (> 4 mmol/kg 
ΣCO2(aq)) low-temperature (≤180 °C) basaltic geothermal areas 
in Iceland and new data on the metasomatic processes that 
mobilize trace elements to the fluid phase and sequester CO2 
through carbonate mineralization. Geothermal waters and 
gases from the Snæfellsnes Volcanic Zone, near the 
Torfajökull central volcano and within the South Iceland 
Seismic Zone contain up to ~80 mmol/kg ΣCO2(aq) and 7 bar 
PCO2, which is up to 2 orders of magnitude greater than 
Icelandic geothermal systems of similar temperature. Based on 
stable isotope compositions (δD and δ18O) the fluids are of 
meteoric origin, and have experienced varying degrees of 
isotope exchange due to high temperature water-rock 
interaction. Gas phase carbon isotope (δ13C) values are 
consistent with a magmatic source for CO2. Dissolved cation 
concentrations indicate that the CO2-rich fluids enhance 
silicate mineral dissolution, but the concentrations of 
carbonate-forming divalent cations Ca2+, Mg2+, and Fe2+ 
decrease with increasing temperature, potentially indicating 
removal by carbonate precipitation. The aqueous 
concentrations of metals and metalloids of environmental 
concern (e.g., As, Ni) are above the World Health 
Organization guideline for safe drinking water in several 
samples. A potential sink for the trace metal(loids) is the 
incorporation within or adsorption to Fe-rich calcite/aragonite 
travertine deposits or Fe(III) (oxy)hydroxides that precipitate 
at spring discharge sites. Such deposits contain more than 65 
ppm As and 28 ppm Ni. Petrographic study of drill cuttings 
from wells in CO2-rich areas indicates that the sites have 
undergone initial high-temperature and subsequent low-
temperature alteration, including calcite precipitation. Our 
results have implications for predicting the mineral products of 
low-temperature carbon capture and storage and the 
environmental effects of potential leakage scenarios.  
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Reconstructions of precipitation isotope variability on 
orbital time scales inform how precipitation responds to large 
variations in forcing mechanisms (e.g., insolation, ice volume, 
greenhouse gases). We present two 300-kyr-long, millennial-
resolution Pleistocene records of leaf wax hydrogen isotopes 
(δ2Hwax) from the South China Sea and from the Chinese Loess 
Plateau. These two precipitation 2H records contain contrasting 
seasonality (year-round in subtropical southern China, spring 
and summer in central China) and thus provide insights into 
seasonal variability that previously confounded interpretations 
of isotope records in monsoon regions. δ2Hwax has been widely 
used as a proxy for precipitation δ2H. Precipitation δ2H 
changes in response to changes in source region and transport 
history. Using an isotope-enabled simulation of the 
Community Climate Systemm Model, we determine that 
precipitation δ2H is also affected by local condensation 
temperature on orbital time scales. We account for the 
temperature effect using independent temperature proxies: 
alkenones in South China Sea sediments and glycerol dialkyl 
glycerol tetraethers in the loess. We find that precipitation δ2H 
in southern China is primarily affected by far-traveled winter 
precipitation and summer monsoon transport. In central China, 
precipitation δ2H is influenced by both local precipitation 
recycling as well as summer monsoon transport. Ice volume 
influences precipitation δ2H in both regions during glacial 
periods, whereas insolation is the main mechanism causing 
precipitation δ2H variability during interglacials. These 
findings have implications for understanding climate forcing 
mechanisms in Asia, and provide reliable benchmarks for 
validating isotope-enabled climate models designed to predict 
hydroclimatic changes in monsoon regions. 
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Long Island Sound (LIS), east of New York City, has seen 
dramatic environmental changes since European settlement in 
the 1600s, which is reflected in sediment cores. Pollen records 
show the effects of clear cutting by European colonists, which 
increased the sediment flux. Hypoxia (proxied by carbon 
isotope values in benthic foraminifera) started in the early 
1800s, and the bottom water salinity of western LIS (proxied 
by oxygen isotope values in benthic foraminifera) dropped by 
several psu, due to enhanced run-off through land use changes 
and fresh water influx from waste-water treatment plants. N-
isotope records indicate influx of sewage-derived N through an 
increase in δ15N around the mid-19th century. Enhanced 
nitrogen fluxes led to increased marine productivity, reflected 
in strongly increased mass accumulation rates of marine 
organic carbon (by a factor 5-8) and biogenic silica. The ratio 
of planktic to benthic diatom species increased, probably a 
result of increased water column turbidity, and relative 
abundance of heterotroph dinocysts increased. With the 
increased productivity came higher benthic foraminiferal 
accumulation rates, and an increase in relative abundance of 
the diatom-consuming species Elphidium excavatum. In the 
1960s-1970s E. excavatum was largely replaced in abundance 
in western LIS by the omnivorous foraminifer Ammonia 
parkinsoniana. This dramatic change may reflect a switch 
from N-limitation to Si-limitation for primary productivity, 
seen in decreasing mass accumulation rates of biogenic silica, 
and changes in the dominant primary producers may have 
reverberated through the ecosystem. With the advance of 
industrial society and increasing population density around LIS 
came metal pollution (Hg, Cu, Zn, Cd, and Cr), sourced from 
waste water treatment plants and metal industries (brass 
foundries). For Hg, local sources include the hat making 
industry. These industries have now largely left Connecticut 
but strongly polluted sediments on land are eroded and 
transported into the Sound, especially during flood events. 
Multi proxy records from estuarine cores thus document the 
human influence on coastal environments and ecosystems. 
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Introduction 

The bacterial biouptake of Hg(II) is an integral process in 
the bacterial production of methylmercury (MeHg) – a 
powerful neurotoxin that poses a threat to human health [1]. 
The formation of Hg(II) complexes with thiol-containing 
organic ligands in solution has been shown to control bacterial 
Hg(II) biouptake [2,3]. Yet, the influence of other organic 
ligands on Hg(II) biouptake is not well documented. Here, a 
model gram-negative bacterium (E. coli) with a 
chromosomally inserted mer-lux fusion was used to probe the 
biouptake of Hg(II) strongly complexed with synthetic and 
biogenic organic ligands. Additionally, Hg LIII-edge XANES 
spectroscopy was used to assess the binding environment of 
Hg(II) associated with the bioreporter cells under conditions 
relevant to biouptake experiments. 
Main Results 

Contrary to our expectations, we observed that all synthetic 
ligands studied (EDTA, EDDS, DTPA and NTA) facilitated 
Hg(II) biouptake. The biouptake of Hg(II) complexed with 
biogenic ligands (cysteine, penicillamine, and glutathione) was 
highly dependent on ligand concentration and type. Consistent 
with Hg(II) methylation experiments [3], Hg(II) biouptake was 
greatly enhanced in the presence of micromolar concentrations 
of cysteine and generally inhibited in the presence of 
penicillamine and glutathione. Bioreporter exposure to 
increasing concentrations of Hg(II) fully complexed with 
EDTA, DTPA, EDDS and cysteine shows the extent of uptake 
is dose-dependent until a plateau is reached. XANES spectra of 
Hg(II) associated with the bioreporter indicate that a ligand-
exchange occurs between Hg(II) complexed with synthetic 
ligands and membrane bound thiol moieties.  
Significance 

This study demonstrates that facilitated biouptake of Hg(II) 
complexed with organic ligands is not limited to biogenic 
ligands but occurs with synthetic ligands as well. The ability of 
thiols at the cell membrane to outcompete aqueous ligands 
with high Hg(II) affinities and bind Hg(II) has implications for 
Hg(II) biouptake and fate in the environment.  
 
[1] Hsu-Kim et al (2013) Environ Sci Technol 47, 2441-2456. 
[2] Schaefer et al (2011) PNAS USA 108, 8714-8719. [3] 
Schaefer & Morel (2009) Nat Geosci 2, 123-126. 
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Aqueous ferrous iron (Fe2+) is known to transfer electrons 

and exchange structural positions with solid-phase ferric (FeIII) 
atoms in many Fe minerals. However, this process has not 
been demonstrated in soils or sediments. In a 28-day sterile 
experiment, we reacted 57Fe-enriched aqueous Fe2+ 
(57/54Fe=5.884±0.003) with a tropical soil (natural abundance 
57/54Fe=0.363±0.004) under anoxic conditions and tracked 
57/54Fe in the aqueous phase and in sequential 0.5 M and 7 M 
HCl extractions targeting surface-adsorbed and bulk-soil Fe, 
respectively. In 28 days, the aqueous and bulk pools both 
moved ~7% toward the isotopic equilibrium (57/54Fe=1.33). The 
aqueous and surface Fe initially exchanged atoms fast (~100 
mmol kg-1 d-1) decreasing to a near constant rate of 1 mmol kg-

1 d-1 that was close to the 0.74 mmol kg-1 d-1 exchange-rate 
between the surface and bulk pools. Removing the effect of 
intial Fe2+(aq) adsorption using a process-based numerical 
model, we calculate final sorption-corrected 57/54Fe ratios of 
5.56±0.05 and 0.43±0.03 in the aqueous and bulk pools, 
respectively. Based on Mössbauer spectroscopy, we show that 
the 57Fe label re-crystallizes as short-range-ordered FeIII-
oxyhydroxides. Our work suggests Fe atom exchange occurs in 
natural environments at rates fast enough to impact ecological 
processes, but slow enough that changes in redox conditions 
will likely occur before complete Fe mineral turnover. 
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We present δ11B values for stratigraphically well-

constrained, well-characterized Late Ordovician brachiopod 
shells. Sample preservation was evaluated using petrographic 
and major and trace element analyses. Only samples with Sr 
concentrations >400 ppm were used and 87Sr/86Sr and δ11B 
values are consistent with previously published Late 
Ordovician [1,2] and Silurian values [2,3]. 

The end Ordovician is marked by large purturbations in the 
δ13C record [4], the 2nd largest extinction event in Earth history 
[5], and the onset of widespread glaciation. The glaciation may 
have resulted from a large-scale drawdown of CO2 [4]. We 
show that δ11B increases from ~11.6‰ to ~15‰ from the 
Maysvillian to Richmondian, which corresponds to changes in 
the δ13C record (Fig. 1). The short time scale of this change 
suggests that it is at least in part driven by changes in seawater 
pH. The data also suggest Ordovician seawater δ11B values are 
as much as 5‰ lower than today.  
  

 
Figure 1: Late Ordovician δ11B and δ13C. M = Maysvillian. 
 
[1] Veizer et al (1999) Chem. Geol. 161, 59-88. [2] Ma et al 
(2011) Sci China Earth Sci 54, 1912-1925. [3] Joachimski et al 
(2005) Geochim. Cosmochim. Acta 69, 4035-4044. [4] Kump 
et al (1999) Palaeogeo. Palaeoclimatol. Palaeoecol. 152, 173-
187. [5] Jablonski (1991) Science 253, 754-757. [6] Young et 
al (2009) Geol. 37, 951-954. 
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Iron-rich and anoxic (ferruginous) ecosystems are rare 
today, yet they dominated oceans for much of Earth’s history. 
Model founded estimates of nutrient supply rates suggest that 
Fe-based anoxygenic photosynthesis, photoferrotrophy, may 
have sustained global biological production in these 
ferruginous oceans [1]. The physiology and genetics of 
photoferrotrophy, however, remain poorly known, leaving 
open questions on the biogeochemical impact of 
photoferrotrophy, its ecological role, and its possible 
contribution to deposition of Banded Iron Formations. 

We have isolated the first axenic culture of 
photoferrotrophic green sulfur bacteria (GSB) from a 
ferruginous environment. This pelagic GSB strain originated 
from a freshwater volcanic basin, Kabuno Bay, East Africa. 
The Kabuno Bay strain (KBS) has 16S rDNA 99% similar to 
Chlorobium ferrooxidans strain KoFox. Unlike KoFox, KBS 
uses BChl e as its main antenna pigment, suggesting adaptation 
to low light conditions. Preliminary experiments revealed that 
KBS oxidizes Fe at a maximum rate of 54 µmol L-1 h-1 at a 
light intensity of 5 µE m-2 s-1 and with a half-saturation 
constant of <0.25 µE m-2 s-1. KBS oxidizes Fe down to 0.03 µE 
m-2 s-1, demonstrating photoferrotrophy at light intensities 
comparable to those used by low-light adapted sulfur oxidizing 
GSB from the Black Sea [2]. This result extends the 
demonstrated physiological limits of photoferrotrophy to 
include light levels typical for deepwater chemoclines. Our 
observations also suggest that KBS is endowed with a 
remarkable ability to avoid encrustration by its ferric Fe 
metabolic products. 
 
[1] Canfield, D. et al (2006) Phil. Trans. R. Soc. B 361, 1819-
1834; [2] Manske, A. et al (2005) Appl. Environ. Microbiol. 
71, 8049-8060. 
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Over multi-million year timescales, Earth’s climate is 

controlled by the regulation of global atmospheric CO2 
concentration by the long-term sink of Ca and Mg, released 
through continental silicate weathering, in marine carbonates. 
Forests are the main biotic drivers of continental mineral 
weathering through symbioses with root-associated soil fungi, 
known as mycorrhizal fungi, that actively dissolve minerals. 
Because the weathering of uplifted carbonates eventually 
delivers Ca and Mg back into the oceans, where they are 
reprecipitated into carbonates, this provides a millenial-term 
geochemical CO2 cycle.  

Today, rapid ocean acidification, driven by absorption of 
about 1/3rd of the anthopogenic CO2 release, threatens the 
capacity of marine organisms to precipitate carbonates. 
Carbonate weathering provides a major source of alkalinity for 
the oceans and occurs at a much faster rate than that of 
silicates. Important silicate rocks such as basalt contain 
carbonates, the dissolution of which will increase weathering 
of its Ca-silicates, and the resulting long-term sink for CO2.  

Here we report the effect of evolutionary advancement of 
trees and their mycorrhizal partnerships over the past 150 
million years, on the weathering of four major types of 
carbonate minerals: limestone, chalk, dolomite and marble 
compared with basalt. In a year-long field-experiment, we 
buried rock grains under mature trees at the UK National 
Pinetum, harvesting samples every 3 months. We found 
weathering intensity increases from gymnosperm to 
angiosperm hosts and from arbuscular mycorrhizal hosts to 
later, but independently-evolved, ectomycorrhizal fungal 
partnerships. Mass loss from carbonates was 7 times higher 
than for basalt under ectomycorrhizal angiosperms. 

Our findings indicate that evolutionary advances in trees 
and mycorrhizal partnerships intensified biogeochemical 
calcium dissolution from a wide range of carbonates. This 
holds important implications for short-term carbon cycling, 
river alkalinity and even surface ocean pH through transfer of 
Ca2+ and HCO3

- ions from rock dissolution.  
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Fluids play multiple roles during metamorphism, including 

metasomatizing rocks, triggering reactions, and supplying heat. 
Petrological and isotopic studies in New Hampshire [1] 
revealed amphibolite-granulite facies thermal “hot spots” 
surrounded by large metamorphic field temperature (T) 
gradients in which T increased by ~150 °C over radii of a few 
kilometers. The coincidence of quartz-graphite vein networks 
and oxygen isotope alteration halos with the “hot spots” lead to 
the hypothesis that short-lived focused fluid flow can generate 
metamorphic thermal anomalies through pulsating heat 
advection.  

We test the hypothesis of fluid-driven heat transfer using a 
two-dimensional model that simulates compaction-driven fluid 
flow. In this flow regime, pulsating focused fluid flow could be 
induced if a decompaction weakening mechanism operates [2]. 
Two heating scenarios were compared and contrasted to 
explore the conditions that produce thermal anomalies as large 
as 150 °C over a few kilometers: one is gradual basal heating 
(<= 100 °C/Myr) at the base of the model, the other is abrupt 
basal heating (instantaneous 100 °C increase). The first 
boundary condition approximates advancement of isotherms in 
typical regional metamorphic settings dominated by thermal 
conduction, whereas the second simulates elevated heat fluxes 
at the contact with an external heat source. Our results suggest 
that fluid channellization during compaction could produce 
short-lived thermal anomalies >100 °C only via the abrupt 
basal heating boundary condition (e.g., magma intrusion and/or 
hot external fluids). Fluid conduits developed during gradual 
basal heating (e.g., thermal conduction) could also generate 
thermal anomalies, but their magnitudes are less than 100 °C 
because these conduits are compacted in a short time span. 
Possible pulsed garnet growth (Devonian) in the hot spot 
region [3], could be explained by the thermal and fluid 
transients in our model. 
 
[1] Chamberlain and Rumble, 1988, J. Pet., v. 29, p. 1215-
1232. [2] Connolly and Podladchikov, 2007, JGR, v. 112, 
B10205. [3] Sullivan et al 2013, AGU Fall Meeting, Abstract 
#V51B-2654. 
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The Cenozoic carbonatites in western Sichuan occur in the 

eastern Indo-Asian collision zone, and occur as sills or dykes 
in the contemporaneous syenitic intrusions, which form a 270-
km long, NS-trending belt of carbonatite-alkali complexes, 
controlled by strike-slip faults that accommodated and adjusted 
to the collision strain. The WSC are characterized by low SiO2, 
FeO and MgO, and a wide range of CaO content that 
distinguish them from primary magnesiocarbonatites. 
Overlapping emplacement ages, Sr-Nd isotopic compositions 
and mantle-normalized trace element patterns, which are 
similar to those of the associated syenites, suggest that the 
carbonatites formed as a result of liquid immiscibility. 

Most samples of carbonatites and syenites contain 1.1 and 
1925.5 ppm Li and have δ7Li values of +0.2 and +5.8. These 
Li isotope compositions overlap with those reported for 
MORB and OIB, suggesting that the carbonatites and syenites 
reflect the Li isotopic composition of their mantle source. 
However, three samples of carbonatites contain 0.8 and 86.7 
ppm Li and have higher δ7Li values of +8.7 and +10.8, which 
suggest that Li in the carbonatites was incorporated from an 
altered oceanic crust. Nine samples of carbonatites contain 
14.0 and 359.9 ppm Li and have lighter δ7Li values of -4.5 and 
-0.4, which may reflect assimilation of isotopically light lower 
crustal mafic granulites. Therefore, the formation of these 
carbonatites and syenites probably was related to recycling of 
oceanic crust and sediments, different from those carbonatites 
generated by anorogenic processes (e.g. rifting) may derive 
from primitive or depleted mantle sources, which have not 
been influenced by crustal recycling.  

This work was supported by grants (Contracts No. 
41373014, 41173003, 40973013, 201011027, IGCP/SIDA-600, 
12120113016200, 1212011120298).  
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Conical stromatolites are some of the most distinctive 

fossil microbial communities in the geologic record. Cones 
have been hypothesized to form by the phototactic motion of 
the filamentous bacteria up slopes (1). Recent models suggest 
that they form in response to growth in stagnant fluids where 
diffusion limits exchange of nutrients and wastes with the 
environment (2) and that O2 production and consumption may 
be critical in mediating cone development (3). Understanding 
the processes driving cone formation is critical to interpreting 
the metabolic evolution of life and the history of 
biogeochemical interaction with the environment. 

Cultures of a filamentous cyanobacterium isolated from 
cones in Yellowstone National Park, Montana, U.S.A. 
(Leptolyngbya sp. Y-WT-2000 Cl 1) were grown on various 
surfaces. High resolution time lapse videos were collected to 
document movement of groups of organisms. After 10 days of 
incubation, vertical tufts of alligned bacteria grew and merged 
to form small cones with 1-2-mm-long horizontally radiating 
“star arms”. At this stage, cones aggregated from dispersed 
bacteria during the morning and disaggregated in the evening. 
Cones moved randomly across surfaces at rates of up to 10 μm 
s-1 during the middle of the day, merging upon contact between 
star arms to form larger cones. Cones increased in number and 
size over several days, eventually covering the surface with a 
network of ~10-mm-high cones. 

Cone formation was directed by cell-cell contact, not by 
gradients in any field. The effect of cone aggregation was to 
concentrate clumps of cells on underlying points of positive 
topographic curvature, likely maximizing local biofilm surface 
area. Cultures grown on large artificial projections grew faster 
when closer to the water/air interface, suggesting that 
diffusion-limited transport of CO2 or O2 could shape the 
morphogenesis of larger cones. These results partially support 
models of cone formation that implicate diffusive exchange 
with the environment as a determinant of cone growth, but 
suggest that the mechanisms by which cones form are likely 
related to contact-mediated social movement rather than 
specific metabolisms or phototaxis. 

 
[1] Walter et al (1976) in Walter, ed. Stromatolites: 
Developments in Sedimentology 20, New York, Elsevier, 273-
310. [2] Petroff et al (2010) PNAS 107, 9956-9961. [3] Sim et 
al (2012) Geosci. 2, 235-259. 
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Over the last thirty years, advances in technical capabilities 
have led to a remarkable expansion of the use of geochemical 
indicators as proxies for terrestrial paleoclimate and 
paleoenvironment. A multitude of biomarkers, for example, are 
now commonly used to infer past changes in temperature, 
rainfall, and vegetation cover, yielding a wealth of new data 
across a variety of environments and timescales that have been 
used to infer fundamental aspects of the Earth System. 
However, the statistical methods to infer past climate states 
have not evolved alongside the geochemical capabilities. 

This talk will explore ways in which the geochemistry field 
can advance towards more quantitative estimates of 
paleoenvironments by incorporating both established and new 
statistical techniques. The calibration of proxies to target 
environmental variables can benefit from the incorporation of 
forward models, which explicitly encode the science linking 
the proxy to target environmental parameters. Inference may 
then proceed by either frequentist inverse modeling or 
Bayesian approaches. Higher dimensional geochemical data 
may be amenable to the use of data mining and newer machine 
learning approaches. Case study applications demonstrate that 
these approaches can provide robust estimates of 
paleoenvironments with quantitative uncertainty bounds, 
thereby improving our understanding of past — and by 
analogy, future — climates. 
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Located in the Sanbagawa subduction-type metamorphic 
belt in SW Japan on the island of Shikoku, the Higashi-akaishi 
peridotite body is composed of dunite, lherzolite and garnet 
clinopyroxenite, interfingered in one locality with quartz-rich 
eclogite. Previous work indicates the P-T history of the 
peridotite includes rapid prograde metamorphism with peak 
temperatures of 700-810°C and pressures of 2.9-3.8 GPa [1] at 
~110-120 Ma [2,3]. Major and trace element and isotopic data 
from samples within the Higashi-akaishi peridotite presented 
here and in another recent study [4] provide a record of 
subduction zone melting processes in a paleo-mantle wedge. 
Ultramafic samples range from 40-52 wt.% SiO2, 1-11 wt.% 
Al2O3 and 21-45 wt.% MgO with olivine and clinopyroxene 
Mg#s as high as 0.93. The quartz-rich eclogite contains 62 
wt.% SiO2, 6 wt.% MgO and 13 wt.% Al2O3 and has trace 
element concentrations that are enriched relative to the 
ultramafic samples. 87Sr/86Sr (.703237-.704288), 143Nd/144Nd 
(∈Nd=+2 to +6) and Pb isotopic compositions are within the 
range of Japanese arc rocks. We interpret the pyroxenites as 
shallowly crystallized cumulates with varying amounts of 
trapped hydrous melt and the harzburgites as residues of 
melting. The peak P-T conditions of these rocks are similar to 
the solidus conditions of H2O-saturated fertile mantle near the 
base of the mantle wedge [5,6]. The presence of garnet 
porphyroblasts that enclose primary euhedral chlorite together 
with the chemical evidence, suggest these samples are 
associated with mantle melting in the presence of H2O. 
Therefore the Higashi-aikashi rock suite provides a record of 
the beginnings of hydrous melting and the mechanisms of 
metasomatism in the mantle wedge through element transfer 
from the underlying subducted lithosphere. 
 
[1] Enami et al (2004) J. Meta. Geol. 22, 1-15. [2] Okamoto et 
al (2004) Terra Nova 16, 81-89. [3] Isozaki et al (1990) J. 
Meta. Geol. 8, 401-411. [4] Hattori et al (2010) Island Arc 19, 
192-207. [5] Grove et al (2006) Earth Planet. Sci. Lett. 249, 
74-89. [6] Till et al (2012) Cont. Min. Petrol. 163, 669-688. 



 Goldschmidt2014 Abstracts  

 

2485 

2485 

The Solubility and Speciation of 
Niobium in Fluoride-Bearing 

Aqueous Solutions  
ALEXANDER TIMOFEEV*, A.A. MIGDISOV  

AND A.E. WILLIAMS-JONES 
McGill University, Department of Earth & Planetary Sciences, 

alexander.timofeev@mail.mcgill.ca (* presenting author) 
 

Although niobium is generally considered to be highly 
immobile in hydrothermal fluids, there is evidence for 
appreciable hydrothermal mobility of this metal in alkaline 
igneous complexes. There are, however, almost no data on the 
solubility and speciation of niobium in aqueous solutions at 
elevated temperature. From geological and hard acid-soft base 
(HSAB) considerations [1], fluoride is the ligand most likely to 
form stable complexes that will facilitate the development of 
significant concentrations of niobium in hydrothermal fluids. 
Significantly, hydrofluoric acid is used to extract niobium from 
ores in industrial settings and experimental data on the 
solubility of tantalum, “niobium’s twin”, in an aqueous fluid at 
elevated temperature and pressure suggest that fluoride species 
are responsible for the hydrothermal transport of tantalum [2]. 
In this study, we determined the solubility of niobium oxide in 
aqueous solutions at elevated temperature (150-250 °C), 
variable fluoride activity (~10-5-10-2 mF), and variable pH (2.1 
and 2.4).  

Our experiments involved determining the solubility of Nb 
oxide in F-bearing aqueous solutions at temperatures up to 250 
°C and saturated water vapour pressure. The experiments were 
performed using the autoclave solubility method and employed 
a technique involving teflon tubes, which was developed 
previously for determining the solubility of REE fluorides in 
F-bearing solutions [3].  

Preliminary results indicate that the speciation and 
solubility of niobium are dependent on the activity of fluoride 
in the aqueous solution. At low fluoride activity (~ <10-3.5 mF), 
niobium solubility is low and pH dependent, suggesting that 
simple niobium fluoride complexes are responsible for its 
solubility. By contrast, at higher fluoride activity (~ >10-3.5 
mF), the solubility of niobium is considerably higher and 
independent of the pH of the aqueous solution. In this range of 
fluoride activity, the solubility of niobium is best explained as 
being due to the formation of hydroxyfluoride species. 

 
[1] Pearson (1963) Journal of the American Chemical Society 
85, 3533-3543. [2] Zaraisky et al (2008) Mineralogy and 
Petrology 99, 287-300. [3] Migdisov et al (2009) Geochimica 
et Cosmochimica Acta 73, 7087-7109.  
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The target of this paper is studying “the symbiosis model 
of the different river-delta depositional system and source 
rocks and predicting the distribution of high quality source 
rock” by taking North Carnarvon Basin in the northwest shelf 
of Australia as the example. After a comprehensive study on 
the basis of tectonic evolution, sedimentary evolution 
characteristics and source rock characteristics in the Mesozoic 
of North Carnarvon Basin shows that the basin separately 
developed five sets of source rock being related with the river-
delta depositional system. The quality and scale of the source 
rock development are controlled by the different tectonic 
evolution stages with its corresponding river-delta depositional 
system. The continental-facies source rock which mainly 
formed in pre-rift stage mainly develops in Late Triassic of 
North Carnarvon Basin. The formation of source rock type 
above relates to the large delta input: The delta plain 
sedimentary environment mainly forms coal measure strata 
which has large thickness and high organic carbon abundance. 
The coal measure strata whose source rock type are Ⅲ type 
and Ⅱ2 type and total organic carbon is from 1.5% to 6.5% is 
the most important Gas-type source rock in this area. The 
marine-facies source rock which mainly formed in the 
continental break-up stage develops in Late Jurassic of North 
Carnarvon Basin. The formation of this source rock type is 
influenced by small river-delta and restricted sea depositional 
system which have lung and concave ancient landform pattern. 
This sedimentary environment has a relatively closed and quite 
water body environment which is also favorable to the 
enrichment and conservation of source rocks. This source rock 
type is Ⅱ1 type and total organic carbon is from 1% to 3% is the 
most important Oil-type source rock in this area. At the end, 
according to above research results we establish the symbiosis 
model of river-delta sedimentary and source rocks in three 
different models including fluvial-dominated delta plain coal-
measure source rock model, delta type’s prodelta- continental 
shelf source rock model and small delta and restricted sea 
model source rock model. At the same time we further definite 
the distribution of high quality source rock in different models. 
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Understanding the persistence of organic matter in soils 
can draw on a range of techniques, from studies of detailed 
molecular-scale interactions to the modelling of turnover rates 
based on radiocarbon. 

At the molecular scale, natural organic matter interacts 
with protons and metals depending upon the chemistry of the 
soil. These interactions can be modelled using chemical 
equilibrium speciation codes such as WHAM [1]. Metal 
binding affects other physico-chemical properties of the 
organic matter, notably its tendency to sorb to mineral 
surfaces.  

The dynamics of organic matter in soil also need to be 
taken into account. In a modelling study of DOM production 
and transport in forest soils at the plot scale [2], the best 
explanation of the observed pools, fluxes and 14C values of 
organic matter was obtained if, following sorption of DOM to 
A and B horizon mineral surfaces, a “maturing” reaction 
occurred, to form mineral-associated soil organic matter with a 
turnover time of several hundred years. 

Recent modelling of global topsoil radiocarbon data [3] 
showed that the soil organic matter can on average be 
partitioned equally between 20-year and 1000-year turnover 
pools. Although the soils showed considerable variation in the 
partitioning proportions, no strong relationships to 
temperature, pH or soil mineral matter content could be 
identified. Therefore other factors are presumably also 
operating to cause differences in organic matter stability 
among soils. 
 
[1] Tipping et al (2011) Environ. Chem. 8, 225-235. [2] 
Tipping et al (2012) Biogeochem. 108, 91–107. [3] Mills et al 
(2014) Biogeochem. In press. 

 



 Goldschmidt2014 Abstracts  

 

2488 

2488 

Establishing the environmental 
controls and mechanisms shaping the 

2H/1H ratios of leaf wax n-alkanes  
BRETT J. TIPPLE1*, MELISSA A. BERKE1, 
BASTIAN HAMBACH1, JOHN S. RODEN2 

AND JAMES R. EHLERINGER1 
1Department of Biology, Global Change and Sustainability 

Center, University of Utah Salt Lake City, UT 84112 
(*correspondences: brett.tipple@utah.edu) 

2Department of Biology, Southern Oregon University, 
Ashland, OR 97520 

 
The extent to which water source, atmospheric conditions, 

and leaf water 2H-enrichment affect δ2H values of terrestrial 
plant leaf waxes impacts interpretations of δ2H variation of 
leaf waxes as a proxy for hydrologic conditions. To elucidate 
the effects of these parameters, we analyzed δ2H values of n-
alkanes from two tree species grown hydroponically under 
monitored atmospheric conditions. Populus fremontii and 
Betula occidentalis saplings were each grown under one of six 
isotopically distinct waters [–120, –60, 0, 60, 120 and 180‰] 
and under either 40% or 75% relative humidity. We observed 
n-alkane δ2H values of both species were linearly related to 
source water δ2H values, but with slope differences associated 
with differing humidities. A Craig-Gordon model was used to 
predict the δ2H values of leaf water and modeled leaf water 
values were linearly related to observed n-alkane δ2H values. 
These observations support a constant biosynthetic 
fractionation factor between leaf water and n-alkanes for each 
species under these growth conditions. However, we calculated 
small differences in the biosynthetic fractionation factor 
between the two species. Recent studies have suggested that 
the biosynthetic fractionation may be similar but slightly 
different among species, and the results from this study 
ostensibly support these findings. At present, it remains 
unclear if these apparent interspecies differences in 
biosynthetic fractionation reflect specific-species biochemistry 
or inapt model parameterization. Nonetheless, our conclusions 
suggest the need for measurements of or accurately modeled 
δ2H values of source water, atmospheric water, and humidity 
conditions at the time of lipid synthesis to assess biosynthetic 
fractionations between leaf water and lipids.  
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This study was conducted along the coastal zone of Golfe 

de Juan (France), which has been exposed to wastewater from 
a sewage treatment plant (STP) since 1982. The STP was 
upgraded in 2008 to improve wastewater treatment but the 
trace metals that were released to the sea prior to the STP 
upgrade may have accumulated and remains in the sediment. 
In order to test the hypothesis that sediment-bound trace metals 
persist in areas near the STP (impact sites), the concentrations 
of As, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, V and Zn in the 
sediment and the various compartments of Posidonia oceanica 
(i.e. old, intermediate and young leaves, rhizomes and roots) 
from 3 impact and 2 control sites were measured and 
compared. Results show a significant difference in the 
concentration of trace metals between the impact and control 
stations. The cation exchange capacities of the sediment from 
the impact sites are higher than the control sites. The amount 
of metals in the roots of P. oceanica appears to drive the 
spatial variability with respect to the different plant tissues. 
The implications of these observations on the management of 
trace metal contaminants in the study area are discussed. 



 Goldschmidt2014 Abstracts  

 

2490 

2490 

Hydrothermal Circulation In Fault 
Slots With Topography 

SOFYA TITARENKO1 AND ANDREW MCCAIG1 
1School of Earth and Environment, University of Leeds, Leeds 

LS2 9JT, UK s.titarenko@leeds.ac.uk 
 

Circulation of hydrothermal fluid is often likely to be 
confined within a permeable fault slot. Examples are (1) the 
Lost City Hydrothermal Field (LCHF) at 30° N in the Atlantic, 
which is likely to be controlled by large E-W faults related to 
the Atlantis transform fault, and (2) large normal faults 
bounding the Hess Deep rift in the East Pacific, which contain 
intense hydrothermal metamorphic assemblages in lower 
crustal gabbros formed at 200-350 °C. This type of circulation 
could occur anywhere where steep faults cut the oceanic crust, 
including large near-axis normal faults, transform faults and 
faults at subduction bend zones, and could be the major way in 
which the upper mantle and lower crust are hydrated. 

Previous 2-D modelling of the LCHF shows that seafloor 
topography and permeability structure combine together to 
localise the field near the highest point of the Atlantis Massif. 
Our new models are 3-D, based on a 10km cube with seafloor 
topography of ~ 2km affecting both the fault slot and 
impermeable wall rocks. We use a constant basal heatflow 
corresponding to the near conductive thermal gradient 
measured in IODP Hole 1309D, 5km north of the LCHF, and a 
constant temperature seafloor boundary condition. 
Permeability in the slot is varied between 10-14 and 10-15 m2. 
Generic models not based on any particular known topography 
quickly stabilise a hydrothermal system in the fault slot with a 
single upflow zone close to the model edge with highest 
topography. Venting temperature falls with increasing slot 
permeability, and if the depth of hydrothermal circulation is 
reduced. These temperatures correspond to prehnite-chlorite 
assemblages seen in fault rocks at Hess Deep, but are higher 
than those observed at the LCHF. Work is continuing to vary 
permeability, fault slot geometry and topography to better 
match the conditions in the Atlantis Massif. 
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The formation of calcium carbonates (CaCO3) in natural 
environments frequently occurs in the presence of organic 
molecules. These are known to strongly modify crystal 
structure, morphology and properties, often leading to more 
resilient and stronger crystals. Detailed understanding of how 
organic molecules modify CaCO3 growth kinetics and 
mechanism is therefore a field of great interest. 

The initial steps of CaCO3 crystallization can occur via the 
formation of amorphous calcium carbonate (ACC). Here, we 
investigated the role of citric acid (CIT) in ACC crystallisation 
using in-situ synchrotron-based pair distribution function 
(PDF) analyses combined with time-resolved UV-Vis 
spectrophotometry, X-ray photoelectron spectroscopy (XPS), 
thermal gravimetric analysis (TGA) and electron microscopy. 
The initial ratio of CIT to CaCO3 had a profound effect on the 
hydration, formation kinetics, and stability of ACC. At 0% 
CIT, ACC crystallised rapidly (< 2 min at 25 °C) to vaterite 
and then calcite through dissolution / reprecipitation. With 
increasing CIT (10-50%), ACC lifetime steadily increased 
(~30 min at 50% CIT), as did the water content and sorbed CIT 
of the ACC nanoparticles. In contrast to the pure system, ACC 
with sorbed CIT crystallised directly to calcite, with no vaterite 
intermediate. In situ PDF results confirmed the short range 
ordering for ACC (<15 Å) and showed slight variations 
between the pure system and ACC with CIT. We argue that 
CIT strongly binds to Ca, forming solution complexes and 
thereby decreases ACC saturation levels. This leads to the 
formation of more hydrous ACC, which eventually crystallises 
spherulitically to calcite (Figure). 
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New geochemistry and U/Pb zircon geochronology data, 
together with existing datasets, contribute to a refined model of 
the petrogenetic history of magmatism in the western Alaska 
Range. More than 40 mapped plutons within the study area 
were emplaced into Mesozoic turbiditic strata of the Kahiltna 
basin. Residual magnetic anomalies suggest the Kahiltna 
sequence overlies largely Mesozoic Peninsular terrane rocks in 
the SE half of the basin and Proterozoic to Paleozoic Farewell 
terrane rocks to the NW. This study focuses on successive 
intrusions, all of which are interpreted to have intruded through 
Farewell terrane rocks (Lime Hills and McGrath quadrangles). 
The chemically diverse sequence records magmatism 
associated with major tectonic reorganization events on the 
southern Alaska circum-Pacific subduction margin. The oldest 
(Late Cretaceous) plutons are thought to be part of a suite 
coinciding with final closure of the retroarc Kahiltna basin and 
a regional transition to transpression-dominated tectonics. 
Paleocene plutons were broadly synchronous with an inferred 
ridge subduction event, and include magnesian peraluminous 
to ferroan peralkaline granites. Preliminary results indicate 
less-radiogenic Hf isotope ratios in zircons from ca. 60 Ma 
granites emplaced in Farewell terrane rocks compared with 
granites of the same age emplaced in Peninsular terrane rocks 
to the SE. Dominantly subalkaline Eocene magmatism, at 
around the same time as the initiation of Meshik/Aleutian Arc 
subduction, includes emplacement of the elongate N-S Merrill 
Pass pluton and large volumes of associated dacitic to andesitic 
flows, tuffs, and lahar deposits. An Oligocene magmatic pulse, 
which included the emplacement of a suite of plutons ranging 
from gabbro to peralkaline granite, continued until after ca. 25 
Ma, coinciding with initiation of Yakutat slab subduction. 
Plutons in the Western Alaska Range demonstrate the diversity 
of compositional types and tectonic events that can account for 
significant juvenile crustal accretion at an evolving continental 
margin. 
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Landscape geochemical research methods are designed to 

highlight the distribution, concentration and bioaccumulation 
of trace metals in environmental components characterized 
according to geochemical distribution and migration of 
chemical elements. This study describes the spatial distribution 
of trace metals in the soil surface horizon and vertical 
distribution on the soil profiles in forest and grassland 
landscapes from Republic of Moldova.  

Materials and Methods 
We examined ten soil profiles; from the surface horizon 21 

soil samples were analyzed and vertical distribution on the soil 
profiles in three different soil types (gray forest soil, 
chernozem and rendzina) from forest and grassland landscapes. 
Soil samples were collected from each genetic horizon. The 
trace metal content was analyzed using X-ray Fluorescence 
Spectrometry (EDXRF Epsilon 5). 

Discussion of Results 
Geochemical data were statistical processed being 

established also chemical proprieties of soils. The means 
concentration of analyzed chemical elements in Republic of 
Moldova soils are: Cu (32 mg/kg); Zn (71 mg/kg); Ni (39 
mg/kg); Co (13 mg/kg); Pb (20 mg/kg) and As (5.0 mg/kg) [1]. 
In the European topsoil the means are: Cu (17.3 mg/kg); Zn 
(52 mg/kg); Ni (37.3 mg/kg); Co (10.4 mg/kg); Pb (32.6 
mg/kg) and As (11.6 mg/kg) [2]. In this study measured 
content are: Cu (21.5 mg/kg); Zn (56.2 mg/kg); Ni (23.5 
mg/kg); Co (6.9 mg/kg); Pb (11.5 mg/kg) and As (1.89 mg/kg). 
The abundance of trace metals measured in topsoil decrease as 
follows: Zn > Ni > Cu > Pb > Co > As. Trace metal content in 
the soil profile are below to the geochemical background in the 
gray forest soils, chernozem and rendzina.  
 
[1] V.P. Kiriliuk (2006) Trace elements in the biosphere 
components of Moldova. 89 [2] W. de Vos et Tarvainen (2006) 
Geochemical Atlas of Europe 
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It is possible that the distribution behaviors of redox-

sensitive elements such as selenium (Se) between water and 
authigenic minerals can provide information on the oxidation 
state of the element in the coexistent water during mineral 
deposition. Considering the similar chemical characteristics of 
Se(IV) and Se(VI) oxyanions, we propose that the 
Se(VI)/Se(IV) ratio in a particular precipitate, such as barite, 
may enable us to estimate the Se(VI)/Se(IV) ratio in the 
coexistent water, or indicate the redox condition under 
equilibrium in term of redox reactions for inorganic Se species.  

Coprecipitation experiments of Se with barite were 
conducted to investigate the influence of the oxidation state on 
its immobilization into barite at pH 4.0 and 8.0 by Se K-edge 
X-ray absorption near-edge structure and high-performance 
liquid chromatography connected to inductively coupled 
plasma-mass spectrometry, respectively. These two pH 
conditions were adopted considering typical pH for 
hydrothermal water (3.0-4.0) and seawater (8.0). The results 
showed that the Se(VI)/Se(IV) ratio in barite was primarily 
correlated with that of the ratio in water, which in turn can 
provide physicochemical, biogeochemical information on the 
environment where barite precipitated. Especially under 
equilibrium condition, the Se(VI)/Se(IV) ratio in barite may 
work as a redox indicator whether it is below or above the 
redox boundary of Se(VI)/Se(IV). Natural barite samples in 
marine sediments were also analyzed by μ-XRF and XANES 
to investigate the applicability of barite-selenium systems as a 
redox indicator in natural systems. The results showed that Se 
in natural barite can be detected by the μ-XRF-XAFS 
technique, where the presence of Se species in barite reflects 
the ratio of Se(VI)/Se(IV) in the coexistent water. Thus, the 
consistent results including laboratory experiments and natural 
samples analysis allow us to conclude that the Se(VI)/Se(IV) 
ratio in barite can be used as a redox indicator to estimate Eh 
range where barite precipitated and can be applied to 
environmental systems where Se was incorporated into barite 
if it is under equilibrium condition. Various applications of this 
method can be suggested such as (i) to estimate the redox 
condition in the past when barite was precipitated and (ii) to 
estimate the redox condition in environment where we cannot 
use a Pt electrode to measure Eh such as in hydrothermal 
water. 
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Water and carbon fluxes from the vadose zone into 
groundwater need to be quantified to understand subsurface 
hydrobiogeochemical conditions and predict impacts of 
climate change. These fluxes are challenging to determine in 
semi-arid regions because of their low magnitudes. However, 
the remediated uranium/vanadium mill tailings site on the 
Rifle, Colorado floodpain possesses characteristics favorable 
for investigating subsurface transport, includinglocally derived 
fill soil with geochemical characteristics typical of the region, 
an established vegetation cover, geochemically distinct 
boundaries between the fill and underlying alluvium, 
predictable groundwater interaction with the adjacent Colorado 
River, and an impermeable lower boundary (shale at ~7 m 
depth). Within this well-defined hydrological system, we 
installed neutron probe access tubes and depth-distributed 
tensiometers, pore water samplers, and gas samplers along a 
transect aligned with the groundwater flow direction in order 
to determine inventories and fluxes of water, carbon, and other 
components. Seasonally dependent recharge into groundwater 
is quantified by combining field measurements with 
laboratory/pedotransfer constraints on hydraulic properties. 
High dissolved organic carbon (DOC) concentrations in the 
vadose zone (up to ~10 mM) relative to in groundwater (<1 
mM), and increasing CO2 concentrations with depth indicate 
the importance of deeper vadose zone OC transport and 
microbial activity. DOC characteristics and trends are being 
used to improve understanding of vadose zone fluxes of carbon 
into groundwater. Variations in carbon availability and water 
saturations at the capillary fringe are also reflected in changes 
to redox-dependent chemical components, including residual U 
and V. This effort is part of Sustainable Systems 2.0, a new 
Department of Energy project investigating climate-induced 
changes in subsurface carbon transport, biogeochemical 
transformations, and metabolic potential of microbial 
communities. 
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Nylandssjön in northern Sweden is a small (0.28 km2) 

dimictic lake where cultural eutrophication induced the 
formation of varves with distinct seasonal layers dating back to 
the past ~100 years (Figure below). Freeze cores have been 
taken in late winter and stored since 1979. Sediment trap 
samples with 5-25 days’ resolution have been collected since 
2002 and a limnological monitoring has 
been carried out since 2001. This unique 
sample collection permits us to 
investigate the incorporation and 
preservation of water column inputs to 
these varved sediments over several 
decades. One analytical challenge lies in 
the low sample masses and high numbers 
of samples. Existing methods to 
characterize organic matter and its related 
biomarkers require several hundreds of 
mg up to one g of sample and are 
associated to time-consuming extraction 
and/or data treatment procedures.  

We thus develop a new approach for characterizing 
organic matter using (1) Pyrolysis-Gas Chromatography-Mass 
Spectrometry and (2) Thermal Programmed Desorption-
Fourier Transformed Infra-Red Spectroscopy-Mass 
Spectrometry analyses on 200 µg of sample. Chemometric 
analyses are employed for high-throughput characterization of 
OM and commonly used biomarkers. We will also show how 
monitoring the evolution of a single varve over time can 
provide clues to the effects of diagenesis during burial on 
biomarkers by analysing a single varve (e.g., year 1989) over 
time (i.e., analysis of the varve year 1989 in following cores). 
These efforts will help us achieve our overarching aim at 
determining how environmental annual and seasonnal 
information from the lake is transferred down to recent 
sediments and preserved over time. 
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It is well known that the sediment composition varies 

greatly across a lake basin, however, this is rarely considered 
when it comes to trace metals. Especially in complex lake 
basins, with an uneven distribution of organic matter (OM) 
trace metals might display large spatial variability [1, 2].  

Härsvatten is a small (0.18 km2) acidified lake with a 
complex morphology consisting of 3 basins (10, 12, and 24 m 
deep) separated by shallow areas (<4 m) [1]. We analyzed 45 
surface sediments collected across the whole lake for their 
geochemical composition (28 elements by X-Ray fluorescence 
spectroscopy) and OM characteristics (Pyrolysis-Gas 
Chromatography-Mass Spectrometry). The aim of the study 
was to understand the process affecting sedimentation and how 
this affects the spatial distribution of both OM and trace 
metals.  

Our results show that in the deeper basin (24 m; steep 
slopes), OM and trace metal distribution were well-explained 
by sediment focusing (i.e., a preferential accumulation of light, 
fine-grained, material in deeper areas). However, in the two 
others basins (10 and 12 m), OM and trace metal distributions 
were more homogeneous and not related to water depth. This 
could be explained with help of the Py-GC-MS data, which 
indicates a high presence of aquatic macrophytes and more 
algal growth in the shallower areas of these two basins. 
Aquatic macrophytes act as sediment traps and result in an 
accumulation of light, fine-grained, material rich in OM and 
trace metals (especially As, Ni and Zn) also at shallow 
locations. For the shallow areas between the three deep basins 
the accumulation of some trace metals (As, Cu, Co and Pb) 
seems to be favored by the presence of Fe- and Mn-
hydroxides. This study gives a better understanding of trace 
metal accumulation in aquatic system and its relation to OM 
distribution. 

 
[1] Bindler et al (2001). Limnol. Oceanogr. 46 : 178–188 [2] 
Rydberg et al (2012). J. Geophys. Res. G : Biogeosciences 
117: 1-13 
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Soluble salts are widespread on Mars with many 
implications for past/present aqueous processes [1, 2]. The Wet 
Chemistrity Laboratory (WCL) on NASA’s Phoenix Lander 
measured soluble salts in soils by adding liquid water and 
detecting dissolved ions [3]. Results indicate soils rich in Mg2+, 
Na+, SO4

2–, and ClO4
–, with minor Cl–, K+, and Ca2+. Other ions 

that are likely present, but not measured, include NO3
–, HCO3

–, 
and ClO3

– [4] We investigated the range of soluble salt 
assemblages that would dissolve to give rise to the measured 
ions [5]. After reanalyzing the WCL data using improvements 
to original analyses (Table 1), we modeled salts that precipitate 
during freezing. Thermodynamic models, such as 
FREZCHEM, yield anamolous predictions when perchlorates 
are included. As an alternative, we used a chemical divide 
model (Fig. 1). Meridianiite, carbonate, and perchlorate salts 
dominate probable salt assemblages. We deduce >1.3wt% 
bound water in soils. Also, hygroscopic perchlorates should 
form brines in the summer. 

 
Ion Conc. (mM) 
pH 7.67±0.08 

Ca2+ 0.16±0.07 

Mg2+ 2.91±0.85 

Na+ 1.46±0.33 

K+ 0.33±0.05 

Cl– 0.39±0.04 

ClO4
– 2.89±0.54 

SO4 4.17±3.47 

CaSO4
0 0.05 

MgSO4
0 0.56 

 

Table 1: Reanalyzed 
ions in Rosy Red soil 
at the Phoenix site. 

Figure 1: Soluble salt precipitates 
(wt. %) predicted from Table 1 
using our chemical divide model. 

 
[1] Haskin et al (2005), Nature, 436, 66-69 [2] Squyres et al 
(2004), Science, 306, 1709-1714 [3] Kounaves et al (2010) 
JGR, 115, E00E10 [4] Kounaves et al (2014), Icarus, 229, 
206–213 [5] Toner et al (2014), GCA, in review. 
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Rocky bodies of the solar system are generally believed to 

ultimately originate from accretion of chondritic building 
blocks. However, the surfaces of larger planetary bodies as 
seen today are typically fractionated relative to chondrite, 
either due to processes that took place on smaller bodies before 
or during accretion, and/or as a consequence of more recent 
planetary differentiation.  

The importance of the first of these possibilities may be 
assessed by the study of differentiated samples from small 
(asteroidal) bodies, typically delivered to Earth as meteorites. 
In this respect, the meteorite record indicates that significant 
chemical diversity may be generated during the first few 
million years of the solar system. In general terms, magmatism 
on small bodies is simplified by the fact that pressure gradients 
are limited, such that temperature and bulk-composition are the 
dominant factors affecting melt chemistry. However, despite 
this apparent simplicity, the chemistry of crustal rocks will be 
critically dependent on several factors. For example, oxygen 
fugacity will affect the partitioning of iron between the core 
and silicate fractions, leading to significant potential variations 
of Mg#, while depletion in volatile elements (in particular the 
alkalis) before or during accretion can have a significant effect 
on the major element chemistry of liquids produced. 
Furthermore, even if bulk chemistry is known, it is important 
to distinguish if crust is formed by rapid extraction during 
partial melting, or by global scale processes following a 
magma-ocean episode. From this point of view, the physical 
mechanisms of melt extraction and the role of local and global 
thermal structure are key issues to consider along with 
thermodynamic consideration of the chemistry of melts 
produced. Data from the HED meteorites and from Vesta as 
seen by the Dawn mission will be used to illustrate these ideas. 
Furthermore, an attempt will be made to rationalise the 
chemical diversity of primitive achondrites within this 
framework.  

On larger planetary bodies, pressure variations with depth 
lead to the possibility of decompression melting during 
convective upwelling of the mantle. In this case, magmatic 
crustal rocks provide a potential window into the internal 
workings of the planet over geological time. This may be 
illustrated for the case of Mars where the major element 
chemistry of volcanic provinces shows variations that indicate 
cooling of the mantle over time [1]. 

 
[1] Baratoux D., et al (2011) Nature, 472 : 338-U235. 
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Silicate minerals represent an important reservoir of 

essential nutrients at Earth’s surface. Due to the slow kinetics 
of primary silicate mineral dissolution and the potential for 
nutrient sequestration by secondary mineral precipitation, the 
bioavailability of many silicate-bound nutrients may be limited 
by the ability of microorganisms to actively scavenge these 
nutrients via organic ligand production. In this study, the 
effectiveness of ligand production as a means to scavenge Fe 
from Fe-silicates is addressed through targeted in vitro and in 
vivo laboratory experiments using olivine as a model mineral 
and the microorganisms Shewanella oneidensis, Pseudomonas 
aeruginosa, and Marinobacter aquaeolei.  

Preliminary results show that microbial Fe-binding ligands 
(i.e. siderophores) can accelerate olivine dissolution rates 
stoichiometrically by almost an order of magnitude in both in 
vitro and in vivo experiments buffered at circumneutral pH. In 
addition to higher reaction rates, the production of organic Fe-
binding ligands fostered the accumulation of dissolved Fe in 
solution, which was below detection in the abiotic experiments 
due to the precipitation of secondary Fe minerals in the 
presence of O2. Scaling these results to natural systems will 
require constraints on the rates of ligand cycling by 
microorganisms, which will be determined using mutant 
strains unable to produce ligands, but still capable of ligand 
uptake. 
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The Hasanabad playa is located about 60 km of northeast 
of the Bafgh in central Iran. In order to study of brine 
evolution and effect of brine origin on Mineralogical 
distribution and hydrochemical characteristics of the playa for 
valuable evaporate mineral exploration, 18 samples were 
collected from different parts of the playa. The samples were 
analyzed using the XRD to determine mineralogical characters 
tics of the playa brine. Normalized XRF results were wed to 
establish elemental analysis of the samples. Results were 
compared with data of Great Saline Lake, the Death Valley 
and the Great Saline width in North the America. Cation and 
anion variations in the Hasanabad playa brine hydrochemically 
and physicochemically to the Great Saline Lake from are 
rather similar to the brine type is Na-K-Mg-Cl-SO4 as alkaline 
meteoric brine. Mineralogically, Halite, Gypsum and Bazanite 
are the most frequent evaporate minerals in this playa which 
suggest higher evolution of Hasanabad playa brine in 
comparison with the other mentioned playa. 
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Despite evidence that Precambrian seawater was 
commonly elevated in both SiO2(aq) and Fe2+ (e.g., 1, 2), we 
know little about the interaction of these two components, or 
solubility-limiting phases in this system. Here, we investigate 
the precipitation of Fe2+ and SiO2(aq) in anoxic synthetic 
seawater at 25oC as a function of pH, (Fe2+) and (SiO2(aq)) in 
an attempt to connect aqueous phenomena to the somewhat 
poorly understood distribution of Precambrian Fe-silicates. 

Our experiments indicate the rapid nucleation of a 
colloidal Fe2+-silicate phase across a broad range of [SiO2(aq)] 
and (Fe2+). The structure of the precipitate is closely related to 
greenalite, but instead lacks FT-IR and electron diffraction 
evidence for linkages between 1:1 trioctahedral islands, or 
domains. Because these islands are linked in a completely 
disordered fashion in natural greenalite [3], we hypothesize 
that greenalite genesis at 25oC involves the rapid nucleation of 
1:1 domains or nano-particles that are limited in lateral size by 
the misfit between silica tetrahedra and Fe2+ octahedra [3]. 
Subsequent linkage between these domains, either by oriented 
nano-particle agregation or burial diagenesis may be 
responsible for poorly-resolved domain boundaries, and the 
considerable defect nature in domain size, shape and lateral 
positions in natural greenalite [3]. 

Because this formation pathway implies that solubility 
equilibrium is closely approached during initial nucleation, we 
may constrain the (Fe2+), (SiO2(aq)) and pH which Fe2+-silicate 
nucleation will occur. Solubility estimates show that Fe2+-
silicate formation is highly pH dependent, placing strong 
constraints on the pH associated with primary basin-scale 
greenalite deposition in Superior-type BIF (e.g., 4). Our 
calculations also show that Fe2+-silicate nucleation would have 
acted as a limiting factor on (SiO2(aq)), (Fe2+) or both, 
depending on PCO2 and siderite precipitation kinetics. 
Continued investigation of precipition kinetics and phase 
solubility in ferruginous seawater systems will allow 
quantitative estimation of seawater marine (Fe2+), (SiO2(aq)), 
and DIC, and lend special insight into how Precambrian Fe, Si, 
C and alkalinity cycles were linked by key precipitates. 
 
[1] Siever, R. (1992) GCA, 56, 3265 [2] Raiswell, R. & 
Canfield, D. (2012) Geochem. Persp. 1, 1 [3] Guggenheim, S. 
et al (1982) Can. Min., 20, 1 [4] Beukes, N. & Gutzmer, J. 
(2008) Rev. Econ. Geol., 15, 5 
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MSL data from Yellowknife Bay have revealed a 
sedimentary environment unlike any examined by previous 
rover missions to Mars. In-situ physical, chemical and 
mineralogical analyses reveal that lacustrine diagenesis of 
basaltic mud produced authigenic magnetite and trioctahedral 
smectitic clay in significant abundance [1, 2, 3]. However, 
bulk rock geochemistry indicates that the protolith was 
essentially unaltered by chemical weathering and received 
little input from volatile (e.g., SO4

2-, Cl-, CO3
2-) components, 

pointing to a process that occurred in relatively dilute water at 
circum-neutral pH [3]. Constraining the geochemistry that led 
to these products will unlock the climate history archived by 
Gale Crater sediments. Here, we present experimental 
evidence that deposition of basalt mud into dilute anoxic water 
was responsible for magnetite at Yellowknife Bay, and that 
this took place under low PCO2 conditions. 

We observe that the immersion of <63µm basalt in O2- and 
CO2-free de-ionized water leads to the immediate release of 
cations (mainly Ca, Mg and Fe and some SiO2(aq)) driving the 
pH of initially pure water rapidly to ≥8.7, which then results in 
supersaturation with respect to Fe2+-bearing hydroxides. 
Within hours, Fe concentrations in solution decrease to the 
level of Fe(OH)2 solubility. Fe(OH)2, a key reactive 
intermediate, then disproportionates to magnetite within days. 
We also find that green rust (GR) can form in our experiments, 
due to reaction with trace quantitites of O2(aq), and through 
photochemical oxidation; GR also rapidly converts to 
magnetite in our experiments. Our calculations indicate that in 
order for either of these authigenic pathways to take place, PCO2 
must be < ~10-4 bar to prevent siderite precipitation. We are 
better calibrating this boundary by examining siderite 
precipitation kinetics as a function of dissolved CO2 in these 
systems. 

Our results uncover an authigenic pathway triggered by the 
simple deposition of basalt in anoxic, dilute water bodies on 
Mars devoid of CO2; this is consistent with in-situ observations 
collected to date. Our results also allow for the possibility that 
dissolved CO2 at Gale Crater at this time may have been 
negligible, raising broader questions about its role in 
maintaining climate conditions that favored liquid water on the 
ancient martian surface. 
 
[1] Grotzinger, J. et al (2014) Science, 343 [2] Vaniman, D. et 
al (2014) Science, 343 [3] McLennan, S. et al (2014) Science, 
343 
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As group IVA elements in the periodic table, Ge and Si are 

geochemically similar and behave in systematic ways relative 
to one another in many surficial environments. For this reason, 
much focus has been directed at developing Ge as a tracer for 
Si cycling. However, unequivocal application of the Ge proxy 
has been hampered by unknowns in the global Ge cycle, in 
particular the suggestion of additional, but unrecognised, 
marine Ge sinks. 

Ge uptake from suboxic/anoxic marine sediment pore 
waters points strongly toward an early diagenetic Ge removal 
process [1-4]. The depositional and chemical conditions 
characterising these locations show a striking resemblance to 
those marked by diagenetic silicate formation (or revese 
weathering), as previously suggested [5,6]. Here, we employ 
an experimental approach to test the hypothesis that reverse 
weathering and silicate diagenesis might remove Ge 
(disproportionately from Si) following opal dissolution in Fe-
rich reducing marine sediments.  

Our experiments are focused on Fe-rich layer silicate 
neoformation from synthetic seawater as a function of pH, 
[SiO2(aq)], [Fe] and [Ge]. Here, pH was buffered using the 
non-metal complexing MOPS buffer, and varied from 7.0-8.0. 
Experiments were prepared and executed in a glovebox 
maintained at O2(g) < 1ppm, triply-wrapped in Al-foil and 
periodically sampled. Solids were filtered and air dried in the 
glovebox, and analysed by XRD (under glycerol), FT-IR (in 
the glovebox), and by TGA/DTA, and HR-TEM. 

Results indicate that layer silicate nucleation is relatively 
rapid (on the order of weeks-months) and often involves the 
significant sequestration of Ge from solution. This suggests 
that reverse weathering-type reactions may represent an 
important Ge uptake mechanism, helping to reconcile Ge pore 
water studies and possibly bringing the Ge cycle a step closer 
towards mass balance. 

 
[1] Murnane et al (1989) GCA 53, 2873-2882 [2] Hammond et 
al (2000) GCA 64 (14), 2453-2465 [3] McManus et al (2003) 
GCA 67 (23), 4545-4557 [4] King et al (2000) GCA 64 (8), 
1375-1390 [5] Froelich and King (1997) EOS 78, F383 
(abstr.). [6] Kurtz et al (2001) Goldschmidt Conference, Abstr. 
#3644  
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Atmospheric tar balls are particles of special morphology 
and composition that form a major subset of brown carbon [1]. 
We generated particles in a laboratory apparatus from liquid 
tar obtained by the dry distillation of wood. The particles were 
studied with a HR-TEM equipped with an energy-dispersive 
X-ray detector. All the characteristic features (e.g. perfectly 
spherical shape, size, homogeneous composition, high C/O 
atomic ratio) of laboratory-generated particles matched those 
observed in atmospheric tar ball particles, as shown in the 
figure below. 

Figure:1 Bright-field TEM images of laboratory-generated tar 
ball particles 

 
Based on our results we suggest that tar balls are formed 

by thermal and/or chemical transformation of ejected primary 
tar droplets upon biomass burning [2]. For the first time we 
experimentally determined the optical properties of tar ball 
particles and compared them to those of other subsets of the 
black-to-brown carbonaceous aerosol continuum. 

Acknowledgement: The research of A.Gelencsér was 
supported by the European Union and the State of Hungary, 
co-financed by the European Social Fund in the framewok of 
the TÁMOP 4.2.4.A/2-11/1-2012-0001 National Excellence 
Program. 

 
[1] Andreae & Gelencsér (2006) Atmos. Chem. Phys. 6, 3131–
3148 [2] Tóth et al (2013) Atmos. Chem. Phys. Discuss. 13, 
33089−33104 
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99Tc is one of the most abundant long-lived components of 
SNF (half-life of 2.14×105 a and a fission yield of ~6%), which 
possesses high mobility under oxidizing conditions as Tc(VII) 
and low solubility under reducing ones as Tc(IV). Tc mobility 
data under natural conditions is necessary for safety 
assessment of deep geological repositories. 

This work focuses on the interaction of Tc(VII) with 
crystalline rock materials from the generic underground 
research laboratory in Sweden (Äspö Hard Rock Laboratory) 
and from a prospective site of nuclear waste and SNF disposal 
in Russia (Nizhnekansky massif; NK). Drilling of the Äspö 
cores were performed under anoxic conditions to preserve in 
situ conditions. Part of the Äspö diorite (ÄD) was artificially 
oxidized to compare with the original sample.  

It was found, that Tc(VII) immobilization on the 
crystalline rocks is strongly dependent on sample preservation 
conditions, sorption values on ÄD are ~2 times higher for 
unoxidized material in comparison to oxidized one. These 
results can be explained by Tc(VII) reduction to the insoluble 
Tc(IV) oxide by the Fe2+ pool available in the ÄD. Tc(VII) 
reduction was proven by XPS and XANES analyses of granite 
surface after sorption. Rs values for the both oxidized ÄD and 
NK materials are almost similar. Formation of the colloidal 
phase was not detected under the groundwater conditions used 
(pH 8, 0.2 M ionic strenght). Tc desorption is insignificant 
under natural conditions, but after artificial oxidation 
technetium release is increased up to ~95%. 

To investigate the Tc mobility under near-natural 
conditions an unoxidized ÄD core with a natural fracture was 
used for column migration studies. Injections of HTO and 36Cl 
showed long tailings due to the complex fracture geometry 
without anion exclusion under the experimental conditions. Tc 
migration is investigated using 95mTc at a concentration of ~10-

11 M. Tc recovery is inversely dependent on residence time 
showing accelerated reduction kinetics as compared to batch 
sorption studies. 
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Mercury (Hg) is one of the most toxic heavy metals. Its 

dynamic and speciation represent a major environmental and 
health preoccupation. French Guyanese soils contain high 
concentrations of Hg due to biogeochemical background, and 
anthropic activities, especially gold-mining. Several studies 
demonstrated that in soils and under anaerobic conditions, the 
mobility of heavy metals was correlated to dissolution of iron 
oxyhydroxides and the degradation of organic matter, there is a 
lack of information about the importance of these processes on 
the mobility of Hg. Little is available too about the role of 
anaerobic bacteria on the Hg solubilisation and its methylation 
in soils. In this context our study evaluates, for the first time, 
the respective role of major Hg methylating bacteria such as 
sulfate-reducing bacteria (SRB) and iron-reducing bacteria 
(IRB) in soils. Moreover our study aimed to describe the 
relationship between energetic processes developed by 
anaerobic bacteria (fermentation/anerobic respiration) and Hg 
methylation. 

To reach our goals, samples of oxisol (well drained) and 
gleysol (hydromorphic soil) originating from French Guyana 
were incubated in batch reactor under standard anaerobic 
conditions. Different carbon sources were respectively added 
in order to promote different energetic metabolisms 
(fermentation or anaerobic respiration). Moreover, inhibitors or 
stimulators of SRB or IRB were used to promote one of both 
microbial guilds. 
First results showed that Hg methylation could take place in 
oxisol in situ under temporary anaerobic conditions which 
could occur after heavy rain for example. The highest global 
bacterial activity and iron reduction were observed in 
microcosms containing a fermentable carbon source (glucose), 
but little monomethylmercury was detected. However the Hg 
methylation was higher in microcosms containing acetate or 
lactate which promote anaerobic respiratory metabolism. 
Ongoing molecular analyses and using SRB/IRB inhibitors 
could define bacterial groups present in the studied soils and 
their respective role in Hg mobilisation and methylation. 
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Despite efforts directed towards acquiring high-precision 

Sm-Nd, Lu-Hf, W, and Re-Pt-Os isotopic systematics for early 
terrestrial rocks, the available database is still limited and a 
number of questions pertaining to the origin and timing of the 
primordial differentiation and mixing of the mantle, as well as 
the nature of possible hidden or missing reservoirs, remain 
unresolved. Initial studies found no terrestrial samples younger 
than 3.5 Ga to have µ142Nd or µ182W values distinct from 
terrestrial standards. This was interpreted as evidence for 
complete homogenization of early formed silicate reservoirs on 
the time scale of ca. 1 Ga [1]. Recent isotopic studies of 
Archean komatiites, however, have shown that the terrestrial 
mantle remained poorly mixed until at least the end of the 
Archean [2,3,4]. Here, we present 142Nd and 182W isotopic data 
for the Boston Creek komatiitic lava flow in the 2.7 Ga Abitibi 
belt, Canada. The primary komatiitic melt to this lava is unique 
in having an FeO content as high as 17 wt.%, strong depletions 
in heavy REE and Al, and enrichments in light REE. These 
characteristics indicate derivation from a strongly incompatible 
trace element-enriched mantle source. Rocks from this flow 
were also shown to be characterized by initial ε143Nd = +2.5 
[5] and γ187Os = -3.8 [6], indicating derivation from a mantle 
domain with long-term suprachondritic Sm/Nd and 
subchondritic Re/Os ratio. Rocks from the flow have small, but 
resolvable depletion in 142Nd and enrichment in 182W, with 
µ142Nd and µ182W values of -3.9±2.2 and +7.0±2.0 ppm, 
respectively (2σSE). The presence of the 142Nd anomaly 
indicates involvement of mantle domains with sub-terrestrial 
Sm/Nd that likely formed within the first 300 Ma of solar 
system history, yet survived in the mantle until at least the time 
of komatiite formation at 2.7 Ga. The W isotopic anomaly 
likely requires the formation of a reservoir with elevated Hf/W 
within the first 50 Ma of solar system history. The mechanism 
for the generation of the 182W anomaly in the source of these 
rocks remains to be established, as well as whether or not the 
W and Nd anomalies are related. Determination of initial 
186Os/188Os isotopic composition and HSE abundances is 
expected to help resolve these issues.  
 
[1] Caro G. et al (2006) GCA 70, 164-191 [2] Touboul M. et al 
(2012) Science 335, 1065-1069 [3] Debaille V. et al (2013) 
EPSL 373, 83-92 [4] Puchtel I.S. et al (2014) GCA 125, 394-
413 [5] Stone W.E. et al (1995) Chem. Geol. 121, 51-71 [6] 
Walker R.J and Stone W.E. (2001) Chem. Geol. 175, 567-579 
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This work was made within the framework of the network 

IDAF (IGAC/DEBITS/Africa). It concerns the follow-up of 
the acidity of the atmosphere of an ecosystem of wet savanna 
from the organic fraction of the free acidity. It is a question of 
understanding the major factors which cause the variability of 
this organic acidity in the interannual and seasonal scales. 
During ten-year period (1995- 2004) 860 rainy samples were 
collected in the wet savanna of Lamto. By using Henry's law, 
we determined the contents in the air of major organic 
monoacids (HCOOH and CH3COOH) from the concentrations 
of these acids measured in rains. The annual partial pressure of 
organic monoacids on the decade is extremely variable. It is 
0,675 ± 0,56 ppb and of 0,413 ± 0,14 ppb respectively for the 
formic acid and for the acetic acid. This strong variability is 
bound to their various sources which are also very variable 
from one year to the next. The organic acidity varies from 40 
% to 60 % on average and almost stable rest from a season to 
the other one. The seasonal analysis shows that generally the 
partial pressures of organic acids are of a factor twice as raised 
in dry season that in wet season. This difference is not 
inevitably connected to the quantity of haste registered from a 
season to the other one. But would more be connected to the 
biomass burning which contribute from 21 % to 51 % to the 
formation of organic acids in the wet savanna of Lamto. 
 
[1] Yoboué V, C. Galy – Lacaux; Lacaux J.P, and S. Silué; 
2005: Rainwater Chemistry and Wet Deposition over the Wet 
Savanna Ecosystem of Lamto (Côte d’Ivoire), Atm Envi. 52, 
117 – 141. [2] Kouadio, G., Jean Servant, Bernard Cros and 
Robert Delmas, 1991: Carboxylic monoacids in the air of 
Mayombe Forest (Congo): Role of the forest as source or sink, 
J. Atmos. Chem. 12, 367-380 
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Zircon can structurally accommodate a range of trace 

elements including U, Th, Ti, and rare earth elements  
(REEs). Radioactive parents and their decay products (e.g., Pb-
isotopes, 4He, and intermediates in the decay chain) are used 
for "traditional" U-Th-Pb geochronology, 230Th/232Th vs. 
238U/232Th isochrons to reveal timescales of crystallization in 
the thousands of years, and (U-Th)/He themochonology. The 
distribution of these elements in accessory minerals is of key 
importance; the concentrations are believed to be influenced at 
least by temperature and melt composition, but are typically 
assumed to reflect equilibrium lattice-melt partitioning. Here, 
we explore heterogeneous uptake of trace elements (U, Th, and 
rare earth elements) in sector-zoned zircons by experiment and 
analysis of natural samples.  

Sector-zoned zircons were produced in the presence of U 
and Th (REEs were added to reveal growth sectors by CL[1]) 
and were analyzed by electron microprobe and LA-ICP-MS. 
When growth bands are followed across sectors, U and Th 
concentrations change by a factor of ~1.5 to 3.5, suggesting 
growth-face dependent decoupling of U and Th in the near 
surface of the growing crystal. Contemporaneous growth 
regions of different sectors also yield different Th/U ratios. 
Such variations have implications for 230Th/232Th vs. 238U/232Th 
geochronology in sector-zoned crystals, and may also provide 
useful information for (U-Th)/He themochonology models 
because: (i) these crystals could obtain a heterogeneous 
distribution of He resulting from sectoral variation of Th and 
U; and (ii) He diffusion in zircon is anisotropic[2]. 

Other systems also exhibit sector zoning; for example, 
while Ce LIII XANES spectroscopy of Bishop Tuff zircons 
reveal systematic core to rim increases in Ce4+/Ce3+ (analytical 
"spot" size = 2x4 μm), grains also exhibit differences in 
Ce4+/Ce3+ among sectors. If coupled with high precision ages, 
Ce valence may enable a direct assessment of secular changes 
in magma oxidation state over small time intervals, once the 
equilibrium and kinetic factors that influence the Ce4+/Ce3+ in 
zircon are understood.  
 
[1] Hanchar, J.M. et al (2001) Am. Min 86, 667-680 [2] 
Cherniak, D.J. et al (2009) Chem. Geol. 268 155-166 
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Plate tectonics conception distinguishes subduction driven, 
transpression type and collision type orogens [1]. Modern 
isotope methods and techniques allow to investigate protolithes 
composition, estimate duration of granites formation and 
orogenic events [2-3]. We carry out here comparative analysis 
of granite batholithes formation dynamics in different types of 
orogenic structures. 

We suggest approach for reconstruction of geodynamic 
conditions of granite batholithes formation based on 
thermochronologic investigations. It was ascertained that 
granite batholithes formed in conditions of postcollision 
extension ascend to the depth of 5-6 km faster than in 5-6 Ma. 
Higher Himalaya Leucogranite, Tethyan Himalaya 
Leucogranite, Mesozoic Metamorphic Core Complexes from 
North America and Europe, Late Paleozoic Cornubian 
batholithe (SW England) and Kalba-Narym batholithe (Eastern 
Kazakhstan) can be considered as characteristic example. The 
granite batholithe formed in conditions of subduction driven 
and transpression type orogen ascend to the depth of 5-6 km in 
5-6 – 30 Ma. Ascend duration depends from specific features 
such as subduction direction, spreading ridge subduction etc. 
In a case of transpression type orogen granite batholithe ascend 
can be “freezed” up to 30 Ma and even more. 

We apply approach suggested for interpretation of 
thermochronological data for granite batholithe and 
metamorphic complexes from Central Asian Orogenic Belt [3-
4].  

Research carryed out in TSU and sponsored by Presidium 
SB RUS (IP ONZ-10.3, PFI 77) and RFBR (№№ 14-05-
00747, 14-07-00712). 
 
[1] Şеngör A.M.C. et al // Nature, 1993, v. 364, р. 299–307 
[2] Vladimirov A.G. et al // Russ. Geol. Geoph., 2003. V. 44. 
N12. P. 1321-1338 [3] Travin A.V. et al // Proceedings of 
XLVI Tectonic Conference, Moscow, 28 January – 1 
February, 2014 [4] Kotler et al // Mineralogical Magazine. 
Goldschmidt 2013. V. 77. № 5. P. 1503 
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Mammalian tooth enamel consists of ~96% carbonate-
apatite. Enamel forms in two stages, apposition and 
maturation. During apposition, a mineral-poor, protein-rich 
matrix is deposited. Although this matrix contains only ~25% 
of the total mineral content of mature enamel, crucially, it 
contains ~50% of the final CO3 content (i.e. concentration of 
CO3 is ~2x higher than in mature enamel). During maturation, 
enamel crystallites coarsen and infill, and this stage dominates 
the PO4 wt% of the mature enamel [1]. Both the CO3 and PO4 
components of enamel are commonly analyzed for δ18O. If 
apatite that forms during apposition never equilibrates during 
maturation, δ18O values from the CO3 component should be 
biased towards appositional values relative to PO4. Using a 
simple model of enamel formation [2] we predict that, for a 
sinusoidal input signal, δ18O values of CO3

 should show the 
same period but a higher amplitude and a positive phase shift 
relative to PO4 values. This also implies a non-constant offset 
between CO3 and PO4 δ18O.  

To test whether CO3 isotopes are biased towards 
apposition, we collected 36 serial samples along the growth 
axis of an Equus ferus caballus (horse) tooth and analyzed 
them for δ18O values from both CO3 and PO4. The cross-
correlation between smoothed profiles for each component 
shows no discernable lag (r = 0.94). Similarly, the root mean 
squared error between the PO4 and CO3 profiles shows a 
minimum error at zero lag, although lags up to −2mm are 
feasible. Likewise, the amplitude of the CO3 component is 
dampened relative to PO4. These results differ from previous 
predictions leading to two possible interpretations: 1) During 
enamel formation a portion of the CO3 component partially re-
equilibrates during maturation while the PO4 does not. 2) Both 
components re-equilibrate during maturation and the 
contribution from the initial matrix is lost. Both options would 
explain the absence of a time-lag between CO3 and PO4 but 
neither explains well the greater dampening of the CO3 profile 
relative to PO4. Disparities in CO3 vs. PO4 equilibration during 
enamel formation help explain scatter in Δ18O(CO3-PO4) 
observed in modern and fossil teeth.  
 
[1] Sydney-Zax, Mayer, & Deutsch (1991) Journal of Dental 
Research, 913-916 [2] Passey & Cerling (2002), Geochimica 
et Cosmochimica Acta, 3225-3234 
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Trace element records in speleothems are commonly 

interpreted as weather-induced hydrologic conditions in the 
epikarst (e.g., dripwater residence times, prior-calcite-
precipitation or PCP). But these records are difficult to 
quantify without in situ calibrations between cave hydrology 
and calcite chemistry. In this study at Hollow Ridge Cave 
(HRC) and Dragon’s Tooth Cave (DTC) in Marianna, Florida 
(USA), cave dripwater, bedrock, and modern calcite (farmed 
seasonally in situ) were collected along with continuous 
rainfall amount and drip and ventilation rates [1, 2]. Anions, 
cations, and trace elements were measured to examine the 
relationships among rainfall, drip chemistry and calcite 
chemistry [2]. Sr/Ca and Mg/Ca ratios were used as diagnostic 
indicators of water source. Dripwater Mg/Ca and Sr/Ca ratios 
are distinct at each drip site and fall on coherent mixing lines 
between three geochemical endmembers; rainwater, dissolved 
limestone, and dissolved dolomite (Figure). Farmed calcite 
cation/Ca ratios faithfully track seasonal variations in 
dripwater chemistry for Na, Mg, Sr, Ba and U. However, trace 
element calibrations are unique to each drip site / speleothem 
pair regardless of proximity, suggesting that individual 
speleothems are not necessarily whole-cave hydrologic 
proxies.  
 
Figure: Dripwater 
Sr/Ca vs. Mg/Ca 
ratios. The Sr/Mg 
slope at each drip 
site reflects mixing 
between rainwater 
and dissolved bed-
rock limestone or 
dolomite. Dry period 
(increases in) PCP 
drives hydrochem-
istry out along vectors. Wet period (decreases in) PCP drives 
hydrochemistry down toward dissolved bedrock composition.  
 
[1] Tremaine et al (2011) Geochim. Cosmochim. Acta 75, 
4929-4950 [2] Tremaine and Froelich (2013) Geochim. 
Cosmochim. Acta 121, 522-545 
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Speleothem stable isotopes are excellent terrestrial 

archives of contemporaneous climate data, due in part to 
advances in dating techniques and sampling resolution over the 
last decade. Recent cave monitoring studies have demonstrated 
that, under the right conditions, in situ calibrations between 
meteorological parameters, drip chemistry, and modern calcite 
chemistry atop stalagmites allow quantitative interpretation of 
those stalagmites [1, 2]. Here we present a calibrated 4 kyr-
present speleothem paleorainfall record retrieved from Hollow 
Ridge Cave (HRC), Marianna, FL, USA. 

Speleothem HRC2 was sampled at 0.5 mm (5 yr) intervals 
for isotopes and trace elements. Preliminary 14C dates indicate 
that HRC2 grew continuously (0.1 mm/yr) from 4 kyr to 2.4 
kyr, and from 1.5 kyr to present (see Figure). HRC2 displays 
~1‰ variation in δ18O on 25-50 year cycles, and three major 
(~4‰) excursions in δ13C which we interpret as changes in 
ventilation and drip CO2 degasing. Negatively-correlated 
Mg/Ca and Sr/Ca suggests that source hydrochemistry is 
controlled by variable mixing between dissolved limestone and 
dolomite [2]. Constant speleothem Sr/Mg (bedrock mixing) 
ratios are prerequisite for interpreting δ18O as simply rainfall 
amount [2]. Therefore, variations in HRC2 δ18O represent a 
combination of rainfall amount, source, and in situ PCP that 
must be teased apart.  

[1] Tremaine et al (2011) GCA 75, 4929-4950 [2] Tremaine 
and Froelich (2013) GCA 121, 522-545 
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The eastern Lhasa block marks the transition from the 

internally drained interior to the rapidly incising edge of the 
Tibetan Plateau and is characterized by 1-1.5 km of relief, 
superimposed on a mean eastern plateau elevation of ~4.5 km. 
To explore the erosional response of the Lhasa block to 
evolving tectonic and climatic conditions of the Himalaya-
Tibet orogen, we conducted apatite and zircon (U-Th)/He as 
well as apatite 4He/3He analyses on granites of the Gangdese 
batholith from a 1.1 km elevation transect at the eastern 
headwaters of the Lhasa River. Apatite (U-Th)/He ages from 
the transect are relatively invariant with elevation (11-15 Ma), 
and inverse modeling of 4He/3He data indicate at least 2km of 
exhumation over ~3 Ma in the middle Miocene, followed by 
slow to negligible erosion rates to the present. However, zircon 
(U-Th)/He ages have a strong age-elevation relationship from 
15 to 40 Ma. 1D thermal modeling suggests low and high 
elevation samples experienced different cooling paths, but 3D 
thermal modeling suggests that topographic effects on the 
shape of isotherms alone cannot account for the different 
histories. We explore other scenarios that produce differential 
cooling histories across the elevation transect. Regional tilting 
could result in differential cooling and is supported by N-S 
asymmetry of the position of the main divide, but is difficult to 
reconcile with the known structural evolution of the Lhasa 
Block. Alternatively, topographic evolution through local 
drainage divide migration may occur independently of regional 
tilting and on much shorter length scales, which has 
implications for the evolution of the regional drainage 
network. We will present results of 3D thermokinematic 
modeling and discuss potential implications for the 
topographic evolution of the eastern Lhasa block. 
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We investigated the role of mycorrhizal fungi in 

sequestering or releasing carbon from soils under global 
change, particularly anthropogenic nitrogen enrichment. Our 
goal was to determine whether fungi might form positive or 
negative feedbacks on climate change by mediating 
atmospheric carbon dioxide. We examined this issue in boreal 
soils in Alaska, where a significant portion of the Earth’s 
carbon is stored. We used microscopy and DNA sequencing to 
characterize shifts in the abundance and diversity of fungi 
under nitrogen enrichment, and we found that ectomycorrhizal 
abundance and fungal diversity declined. In addition, soil CO2 
efflux slowed. To examine rates of uptake of organic 
compounds by fungi, we used nanotechnological “quantum 
dots” to visually track movements of (labile) glycine and 
(recalcitrant) chitosan through the soil and into ecto- and 
arbuscular mycorrhizal fungi in the field. We observed that 
ecosystem-level uptake rates of glycine as well as chitosan 
declined as nitrogen availability increased. It is possible that 
the use of organic nitrogen by mycorrhizal fungi may decrease 
as a result of nitrogen enrichment. Overall, our findings 
suggest that in the short term, mycorrhizal fungi may form a 
negative feedback on global warming owing to decreases in 
their abundance, use of recalcitrant organic nitrogen, and soil 
respiration. 
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40Ar-39Ar dating is an important tool to decipher the 

thermal history of chondrites and other meteorites. Due to the 
fine-grained nature of primitive extraterrestrial matter, most 
Ar-Ar studies use rather whole rocks instead of mineral 
separates. Exceptions are a few studies investigating feldspar 
and pyroxene separates by high resolution stepwise degassing, 
e.g. of eucrites [1,2] or chondrites [3]. While the diffusion 
characteristics of extraterrestrial pyroxene [3] is similar to 
terrestrial pyroxene with only limited dependence on structure 
and chemistry [4], feldspars display more variability. E.g., Ca-
rich plagioclase from unshocked eucrites [1] has an argon 
release pattern distinct from maskelynite in martian 
shergottites [5,6], and distinct from the predominantly sodic 
plagioclase (oligoclase) found in unshocked equilibrated 
ordinary chondrites or A-L chondrites [3,7]. In the two latter 
cases, oligoclase feldspar turns out to be the major carrier 
phase and, hence, whole rock ages can be considered as 
feldspar ages with the closure temperature of oligoclase of 
550+-20 K [3,7]. Proper evaluation of closure temperature 
requires determination of diffusion parameters (frequency 
factor D0, activation energy Q) via Arrhenius diagrams. Here, 
several artifacts falsifying diffusion parameters have to be 
excluded, e.g. effects of i) grain size distributions (in some 
cases caused by grain fracturing due to weak shock), ii) 
disturbance by minor K-bearing phases, iii) possible 
heterogeneity of the distribution of potassium. If closure 
temperatures are properly evaluated [7], and high precision Ar-
Ar ages are calibrated accurately against other chronometers 
like U-Pb-Pb [8], cooling histories can be modeled by thermal 
evolution models of meteoritic parent body histories [9,10]. 
These allow reconstruction of parent body properties like size, 
initial porosity, and formation time. 
 
[1] Korochantseva et al (2005) Met. Planet. Sci. 40, 1433-1454 
[2] Kunz J. et al (1995) Planet. Space Sci. 43, 527-543 [3] 
Trieloff M. et al (2003) Nature 422, 502-506 [4] Trieloff M. et 
al (1997) Geochim. Cosmochim. Acta 61, 5065-5088 [5] 
Korochantseva et al (2009) Met. Planet. Sci. 44, 293-321 [6] 
Schwenzer S.P. et al (2008) Met. Planet. Sci. 43, 1841-1859 
[7] Pellas P. et al (1997) Geochim. Cosmochim. Acta 61, 3477-
3501 [8] Schwarz W.H. et al. (2011) Geochim. Cosmochim. 
Acta 75, 5094-5096 [9] Henke S. et al (2013) Icarus 226, 212-
228 [10] Henke S. et al (2012) Astron.&Astrophys. 537, A45 
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The lithophile-siderophile 182Hf-182W decay pair is well-

suited for constraining the timing of planetary core-formation 
events by coupling the isotopic growth of 182W resulting from 
the decay of 182Hf (T1/2 = 8.9 Myr) and elemental Hf/W ratios. 
In addition, the presence of late-accretion extraterrestrial 
and/or core-derived materials can be detected through high-
precision analyses down to the ppm-level [1]. High-precision 
Tungsten isotope analyses by MC-ICP-MS [2] are now 
challenged by N-TIMS analyses that yield a long-term 
reproducibility of 5 ppm on 182W/184W [1]. However, a residual 
correlation has been observed between mass fractionation 
corrected 182W/184W and 183W/184W that has been attributed to 
mass dependent variability of O isotopes during analysis and 
from run to run, thus causing some inacurracy in W and Re 
oxide correction. 

The present study on a Thermo Scientific TRITON Plus is 
aimed at investigating the residual mass bias correlation further 
by monitoring 18O/16O during W isotopic analysis so as to 
provide an in-run correction of W and Re oxides. Sample loads 
of 3 µg were run for > 820 cycles of 8 s integration at average 
182W16O3 signals of 0.6-3.5V in single static mode, using 1011 
Ω amplifiers on W and Re oxide beams, with rotation of the 
amplifier-cup association (to average out amplifier gain 
biases). 186W18O16O2 beams of 4-10mV were measured with 
1013 Ω or 1012 Ω amplifier for highly precise and accurate 
18O/16O ratios deterrmination. Data are corrected for W and Re 
oxide interferences by using the measured 18O/16O ratios, and 
for instrumental mass fractionation, by normalizing to 
186W/184W or 186W/183W. The internal precision on 182W/184W 
and 183W/184W normalized to 186W/184W is 3-8ppm (2RSE). 
External reproducibility is 17ppm and 12 ppm (2RSD). The 
internal precision on 182W/183W and 184W/183W normalized to 
186W/183W is 2-8ppm (2RSE). External reproducibility is 
15ppm and 8 ppm (2RSD). The preliminary data do not seem 
affected by secondary residual mass bias and have not been 
doubly normalized [1]. Further analyses will allow assessment 
of how determination of 18O/16O in samples will allow for 
improvement of long-term reproducibility.  
 
[1] Touboul and Walker (2012) Int.J.Mass Spectrom. 309, 109-
117 [2] Holst et al (2013) PNAS 110, 8819-8823 
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The age of coal deposition is crucial for reconstruting the 
thermal history of sedimentary basins and correlating coal beds 
of exploration interest. Radiometeric dating of coal beds in the 
absence of tonsteins, however, has seen only limited success. 
Here, we employ the Re-Os geochronometer, along with total 
organic carbon (TOC) and Rock-Eval data, to determine the 
timing and conditions of a marine incursion at the top of the 
Matewan coal bed, Kanawha Formation, Pottsville Group, 
West Viginia, USA. A modified van Krevelen diagram shows 
Type-I organic matter in these coals; the observed range for the 
hydrogen index (HI: 267-290) indicates dominance of aliphatic 
hydrocarbons with lower carbon chain length (<C19). Average 
Re (107.6 ± 16.4 ng/g) and Os (0.52 ± 0.09 ng/g) 
concentrations are higher by few orders of magnitude than 
those reported earlier for terrestrial coals [1]. A Re-Os 
isochron for the Matewan coal provides an age of 325 ± 13 Ma 
(Model 3; MSWD=12; n =19; 2σ) with an initial 187Os/188Os 
ratio of 0.87 ± 0.88. This first Re-Os age derived from coal 
samples overlaps the age for the overlying Betsie Shale 
Member within uncertainty [2].  

Interestingly, external precision of replicate Os analyses 
shows a positive correlation with HI. The HI is a measure of 
marine influence; thus samples with the most profound marine 
influence also have the best analytical reproducibility. 
Equilibration of Os isotopes with seawater under marine 
conditions swamps variability inherited from terrestrial plant 
debris, decreasing scatter on the isochron. The 187Re/188Os 
ratios of the Matewan coals (3299.4-5134.1) are significantly 
higher than those reported earlier for Phanerozic black shales, 
but overlap that of present-day seawater (~4270). Thus the 
187Re/188Os ratios indicate that both Re and Os are primarily of 
marine origin, and confirm efficient removal of both elements 
from a highly-sulphidic water column into the coal. The 
observed dominance of seawater-derived Re and Os in marine-
influenced coals makes Re-Os geochronology a viable tool for 
constraining depositional ages.  
 
[1] Baioumy et al (2011) Chem. Geol., 285, 70-81 [2]: Lyons 
et al (1997) XIII International congress on Carboniferous and 
Permian, 157, 159-166 
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 “Clumped-isotope” thermometry is based on 
measurements of the proportion of 13C and 18O isotopes that are 
bound to each other within carbonate minerals in 13C18O16O2 
groups, and most applications of the thermometer implicitly 
presume attainment of mineral equilibrium. However, it is 
known that the oxygen isotopic compositions of dissolved 
inorganic carbon (DIC) species vary significantly and that in 
some cases carbonate minerals can preserve a signature of the 
δ18O of the total DIC pool. Therefore determining clumped 
isotope signatures of DIC species and exploring their potential 
to be preserved in the solid phase is a key area that needs to be 
explored in order to develop a realistic assessment of the 
uncertainties associated with the application of this 
temperature proxy.  

We report evidence from theoretical calculations and 
precipitation experiments that proportions of multiply-
substituted isotopologues in CO3

2- and HCO3
- ions are 

significantly different. Values for calcite are similar to HCO3
- 

and may be intermediate to these two DIC species. Factors 
influencing DIC speciation (pH, salinity) and the timescale for 
DIC equilibration, as well as reactions at the solid-solution 
interface, have the potential to influence clumped isotope 
signatures and the δ18O of carbonate minerals. If a crystal 
grows too rapidly to come to internal equilibrium (i.e., achieve 
the value for the temperature-dependent mineral equilibrium), 
it may inherit the clumped-isotope signature of a DIC species 
(e.g., the temperature-dependent equilibrium of HCO3

-) or a 
mixture of DIC species, and hence record a disequilibrium 
mineral composition. However, DIC speciation effects on the 
occurrence of multiply-substituted isotopologues in carbonate 
minerals are likely to be relatively small or even negligible for 
slow-growing crystals, and for samples grown at a HCO3

--
dominated pH from a DIC pool at equilibrium. Solution 
chemistry may be an important factor when examining fast-
growing carbonate minerals; over extremes of pH and and 
salinity these effects could be significant. We suggest that 
growth environment, solution chemistry, surface equilibria, 
reordering in the interfacial region, and precipitation rate may 
all play a role in dictating whether a crystal achieves 
equilibrium or disequilibrium clumped isotope signatures. 
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The biogeochemical studies in the tropical estuaries are 

limited to heavy metals. This paper focuses on the 
concentration variability and biogeochemical behaviour of 
trace elements and rare earth elements (REE) in a tropical 
estuary along the salinity gradient during higher and lower 
river discharge period. The composite estuary of Swarna-
Madisal-Seetha Rivers, west flowing rivers of Southern India 
is studied to understand the biogeochemical processes 
affecting the dissolved and particulate fraction of trace 
elements with varying physico-chemical characteristics and in 
the presence of dissolved organic carbon. The dissolved trace 
elements like Cr, Rb, Sr, Mo, As, Cs, Pb and U increase with 
salinity whereas Fe and Mn decrease with increasing salinity. 
Dissolved Al, Ge, Ba and Ga show higher concentrations at 
mid salinity and lower concentrations at freshwater and 
seawater end members. Dissolved REEs show identical 
behaviour with changing salinity for the three sampling 
seasons. Sr behaves conservatively in Swarna estuary with its 
average isotopic composition (87Sr/86Sr) of 0.7095 in dissolved 
fraction and 0.7286 in particulate fraction. The 87Sr/86Sr in 
dissolved fraction shows silicate dominance signatures with 
isotopic composition of 0.7108 at freshwater end member 
whereas the marine end member isotopic composition 
decreases to 0.7091. The dominant silicate lithology of the 
basin is reflected in the particulate fraction with 87Sr/86Sr 
varying from 0.7406 at freshwater end member to 0.7147 at 
marine end member. 
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Anaerobic oxidation of methane (AOM) is an important 

process of methane removal from sediments. It has been 
proposed that AOM coupled to Fe-oxide reduction may 
complement sulfate driven AOM in methane rich sediments, 
leading to high dissolved Fe concentrations in porewaters of 
methane-bearing, non-sulfidic sediments [1, 2]. Additionally, 
recent incubation experiments have demonstrated that 
sediments amended with ferrihydrite can support sulfate 
independent AOM in both brackish and freshwater 
environments [3,4]; however still very little is known about 
this process. Here, we use a reactive transport model to 
describe the sediment biogeochemistry in an oligotrophic 
coastal marine basin where AOM coupled to Fe-oxide 
reduction (Fe-AOM) has been postulated to occur [1]. At this 
site, there has been a recent upward shift of the sulfate methane 
transition zone (SMTZ). High concentrations of dissolved Fe 
(>2 mM) are observed in the methane-bearing, Fe-oxide rich 
sediments below the SMTZ. We test the hypothesis that 
eutrophication has led to the recent upward shift in the SMTZ, 
submerging a pool of reactive iron oxides in the methanic zone 
and away from available hydrogen sulfide. This redox shift has 
created conditions that allow for AOM coupled to iron 
reduction. The occurrence of the process is recorded in the 
accumulation of reduced dissolved iron at depth. We show that 
the main controls on Fe-AOM in sediments at this site are 
water column salinity (i.e. low sulfate concentrations), higher 
organic matter loading (to cause sulfate depletion) and high 
iron oxide loading. We demonstrate that AOM coupled to iron 
reduction has the potential to significantly alter iron and 
phosphorus cycling and that this process is particularly 
consequential for eutrophic, iron-rich, brackish systems. 

 
[1] Slomp C.P. et al (2013) PLoS ONE 8, e62386 [2] Riedinger 
et al (2014) Geobiology, DOI: 10.1111/gbi.12077 [3] Beal et 
al (2009) Science 325, 184 – 187 [4] Segarra et al (2013) 
Geochim. Et Cosmochim. Acta 115, 15 – 30  
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Mantle volatile abundances reveal critical information 

about the Earth’s origin and evolution such as the chemical 
constituents that built the Earth and material exchange between 
the mantle and exosphere. However, due to magmatic 
degassing, volatile abundances in the solid Earth remain poorly 
characterized. Rayleigh (open-system) degassing is often used 
to model the evolution of volatiles in a magma [e.g., 1] and 
degassing models can constrain volatile characteristics of 
undegassed magmas [e.g., 1,2]. Here we use combined CO2, 
radiogenic (4He* and 40Ar*), nucleogenic (21Ne*), 
fissiogenic (136XeU*) and mantle-derived primordial noble 
gases (3He, 22Ne, 36Ar, 130Xe) in a suite of MORBs to 
investigate degassing processes. 

We find that equilibrium degassing (either closed- or open-
system) cannot simultaneously fit the measured CO2-He-Ne-
Ar-Xe compositions in MORBs. An undegassed magma will 
have 4He*-21Ne*-40Ar*-136XeU* in proportion to their 
mantle production ratios. We find that starting from the mantle 
production ratios, equilibrium degassing would  
fractionate the (4He/40Ar)*, (4He/136XeU)*, (21Ne/40Ar)*, 
(21Ne/136XeU)*, and (40Ar/136XeU)* ratios to significantly 
higher values than those observed in MORBs. To fit our 
observations using equilibriun degassing requires measured 
solubilities of Ne, Ar, and Xe relative to He [e.g., 3] to be a 
factor of ~2, ~5, and ~15 too high, respectively; i.e., the 
heavier the noble gas the more the deviation of the measured 
solubility from the true solubility. While we cannot rule out 
such systematic bias in measured solubilities, a more likely 
explanation is that kinetic fractionation between bubbles and 
melt lowers the dissolved ratios of light to heavy noble gas 
species in the melt. 

To test this hypothesis, we will present a degassing model 
[after 2] that explicitly accounts for diffusive fractionation 
between melt and bubble. The model also allows us to 
simultanously invert the measured carbon and noble gas 
abundances for the concentrations in undegassed magmas. 

 
[1] Colin et al (2013) EPSL 361, 183–194 [2] Gonnermann 
and Mukhopadhyay (2007). Nature 449, 1037–1040 [3] 
Jambon et al (1986) GCA 50, 401–408 



 Goldschmidt2014 Abstracts  

 

2524 

2524 

MORB-type spinels in Karoo 
continental flood basalts, Luenha 

River, Mozambique 
SANNI T. TURUNEN1*, ARTO V. LUTTINEN2* 

AND JUSSI S. HEINONEN3* 
*Finnish Museum of Natural History, P.O. Box 44, 00014 

University of Helsinki, Finland 
1(sanni.turunen@helsinki.fi) 
2(arto.luttinen@helsinki.fi) 
3(jussi.s.heinonen@helsinki.fi) 
 

Olivine-rich tholeiitic lavas exposed along the Luenha 
River, Tete province, Mozambique, erupted during Karoo 
flood basalt magmatism ca. 180 Ma ago. They contain 
translucent, brown aluminous spinel inclusions (20—300 µm) 
hosted in unaltered, large olivine phenocrysts (0.2—10 mm) 
and zoned, vermiform-rimmed spinel phenocrysts (50—500 
µm). Electron Probe Micro-Analyzer (EPMA) Wavelength 
Dispersive X-ray Spectroscopy (WDS) analysis shows that the 
Al-spinel inclusions near the cores of primitive olivine 
phenocrysts (Fo85-87) and the cores of Al-spinel phenocrysts 
have low TiO2 (0.16—0.44 wt.%) and comparatively high 
Al2O3 (23.6—37.5 wt.%) contents identical to MORB spinels. 
In contrast, opaque spinel inclusions within olivine rims as 
well as the rims of spinel phenocrysts are relatively high in 
TiO2 (1.1—1.8 wt.%) and low in Al2O3 (11.7—17.4 wt.%), 
and classify as Cr-spinel and chromite. The Al-spinel has #Cr 
of 0.32—0.46 and #Mg of 0.60—0.70, whereas the Cr-spinel 
and chromite have #Cr and Mg# of 0.45—0.57 and 0.25—
0.58, respectively. The Luenha high-Mg lavas exhibit 
komatiitic (olivine cumulate) to basaltic compositions. Similar 
to most Karoo flood basalts, their Nd and Sr isotopic as well as 
incompatible trace element ratios suggest involvement of 
lithospheric source components. 

Given the low diffusion rates of Ti and Al in olivine, the 
spinel inclusions probably represent compositions in 
equilibrium, or nearly so, with the parental melt. The Al-
spinels found as olivine-hosted inclusions and phenocrysts plot 
within the same low-Ti, high-Al MORB-affinity field, which 
suggests crystallization from similar parental melts under the 
same temperature and pressure conditions. In comparison, 
previous studies of Karoo picrites have indicated high-Ti and 
low-Al spinel compositions charasteristic of LIP or OIB type 
magmas. We speculate that the MORB-type liquidus spinel in 
the Luenha picrites may implicate a previously undocumented 
low-Ti and high-Al parental magma type for Karoo province.  
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The δ2H isotopic composition of leaf waxes is used 

increasingly for paleohydrological and –climate 
reconstructions. However, it is challenging to disentangle past 
changes in the isotopic composition of precipitation and 
changes in evapotranspirative enrichment of leaf water.  

We analyzed δ2H on n-alkanes and fatty acids in topsoils 
along a climate transect in Argentina, in adition to our 
previously established δ18Osugars record. Our results corroborate 
that leaf wax biomarkers primarily reflect the δ2Hsource water 
(precipitation), but are modulated by evapotranspirative 
enrichment. A mechanistic model is able to produce the main 
trends in δ2Hlipids along the transect, but seems to slightly 
underestimate evapotranspirative enrichment in arid regions 
and overestimate it in grass-dominated ecosystems. 

Assuming constant biosynthetic fractionation and 
combining δ2Hn-alkanes and δ18Osugars biomarkers, the isotopic 
composition of leaf water can be calculated, which also yields 
the deuterium excess (d-excess), mainly reflecting the 
evapotranspirative enrichment. The d-excess can be converted 
to relative air humidity (RH). The high correlation with actual 
modern RH, as well as the good agreement between 
reconstructed and actual δ2H and δ18O of precipitation along 
the transect generally validates our approach and highlights the 
great potential of combining δ2H and δ18O of lipid and sugar 
biomarkers for paleoclimate research. 
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Field samples of mafic and ultramafic materials are nearly 

always hydrothermally altered in some way. The hydration 
process requires, however, that surface-derived, water-rich 
fluids penetrate into and permeate throughout the intially 
completely impermeable rock matrix during the relatively brief 
time that the rock spends at pressures and temperatures 
conducive to the alteration reactions. Although flow paths and 
permeability will be generated through tectonic processes such 
as detachment faulting, it appears likely that a significant 
amount of the porosity and permeability are generated at the 
nano- to micrometer scale as a result of local overpressuring 
related to serpentinization reactions. To explore this process, 
we have conducted synchrotron x-ray computed tomography 
(XRCT, 0.75 µm pixel size) and (Ultra) Small Angle Neutron 
Scattering ((U)SANS, ~10 nm – ~10 µm effective resolution) 
on two serpentinized troctolite samples. The first sample, from 
IODP 1309D drill core, was chosen to illustrate the evolution 
of porosity generation and distribution with increasing 
alteration percentage. Preliminary analysis indicates that, as 
serpentinization reactions proceed, nano-scale pores are 
generated at the expense of those at the micrometer scale. The 
second sample, from Bardon Peak in the Duluth Complex of 
northern Minnesota, was chosen to illustrate the evolution of 
porosity as fluids penetrate into the side walls of tectonically 
produced fractures. Preliminary analysis of these samples 
indicates that, although the core of the fracture appears visually 
to be completely filled with alteration products, it maintains a 
significant amount of micrometer-scale pores that likely allow 
continued fluid fluxes. The sustained fluid flux, in turn, allows 
continued penetration into and alteration of the fracture walls. 
Together, the XRCT and (U)SANS data provide an important 
and unexplored view of the evolution of porosity and 
permeability during serpentinization of mafic and ultramafic 
material. 
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Trace metals such as Mn, Fe, Co, Ni, Cu and Zn are 

required for numerous physiological functions in marine 
phytoplankton, and their availability can limit phytoplankton 
growth and community composition. Cellular metal quotas 
vary in response to dissolved concentrations in culture, but 
much less is know about quota variability in natural 
phytoplankton communities. Synchrotron x-ray fluorescence 
analysis was used to measure metal quotas of phytoplankton 
collected across oceanic gradients in dissolved and particulate 
metals in the northeast Pacific Ocean (GeoMICS cruise) and 
North Atlantic Ocean (US GEOTRACES cruise). In general, 
cellular responses to metal gradients are highly taxon-specific, 
with some groups clearly responding to gradients and others 
remaining relatively constant. Simultaneous shifts in 
community composition between coastal and oceanic 
environments further complicate our ability to discern 
relationships. I will summarize findings from both cruises and 
draw conclusions for representation of quota plasticity in 
biogeochemical models. 
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Rock weathering releases elements to the multiple 
compartments of the Critical Zone. These weathering 
processes and fluxes can be inferred using stable metal 
isotopes. We apply Mg isotopes in a small forested watershed 
on granodiorite bedrock in the southern Sierra Nevada, 
California (Southern Sierra Critical Zone Observatory), to 
identify the pathways of Mg and to quantitatively assess the 
relative contributions of physical erosion and chemical 
weathering directly from Mg isotope data.  

Dissolved Mg in soil water, stream water and the 
exchangeable fraction from soil and saprolite is isotopically 
lighter than the source rock, showing a dominent control by 
uptake of heavy Mg into plants. Time series of stream water 
samples indicate a seasonal control on dissolved stream water 
Mg isotope compositions. Solid weathering products (soil, 
saprolite, bedload and suspended load) are isotopically 
identical to bedrock, suggesting that isotope fractionation 
during chemical weathering of bedrock and formation of clay 
minerals do not dominate the isotopic mass balance. 

Using an isotope mass balance model [1], we estimate the 
ratio of Mg physical erosion to Mg dissolved export at this 
field site solely from Mg isotope ratios of stream water and 
bedload. Particulate export from the weathering zone accounts 
for up to 95% of Mg loss from regolith. These isotopically 
derived estimates are consistent with weathering fluxes derived 
from measurements of stream water Mg concentrations and 
discharge and also from 10Be-derived chemical weathering 
rates [2]. Our findings indicate a kinetically-limited weathering 
regime operating at steady state. 

 
[1] Bouchez, J., von Blanckenburg, F., Schuessler, J.A. (2013) 
Modeling novel stable isotope ratios in the weathering zone, 
American Journal of Science, 313, 267-308 [2] Dixon, J. L., 
Heimsath, A. M., Amundson, R. (2009) The critical role of 
climate and saprolite weathering in landscape evolution, 
E.S.P.L, 34, 1507-1521 
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Several mechanisms have been proposed to explain silicic 
melt generation associated with large igenous provinces and 
rifted margins (e.g. extreme fractional crystallization from a 
basaltic melt ± crustal assimilation; melting of lower crustal 
rocks by mafic intrusions). Silicic magmatism is an important 
component of the Oligocene Afro-Arabian province. Trace 
element isotope data indicate a close genetic relationship 
between the basalts and most silicic units, but a small group of 
silicic units have distinct features (high Zr/Nb, low 
143Nd/144Nd) that are interpreted as crustal melts (e.g. Ukstins 
Peate et al. 2005).  

Oxygen isotopes are a powerful tool to constrain 
contributions from crustal materials. Baker et al. (2000) 
presented extensive mineral δ18O data on Yemen basalts, but 
only included a few cpx δ18O analyses on silicic units. We 
mainly analysed δ18O in feldspar, as quartz is only found in a 
few silicic units. Most silicic units temporally associated with 
the flood basalts have a limited range in δ18Ofeldspar of +5.9-
6.8‰, consistent with the extensive fractional crystallization 
model proposed by Baker et al. (2000). However, our 
preliminary data on the rare high Zr/Nb silicic units show 
significantly higher δ18Ofeldspar of +7.5-8.1‰.  

The Ethiopia rifted margin preserves a record of pre- to 
syn-rift silicic melt generation spanning from 31 Ma to < 3 Ma. 
Analysis of 40Ar-39Ar-dated silicic samples (Ukstins Peate et 
al. 2002) show two distinct groups: (i) samples from 3.2 Ma to 
10.3 Ma have δ18Ofeldspar of +6.0-6.8‰ similar to the 28-31 Ma 
silicic units associated with voluminous flood basalts; (ii) in 
contrast, samples from 11.7 Ma to 25 Ma have lower δ18Ofeldspar 
of +5.1-5.6‰.  

These new oxygen isotope data will be integrated with 
elemental and radiogenic isotope data to improve models for 
silicic melt generation in the Afro-Arabian province. 

 
[1] Baker et al (2000). J. Petrol. 41, 1805-1820 [2] Ukstins 
Peate et al (2002). EarthPlanetSciLett 198, 289-306 [3] 
Ukstins Peate et al (2005). Bull. Volc. 28, 135-156 
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Mineral carbonation has been suggested as an option for 

long term sequestration of anthropogenic CO2[1]. It is in this 
respect critical to know whether the growth of carbonate 
minerals will clog pore space, and thus limit further transport 
of CO2 into the rock, or whether the carbonate growth will 
exert enough stress on the host rock to make it fracture, thus 
forming new fluid pathways.  

In this work, we perform a numerical study of field data 
from the weathering process in a sub-arctic serpentinized 
dunite in the Feragen Ultramafic Body (FUB) in eastern 
Norway. We present how chemical processes are weakening 
the rock mechanically by dissolving brucite contained in the 
serpentine, and how carbonate minerals readily fracture the 
weakened rock. 

We achieve an improved understanding of how coupled 
chemical and mechanical processes can increase the rate of 
weathering and carbonation, thus improving our ability to 
determine whether industrial scale mineral carbonation is a 
viable option for long term storage of CO2. 

 
[1] Kelemen, P. B., and Matter, J., (2008) Proceedings of the 
National Academy of Sciences of the United States of 
America, Vol. 105 (45): pp. 17295 - 17300 
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The kharbey metamorphic complex is located in the 
southern Sobsky risepart in the Polar Urals. The complex age 
is considered to be early proterozoic on available dating and 
the highly metamorphosed rocks composing it – amphibolites, 
schists and plagiogneiss. The purpose of this paper is to 
reconstruct geodynamic conditions of rocks protoliths 
formation of the kharbey complex. 

We have previously studied in detail amphibolites and 
amphibole schists, resulting in their formation from basalts and 
andesite-basalts of the marginal (backarc) sea was set . In this 
paper we’ll take a look more closely at various plagiogneiss. 

Plagiogneiss are interbedded in accordance with massive 
amphibolites, have clear contacts with them, gneissoid texture 
and lepidonematogranoblastic structure. Amphibole-biotite-
epidote, amphibole-clinozoisite-muscovite, garnetiferous two-
mica, chlorite-muscovite plagiogneiss intersperse with 
schistose amphibolites in the central and north-western 
complex parts. 

The plagiogneiss composition points have been located in 
the area of thin clay and clay graywackes and subgraywackes. 
Several points of the compositions have come to a syenites 
field possibly due to Predovsky rocks granitization. 

The composition points of the studied rocks have been 
located in fields or near fields of the continental festoon islands 
and dynamic continental margin on M.R. Bhatia graphs.  

Thus, we can conclude that plagiogneiss protoliths of the 
kharbey complex were immature siltstone-aleurolite rocks of 
mainly greywacke composition formed in geodynamic 
conditions of the dynamic continental margin, in particular the 
marginal sea, a demolition source of which were both 
continental slope volcanites and, perhaps, the island arcs 
formation. 

The work was supported by the Basic Research Program of 
RAS № 12-И-5-2022. 

 
[1] Ulyasheva N.S. The kharbey complex metabasites (The 
Polar Urals) / Ex. ed. A.M. Pystin. Syktyvkar, 2012. 98 p. 
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Both the Izu-Ogasawara (Bonin)-Mariana (IBM) Arc and 
the Oman Ophiolite preserve the entire geological records of 
intra-oceanic subduction initiation and arc evolution. 
Specifically primitive boninite sequences provide the 
evolutionary history of thermochemical structure of the wedge 
mantle. We present the characteristics and genetic conditions 
of primary boninitic magmas determined by melt inclusions in 
Cr spinel, based on which we will discuss the divergent fate of 
the long-standing IBM Arc and the failed subduction zone in 
the Oman Ophiolite. 

Melt inclusions comprise homogeneous glass with 
boninitic compositions with high SiO2 of 53-63 wt% and 
higher MgO of 16-23 wt% than the bulk composition of 
boninite. Combination of olivine-liquid and olivine-
orthopyroxene-liquid geothermo-barometers [1] has 
demonstrated that most primitive magmas for high-Si boninite 
with 3 wt% H2O from IBM were generated at a much higher 
temperature and pressure of 0.8-0.9 GPa and 1480°C than the 
primary low-Si boninite magma with 2 wt% H2O from Oman 
formed at 0.4-0.6 GPa and 1350°C.  

In the proto IBM arc, descent of the old and dense Pacific 
Plate caused intense upwelling of hot, depleted asthenosphere 
from deep mantle, which was melted to produce high-Si 
boninite magma with introduction of fluid and partial melt of 
the subducted slab [2]. In Oman, shallow subduction of young 
and buoyant lithosphere into the hot subaxial asthenosphere 
caused flux melting of the slightly depleted residue after 
MORB extraction to produce arc tholeiitic and low-Si boninitic 
magmas with addition of fluids liberated from the subducted 
slab now preserved as the high-grade metamorphic soles 
beneath the ophiolite sheets. 

 
[1] Putirka (2008) Reviews in Mineralogy, 69 [2] Kanayama, K. 
et al (2012) Island Arc, 21, 288 – 316 [3] Kusano, Y. et al 
(2014) Special Publication, Geological Society of London, 392, 
177-193 [4] Ishikawa et al (2002) EPSL, doi: 
10.1016/j.epsl.2005.09.049 
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Biomarker stable isotope records from marine and 
lacustrine records have made significant contribtutions to our 
understanding of climate and vegetation change in eastern 
Africa during the late Neogene. A critical advance in 
biomarker-based paleoclimate reconstructions will be to 
generate isotopic records from hominin fossil localities in 
eastern Africa. Most localities are comprised of fluvial-
lacustrine sediments, including abundant paleosols, that 
lithologically differ from previous biomarker study sites1,2. We 
extracted soluble lipids from Plio-Pliestocene paleosols to 
evalaute the distribution, concentrations, and preservation of n-
alkanes and n-alkanoic acids and their utility for carbon and 
hydrogen isotopic analysis.  

Both compound classes are preserved in paleosols and 
yield molecular distributions suggesting good preservation of 
long-chain terrestrial plant biomarkers in nearly all samples. 
Concentrations vary considerably based on lithology and 
compound class and are generally higher in lacustrine than in 
fluvial deposits and higher in n-alkanoic acids than in n-
alkanes. The n-alkane bearing aliphatic fraction is often 
characterized by a large short-chain unresolved complex 
mixture.  

Preliminary δ13C data from n-alkanes and n-alkanoic acids 
in Shungura Formation sediments from the Turkana Basin 
range from -28.3 to -23.3‰ (nC31) and from -32.0 to -22.2‰ 
(nC30), respectively. The δ13C data indicate significant C4 
grasses on the landscape by 3 Ma, which contrast with existing 
soil carbonate δ13C records from the Shungura Formation 
indicating a C3-dominated ecosystem through 1.8 Ma. Future 
work will focus on understanding the differences between the 
two isotopic proxies for vegetation. 
 
[1] Feakins, S. J. et al Northeast African vegetation change 
over 12 my. Geology 41, 295-298 (2013) [2] Magill, C. R., 
Ashley, G. M. & Freeman, K. H. Ecosystem variability and 
early human habitats in eastern Africa. Proceedings of the 
National Academy of Sciences 110, 1167-1174 (2013) 
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Identifying aquifer vulnerability to climate change is of 

vital importance in the Sierra Nevada and other snow-
dominated basins where groundwater systems are essential to 
water supply and ecosystem health. Determining groundwater 
recharge and storage on short (<1 year) timescales is useful in 
evaluating aquifer vulnerability because significant discharge 
of new (<1 year old) snowmelt from the basin may indicate 
shallow groundwater reservoirs with a low buffering capacity 
in response to climate change. The goal of this study was to 
utilize the naturally-occurring cosmogenic isotope sulfur-35 
(S-35) to quantify seasonal snowmelt contribution to 
groundwater and surface waters in Sagehen Creek Basin (SCB) 
and Martis Valley Groundwater Basin (MVGB), two adjacent 
basins located in the central Sierra Nevada, California. 
Activities of S-35 were measured in dissolved sulfate in SCB 
and MVGB snowpack, groundwater, and streamflow. The 
fraction of new snowmelt (FNS) in SCB groundwater and 
streamflow was determined using the average winter snowpack 
S-35 activity as the precipitation end member. An expansion of 
this study in MVGB involved more frequent snow sampling 
with the end member defined as the volume-weighted mean S-
35 activity in snowpack. The FNS in SCB streamflow ranged 
from <6% during baseflow conditions to 22% during high flow 
periods. Similar to SCB, the FNS in MVGB groundwater and 
streamflow was typically <26% with the largest fractions 
occurring in late spring or early summer following peak 
streamflow. The consistently low FNS suggests that a 
significant fraction of seasonal snowmelt in SCB and MVGB 
recharges groundwater, and that groundwater contributions to 
streamflow in these systems has the potential to buffer climate 
change impacts on runoff.  
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Microbial communities inhabiting high temperature 
(>73°C) and non-photosynthetic geothermal springs are 
commonly assumed to be supported primarily by 
chemolithoautotrophic metabolisms. However, recent isotopic 
evidence suggests that chemosynthetic microbial populations 
in some geothermal environments in Yellowstone National 
Park (YNP), Wyoming utilize both organic and inorganic 
carbon sources, and may be capable of metabolic switching 
between autotrophy and heterotrophy depending on organic 
substrate availability. To test this hypothesis, we used a 
radiotracer approach to quantify and compare rates of 
dissolved inorganic carbon (DIC), formate (HCOO-), and 
acetate (C2H3O2−) assimilation and/or mineralization in 13 
YNP chemosynthetic communities that span a range of 
geochemical conditions (pH, temperature, DIC/DOC levels, 
etc). These data were combined with taxonomic profiling of 
and geochemical measurements to identify populations and 
geochemical regimes that may dictate substrate preferences 
and transformation rates in these communities. Our results 
indicate that, while DIC assimilation is greater than that of 
formate and acetate in most YNP chemotrophic communities, 
formate and/or acetate assimilation and/or mineralization 
(heterotrophy) also occur in these systems at rates that are 
often comparable, and in some cases exceed, those of DIC 
assimilation. Moreover, substrate suppression experiments 
indicate that populations preferentially utilize formate over 
DIC as a carbon and/or energy source, suggesting the 
capability of metabolic switching between these carbon 
sources in response to changing substrate concentrations. 
Native DIC, HCOO−, and C2H3O2

− concentrations were 
inversely correlated with rates of their utilization, indicating a 
role for biological activity in maintaining low in situ substrate 
concentrations. 

 
 
 
 
  
 



 Goldschmidt2014 Abstracts  

 

2536 

2536 

Renewable Natural Gas from 
Unconventional Biogas Reservoirs; 

The Next Energy Boom? 
MICHAEL A. URYNOWICZ1 ZAIXING HUANG2 

AND CHRISTINE SEDNEK3 
1Center for Biogenic Natural Gas Research, School of Energy 

Resources, University of Wyoming. murynowi@uwyo.edu 
2Department of Civil & Architectural Engineering, University 

of Wyoming. zhuang@uwyo.edu 
3Burns & McDonnel, 9400 Ward Parkway, Kansas City, MO. 

csednek@burnsmcd.com 
 

Unconventional reservoirs, such as coal and shale deposits 
were once thought to have formed millions of years ago when 
the fossil fuels themselves were being formed. Recent 
scientific discoveries, however, suggest that much of the 
natural gas recovered from these formations is biogenic in 
origin. This discovery has led to the realization that 
economically depleted biogas fields can be brought back into 
economic production through the introduction of biostimulants 
(i.e, micro and macronutrients, electron donors and acceptors, 
and/or alternative carbon sources). Research performed at the 
University of Wyoming has shown that when a robust 
microbial community and sufficient nutrients are present, the 
rate of energy conversion from coal to natural gas is controlled 
by the available substrate (i.e., terrestrial sources of natrual 
organic matter including oil and coal). Microcosm studies were 
used to evaluate plant-derived carbohydrates as an alternative 
carbon source for a microbial consortia derived from a 
Wyodak coal sample collected from the Powder River Basin, 
located in Wyoming, USA. The plant-derived carbohydrates 
included five- (Xylose and Arabinose) and six-carbon 
(Glucose, Galactose and Mannose) monosaccharides and the 
disaccharide Cellobiose. The rate and extent of methane and 
carbon dioxide production were assessed. Organic acid 
intermediates were also monitored to provide a better 
understanding of the metabolic pathways involved. Methane 
yields for the five- and six-carbon monosaccharides were 
significant (~50%), much higher than the yield from 
Cellobiose (~2%). The Cellobiose was also shown to have an 
inhibitory effect when combined with the monosaccharides. 
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The paucity of experimental data on fusion enthalpies of 

refractory oxides, such as ZrO2, HfO2 and rare earth oxides, 
hampers accurate calculations of phase diagrams for systems 
with these components. We developed a new experimental 
approach to enable these measurements in variable 
atmosphere. The instrument, which we call a drop-and-catch 
calorimeter, consists of an aerodynamic levitator with 
splittable nozzle and catch plates with semiconductor 
thermopiles. Powder is laser melted into spheroid samples and 
levitated in a gas stream while being heated with 10.6 µm 
400W CO2 laser. Temperature of the sample surface is 
measured by spectropyrometer [2]. When the desired 
temperature is reached, the nozzle is split, sample dropped and 
caught by catch plates. The heat effect on sample cooling to 25 
°C is obtained from the integral value of the peak in thermopile 
voltage vs. time.  

The figure shows 
drop enthalpies on four 
Y2O3 samples 30-40 mg 
in weight. 

 The step at 2400 °C 
gives the integral value 
of fusion enthalpy  
and premeling phase 
transition in Y2O3 (L-C 
transition) as ~170 
kJ/mol. This value is 
significantly higher than 
previously assumed (109 
kJ/mol) [1]. Although 
reliable measurements of 
high temperature heat 

content values by this method would require emissivity 
measurements and thermal gradient evaluation, it has the 
potential to provide reasonable accuracy for measurements of 
fusion enthalpies of refractory oxides in air, previously 
experimentally inaccessible.  

Possible applications of aerodynamic levitation with laser 
heating for study of H2O and CO2 dissolution in silicate melts 
will be discussed.  

 
[1] M. Zinkevich, Prog. Mater Sci., 52 [4] 597, 2007 [2] R.A. 
Felice, AIP Conference Proc. 684 [2],711, 2003 
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The variability of chondrule volatile element contents may 

provide information about the processes that shaped the early 
solar system and its compositional heterogeneity. An essential 
observation is that chondrule melts contain very low alkalies 
and other volatile elements (e.g., Cl). The reason for this 
depletion is the combined effects of cooling rates (10 to 
1000K/h), the small size of chondrules, and their high melting 
temperatures (~1700 to 2100 K) resulting in extensive loss of 
volatiles at canonical pressures (e.g., 10-4 bar). However, we 
observe some chondrules with significant concentrations of 
volatiles (Na, Cl), that differ markedly from chondrules 
dominated by refractory elements. Could such heterogeneity 
arise from loss of alkalis and Cl to a gas phase that itself later 
condenses, thereby yielding variations in volatile enrichments 
in chondrules? Does Cl enhance volatility of the alkalis to 
varying extents?  

Experiments on Cl-bearing and Cl-free melts of equivalent 
composition for 10 min, 4 h, and 6 h reveal systematic effects 
of Cl on alkali volatility. Cl-bearing melts lose 48% of initial 
Na2O, 66% of K2O, 96% of Cl within the first 10 minutes of 
degassing. Then the amount of alkali loss decreases due to the 
absence of Cl. Cl-free melts loses only 15% of initial Na2O and 
33% K2O. After 4 hours, melts lose 1/3 of initial Na2O and 1/2 
of K2O. For both systems, Na2O is more compatible in the melt 
relative to K2O. Therefore, the vapor given off has a K/Na ratio 
higher than the melt through time in spite of the much higher 
initial Na abundance in the melt. Enhanced vaporization of 
alkalis from Cl-bearing melt suggests that Na and K evaporate 
more readily as volatile chlorides than as monatomic gases. Cl-
free initial melts with normative plagioclase of An50Ab44Or6 
evolved into slightly normal zoned ones (An49Ab50Or1) while 
Cl-bearing initial melts normative to albitic plagioclase 
(An46Ab50Or4) evolved to reverse zoned ones (An54Ab45Or1).  

The vapor phase over Cl-bearing chondrule melts may 
have a bimodal character over time. The heterogeneous 
volatile contents of chondrules may result from quenching melt 
droplets at different stages of repeated heating, chondrule 
fragment recycling, and recondensation of exsolved volatiles.  
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Mt. Jefferson is a large composite volcano in the central 
Oregon Cascades. It is characterized by more diverse lavas 
than found at Mt. Hood and slightly less diverse compositions 
than the Three Sisters centers to the south (Conrey et al., 
2004). In an attempt to understand the relative roles of the 
magma mixing, decompression, crystallization and degassing 
responsible for what we see in the eruptive products, we 
conducted a detailed analysis of a single eruptive unit. This 
approach was designed to simulate the methodology applied to 
eruptive units in currently active centers.  

The specific unit we studied was the Whitewater Glacier 
andesite. This unit was erupted ~10kbp, during the end of the 
Wisconsin glaciation. The margins of the unit have joint 
patterns characteristic of being quenched against ice. Our 
results document that the early erupted components of the unit 
had undergone extensive degassing at pressures of <2.5 kb. 
Components erupted later contain amphiboles that yield 
pressure estimates of ~3.5-3.7 kb. Based on major and trace 
element mineral compositions, this unit is composed of a 
mixture of four components 1)dacitic/rhyolitic melt 2) hydrous 
amphibole gabbro 3) olivine phyric basalt and 4)two pyroxene 
basalt. The petrogenesis of each of these components is the 
subject of ongoing study–however essentially all the mineral 
components observed in the flow are the disaggregated 
materials from those four mixing components - heavily 
modified by subsequent post mixing re-equilibration. In effect, 
none of the components in this andesite crystallized from an 
andesitic magma. 

Taken together, the field and mineral chemistry evidence 
implies that this unit represents the inverted stratigraphy of a 
magma chamber at a depth of ~ 7-11 km. Mixing of mafic 
components preceded eruption, and continued throughout. This 
conclusion is supported by the fact that the range of 
plagioclase, pyroxene and groundmass compositions is the 
same across the enture unit. The presence of amphibole in only 
the final portions of the eruption suggests that the top of the 
chamber was at least partially degassed, and was below the 
pressure and H2O content required for amphibole stability. 
However, the progressive changes in mineralogy reflected in 
the presence or amphibole as a function of stratigraphy 
indicate that there was no turbullent overturn of the chamber at 
the time of eruption. 
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Martian surface morphology implies that Mars was once 

warm enough to maintain persistent liquid water on its surface 
[1]. While the high D/H ratios (~5000 per mil) of the current 
martian atmosphere suggest that significant water has been lost 
from the surface during the martian history, the timing, the 
processes, and the amount of the water loss have been poorly 
constrained [2]. Recent technical developments of ion-
microprobe analysis of martian meteorites have provided 
accurate estimation of hydrogen isotope compositions (D/H) of 
martian water reservoirs at the time when the meteorites 
formed [3, 4]. Based on the D/H datasets from martian 
meteorites, this study estimates the amounts of water loss due 
to atmospheric escape and demonsrates that water loss during 
pre-Noachian was more significant than in the rest of the 
martian history. Combining our results with geological and 
geomorphological evidence for ancient oceans, we propose a 
possibility that there should be undetected subsurface water/ice 
of much greater extent than the collective amounts of 
“visible”current water inventory. Our study further implies that, 
because such large water inventory automatically calls for 
significant water loss that cannot be explained by oxygen 
escape models [5, 6], unknown mechanisms that effectively 
consume the remaining excess oxygen should be required. 

 
[1] Head et al (1999) Science 286, 2134-2137 [2] Jakosky and 
Phillips (2001) Nature 412, 237-244 [3] Usui et al (2012) 
EPSL 357–358, 119-129 [4] Greenwood et al (2008) 35, 
L05203 [5] Terada et al (2009) Astrobiology 9, 55-70 [6] 
Lammer et al (2003) Internatl. J. Astrobiol. 2, 195-202  
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In Fukushima, radioactivity still remains in the surface 
environment, which derives from 137Cs (T1/2 = 30.07 y) and 
134Cs (T1/2 = 2.062 y). The remaining radioactivity in the soils 
has been attributed to the strong binding of radioactive Cs to 
clay minerals. We have investigated the details of the Cs 
occurrence and chemical form combined with the mineralogy, 
chemical composition and microstructure, in order to 
understand the property of the Cs-bound clay minerals, the size 
dependence and the stability. 

20 soil samples were collected from the highly 
contaminated zone elongated towards northwest from the 
Fukushima Daiichi power plant. The samples were sieved with 
2 mm mesh. The powder X-ray diffraction (XRD) analysis was 
conducted on the untreated sample and elutriated (<1 micron) 
at untreated, etylene glycol treated and heated conditions. 
Sequential extraction was carried out to fractionate Cs to water 
soluble, ion exchangeable, carbonate bound, iron oxides bound, 
organic matter bound, and residue. 

The XRD analysis revealed that major common minerals 
are composed of quartz, feldspar, and 1.4 nm-layered silicate. 
A major minerals in the elutriated samples (<1 micron) are 
sheet silicates with 1.4 nm and 1.0 nm d-spacing, which were 
subsequently characterized as smectite, chlorite, and muscovite 
(illite). In the size fractionation experiment, ~78% of 137Cs was 
distributed in the <1 μm. The sequential extraction revealed 
that the radioactivity of each chemical fraction increases as the 
total radioactivity increases; however, ~90% of Cs is bound to 
the residue in the all soil samples, which represents 
unleachable Cs from interlayers of clay minerals. These results 
suggest an importance of fine clay minerals as a career of 
radioactive Cs. Although the size of the clay minerals is within 
the size range of colloid, the mobility of the submicron-sized 
clay minerals within soils must be minimum by aggregation 
and filtration effects, as ~98% of Cs still remains at the top ~5 
cm in the vertical profile.  
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White mica 40Ar/39Ar dating is a proven powerful tool for 

constraining timing of metamorphism, deformation and 
exhumation. However, in high-pressure metamorphic rocks, 
wide age ranges can be found that do not agree with 
constraints from other isotopic systems, indicating that 
geological and chemical processes complicate straightforward 
dating. In this research project, white mica ages from rocks of 
the Cycladic Blueschist Unit on Syros, Greece with contrasting 
rheology and strain mechanisms are compared, in order to 
better understand the role of deformation and recrystallization 
and fluid flow on 40Ar/39Ar ages of white mica. 

Results of multiple single grain analyses show relatively 
old ages in the north of Syros (55-40 Ma), which agree with 
constraints from eclogite metamorphism, and progressively 
younger ages toward the south (41-30 Ma) which agree with 
constraints from Oligocene-Miocene greenschist overprinting. 
Step wise heating of larger grain populations resulted in flat 
plateaus, providing no evidence for partial resetting. Electron 
microprobe measurements of Si per formula unit, as a proxy 
for pressure during crystallisation, correlate well with age 
differences between samples with contrasting rheology and 
deformation mechanisms within a domain, but do not explain 
age variation on the island scale.  

The previously unreported north-south age trend and age 
ranges per sample as shown in the 40Ar/39Ar system of the 
metapelitic and marble lithologies, contains key information 
that will allow us the test between different scenarios for age 
preservation: preservation of crystallization ages, cooling ages, 
or deformation induced recrystallization ages. Excess argon 
infiltration at this stage seems to have been of minor 
importance. Our new approach should lead to a better 
understanding of the roles of these processes during and after 
HP metamorphism. 
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Earthquake-producing intraplate faults occur in the 
relatively stable Australian continent and create surface fault 
ruptures in south–central Australia. We investigate silica and 
carbonate deposits that occur as widespread fracture filling and 
breccia vein systems in the Great Artesian Basin (GAB), 
central Australia. Our field studies in northern South Australia 
confirm that pre-existing regional fault systems were 
reactivated neotectonically and controlled the formation of late 
Quaternary carbonate vein and breccia deposits in local 
releasing bends of a sinistral strike-slip system. Calcite veins 
and breccias formed as hydro-fractures due to CO2-rich fluid 
overpressure, a process commonly observed in seismically 
active geothermal systems worldwide [1]. Our observations of 
chalcedonic silica deposits in various locations in the GAB 
also evidence intense fracturing, veining and faulting. Such 
features are similar to GAB opal vein deposits that show 
repeated episodes of fluid injection and hydraulic extension 
fracture development in association with normal and reverse 
faulting in the host rock [2]. To constrain the timing of faulting 
events and determine the source and evolution of fluids 
mobilised during faulting episodes, we carried out 
geochronological, isotopic and trace element investigations of 
carbonate and silica deposits. δ13C values (-2 to -7‰) of 
sampled carbonate veins are similar to mantle-like δ13C 
signatures of CO2 accumulations that occur abundantly in 
central Australian sedimentary basins [3]. In addition, recent 
He isotope studies of volatiles from artesian waters confirm the 
presence of mantle-derived fluid reservoirs in central-eastern 
Australian basins [4]. Preliminary results of U-series dating of 
carbonate veins indicate the discharge of pressurised CO2 took 
place intermittently from 142 ± 2.9 ka to 1.2 ± 0.02 ka, in 
association with mantle degassing in response to active 
tectonics. Further geochronological and geochemical studies of 
carbonate and silica vein deposit are currently underway. 
 
[1] ] Uysal et al (2009), Chemical Geology 265, 442-454  
[2] Pecover, S.R. (2007), Rocks & Minerals, 82, 103-115  
[3] Boreham, C.J., et al (2001), APPEA Jour. 2001, 523-547 
[4] Italiano. et al (in press), Chemical Geology. 
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Mining legacies have been linked to local and regional 

decreasing aquatic eco-system standards. The decrease in 
standards has been often attributed to the seepage of acid mine 
drainage and contaminants from mine tailings and waste 
dumps into the aquatic riverine ecosystem. Mining plays a 
significant role in South African economy. Mining, especially 
gold and coal mining activities are prevalent in the Komati 
sub-catchment of South Africa. Twenty two stream sediment 
samples were collected and analysed using XRF to assess the 
impact of these mining activities downstream. Based on the 
XRF analysis two distinct geochemical signatures were 
observed: (a) sediment samples collected downstream of the 
coal mining activities have shown major concentrations of Al, 
Fe and Mn; (b) sediment samples collected downstream of the 
Barberton Greenstone Belt gold mines have shown major 
concentrations of Al, Fe, Mn, Ni, Co, Cr, Cu, As and V. 
Comparison of elemental concentrations with statistical 
averages indicated elevated levels of these elements suggesting 
possible pollution due to mining activities upstream.  
 
Key Words: Geochemistry, Sediments, Mining, Pollution 
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Events during the first billion years of Earth History 

include formation of the Earth, Moon, Earth’s core, a 
differentiated crust, oceans, and life1. The first report of a 4.4 
Ga terrestrial zircon2 has been confirmed in multiple SIMS 
labs3-5. Atom probe tomography shows concentration of 
unsupported radiogenic Pb in 5-10-nm clusters, but that Pb 
mobility does not bias the age of a 4.4 Ga zircon crystal3. The 
Hadean zircon suite proves that Earth had a differentiated crust 
within 150 million years of the formation of Earth. Tectonics 
during the first billion years are uncertain. The pre-4-Ga 
zircons give evidence of intermediate composition parent 
magmas, like TTGs of the Archean, but not for wet or S-type 
granites. This interpretation is consistent with plume, stagnant-
lid or subduction-related magmatism in the Hadean. Meteorite 
bombardment was intense during this period, but the occurence 
of a late heavy bombardment at ca 3.9 Ga is unproven. 
Shocked or impact-melt zircons have not been located in the 
Hadean suite6,7. There is no evidence that these events would 
have sterilized Earth. The Moon was in closer orbit to the early 
Earth, and may have received and preserved terrestrial debris 
from major impacts. The pre-4-Ga zircon oxygen isotope 
record shows that prevalent low temperature aqueous alteration 
caused mildly elevated δ18O in magmas, and thus that the early 
steam atmosphere condensed to form liquid-water oceans 
before 4.3 Ga2,8,9. Solar luminosity was ~70% as intense as 
today suggesting either that a heavy greenhouse atmosphere 
existed or that the Hadean Earth was a snowball world. In the 
later case, volcanoes and hot-springs were active, creating 
liquid water locally. Small sub-ice melt-pools are a more 
attractive environment for concentration of components for the 
first life than an open ocean10. Either way, the Earth was 
habitable to life before 4.3 Ga.  
 
[1] Early Earth issue of Elements 2006, v2, #4 [2] Wilde et al 
2001 Nature [3] Valley et al 2014 Nature Geosci [4] Holden et 
al 2009 IJMS [5] Nemchin et al 2006 EPSL [6] Montalvo et al 
2014 LPSC [7] Wielicki et al 2012 EPSL [8] Valley et al 2002 
Geology [9] Cavosie et al 2005 EPSL [10] Valley 2008 
Geology. 
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Zircons are rare, but widely distributed in lunar regolith 

and rocks. Regolith zircons represent a relatively unexplored 
resource for study of the Moon. Combined δ18O and [Ti] 
provide a signature of zircons from the Moon1,2. [Ti] is higher 
in undisturbed zircons from the Moon than on Earth and varies 
from 36 to 260 ppm1-4. Lunar zircons are remarkably constant 
and unexpectedly higher in δ18O (5.61 ±0.07‰ VSMOW) than 
zircons from Earth’s oceanic crust (5.20 ±0.03‰) even though 
mare-basalt (WR) is nearly the same in δ18O as oceanic basalts 
on Earth (~5.6‰)1,2,5. The average fractionation between 
primitive basalt and zircon is smaller on the Moon (Δ18O(WR-
Zrc) = 0.08 ±0.09‰) than on Earth (0.37 ±0.04‰), suggesting 
higher T of zircon crystallization in lunar magmas; consistent 
with higher [Ti] in lunar zircons and phase equilibria. REEs in 
lunar zircon are HREE-enriched with prominent-negative-Eu 
and muted-positive-Ce anomalies. Values of Ce/Ce* suggest 
LogfO2 values of iron-wustite -0.5 ±1.52,6 at time of zircon 
crystallization, in agreement with petrological measurements 
of lunar basalts and the stability of Fe metal7. The systematic O 
and Ti data for lunar zircons suggest the following model. 
Many analyzed lunar zircons formed in evolved differentiates 
from KREEP-Zr-rich magmas that concentrated any water8. 
Such late igneous zircons would form at significantly lower 
temperatures in evolved hydrous melt than in evolved dry melt. 
Although lunar basalts could readily lose H2 to space during 
eruption, lowering water fugacity, it is likely that H2 degassed 
early9. Furthermore, the morphology, large size, and presence 
in plutonic rocks suggest that many zircons crystallized at 
depths that retarded degassing. In either case, the 
crystallization temperatures of zircons are a sensitive monitor 
of the water content of the parental magma. The smaller 
Δ18O(Zrc-mare basalt) values suggest that even highly evolved 
zircon-forming magmas on the Moon crystallized at higher 
temperature than similar magmas on Earth and that parent 
magmas were generally drier on the Moon.  
 
[1] Valley et al 2014, CMP [2] Spicuzza et al 2011 LPSC [3] 
Taylor et al 2009 EPSL [4] Grange et al 2009 GCA [5] 
Whitehouse & Nemchin 2009 Chem Geol [6] Trail et al 2011 
Nature, 2012 GCA [7] Wieczorek et al 2006 RIMG: 60 [8] 
Elkins-Tanton & Grove 2011 EPSL [9] Sharp et al 2013 EPSL 
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The past 10 years have seen unprecedented expansion of 
our capability to understand analytically and computationally 
mineral reactivity and potentially use it to solve many 
fundamental societal issues from global sustainability to 
climate geoengineering. In 2008 in the issue of Elements 
entitled “Phosphates and Global Sustainability” Eric Oelkers 
and myself idenitied the problem of dwindling phosphate 
(amongst other) natural resources and considered how science 
can contribute to a more sustainable use of such resources. We 
identified phosphate reactivity as a key piece in the pazzle of 
sustainability. Since then work at increasingly higher 
resolution and smaller scale is beginning to bring into focus a 
picture of exceptional complexity for mineral surface 
reactivity. This work now helps us understand what makes 
surfaces, particulary those of nanomaterials, toxic to life forms 
and how we can design such materials more sustainably and 
safely.  
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Biogeochemical models range from simple empirical 

relationships to highly complex mechanistic models. Selecting 
the structural complexity of a model depends on a variety of 
factors including, for instance, the level of conceptual 
understanding of the biogeochemical system, the availability 
and quality of data, the identifiability of the model parameters, 
and the sophistication of the model developer(s). A key 
criterion for model complexity, however, is the scope and use 
of the model. We illustrate this through two end-member 
examples of model applications to biogeochemical processes 
and cycles in artificial reservoirs. With over 50,000 large 
reservoirs worldwide, the damming of rivers represents one of 
the major anthropogenic perturbations of the continental water 
cycle. The associated environmental impacts range from 
global-scale modifications of elemental cycles, to regional and 
local effects, such as stream bank erosion and in-reservoir 
eutrophication. In the first example, we estimate the global 
retention of reactive silicon (Si) by river dams. Previous 
estimates are all based on a very small number of reservoirs for 
which reactive Si budgets can be reconstructed. We show that 
a simple biogeochemical mass balance model for Si cycling in 
reservoirs, combined with Monte Carlo simulations, can help 
overcome the limited availability and representativity of the 
existing data set. In the second example, we analyse the 
hydrodynamic drivers of nutrient cycling and algal 
productivity in reservoir systems. Preliminary numerical 
simulations for a tributary of the Three Gorges Reservoir 
indicate that the timing of algal blooms is closely linked to 
variations in the reservoir water level. A quantitative 
understanding of how the latter modulate circulation patterns 
in the tributaries may ultimately help refine the operation of 
China’s mega dam, in order to reduce the frequency and 
severity of algal blooms.  
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The technique of clumped isotopes has been increasingly 

used over the last years as a paleothermometer to reconstruct 
the temperature of carbonate formation. However, carbonates 
that have seen a high temperature history, such as marbles, do 
not yield an accurate formation temperature, but provide an 
‘apparent equilibrium temperature’ sensu Passey and Henkes 
(2012). This apparent (cooler) temperature relates to a 'locking' 
of carbon-oxygen bond reordering within the crystals during 
cooling, and thus most likely during uplift of the carbonate 
rocks. Solid-state reordering of carbon-oxygen isotope bonds 
seems to be influenced by mineralogy, for example calcite 
versus dolomite (Bonifacie et al., 2013), as well as optical 
quality or trace and minor element concentrations within the 
mineral (Passey and Henkes, 2012).  

This study, funded jointly by Qatar Petroleum, Shell and 
the Qatar Science and Technology Park, tests whether or not 
crystal size impacts on solid-state reordering of the clumped 
isotope signal. Zebra dolomite, characterized by alternating 
fine and coarse crystalline bands and collected in the central 
Oman Mountains is an ideal candidate to test this hypothesis 
because the two crystal size populations in this dolomite 
formed during one dolomitization event involving the same 
type of fluid and fluid temperature and have seen the same 
uplift history.  

Our results show that the apparent equilibrium temperature 
is slightly but statistically significantly higher in the coarse 
crystalline dolomite bands than in the fine crystalline dolomite 
bands of the zebra dolomites. Apart from a difference in clay 
content between the two types of bands, no geochemical 
difference in terms of major and minor elements was detected 
between the fine and coarse dolomite. Therefore, we conclude 
that the crystal size does have an impact on the degree of 
clumped isotope reordering. 

 
[1] Bonifacie, M., Calmels, D., Eiler, J.M., 2013. Clumped 
isotope thermometry of marbles as an indicator of the closure 
temperatures of calcite and dolomite with respect to solid-state 
reordering of C-O bonds. Mineralogical Magazine, 77(5): 735 
[2] Passey, B.H., Henkes, G.A., 2012. Carbonate clumped 
isotope bond reordering and geospeedometry. Earth and 
Planetary Science Letters, 351: 223-236 
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Aerosols may influence the updrafts, anvils and cold pools 
of deep convective storms. Suppression of warm rain processes 
under enhanced aerosol conditions reduces the initial loss of 
cloud liquid water through precipitation and results in the 
lofting of greater amounts of smaller cloud droplets to above 
the freezing level. Enhanced latent heat release through the 
freezing of this lofted cloud water strengthens the updraft. 
Greater amounts of smaller liquid water droplets in the mid to 
upper levels of the cloud also influence the type and amount of 
ice species in the detraining anvil, and hence the anvil cloud 
radiative forcing. Finally, aerosol-induced changes to the 
raindrop size distributions impact the cold pool strength 
through changes to below-cloud evaporation rates. Aerosols 
therefore have potentially significant impacts on deep 
convective storms.  

Representing aerosol impacts on deep convection in cloud 
resolving models requires accurate parameterizations of such 
processes. Microphysical schemes typically range from more 
simple single-moment bulk schemes to highly sophisticated 
bin schemes, thereby forcing cloud modelers to make difficult 
choices in terms of complexity and computational efficiency. 
The goals of the research to be presented are two-fold and 
include the following: (1) to enhance our understanding of 
aerosol effects on the anvils, updrafts and cold pools of deep 
convective storms; and (2) to evaluate the use of simple and 
more complex bulk and bin microphysical schemes in 
representing such effects. These goals will be achieved through 
the use of the Regional Atmospheric Modeling System 
(RAMS). RAMS includes a single-moment and two-moment 
bulk microphysical scheme, a triple-moment hail scheme, and 
the HUCM spectral bin microphysical scheme, all of which are 
fully interactive with a highly sophisticated aerosol 
parameterization scheme. High-resolution (500m in the 
horizontal, variable in the vertical) simulations of a deep 
convective storm will be performed for clean and polluted 
environments, using these four microphysical parameterization 
schemes. The impacts of aerosols on the convective anvil, 
updraft and cold pool, as well as differences in these effects 
arising from the use of the different microphysical schemes 
will be presented. 
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The hydrogen isotopic composition of haptophyte derived 

long chain alkenones is a promising tool for paleo-salinity 
reconstructions. The fractionation factor α between alkenones 
and growth water is strongly correlated with salinity for all 
haptophyte cultures studied. However, coastal hapthopytes 
fractionate approximately 90 ‰ less than open ocean species 
and this could potentially affect paleo-salinity reconstructions 
in coastal environments (M’Boule et al, 2014 GCA).  

In a West African record, off the coast of Namibia, 
spanning the last deglaciation, we observed less negative δD 
alkenone values during the glacial compared to the interglacial. 
This site is minimally influenced by river runoff and the δD 
seems to reflect salinity changes during an open ocean glacial 
to interglacial transition. A similar record from the Gulf of 
Guinea, but strongly influenced by river runoff also shows 
relatively high δD alkenone values during the glacial compared 
to the Holocene. However, during periods with the highest 
river runoff, rather than an expected decrease in δD due to 
reduced salinity, we observe an increase in δD. A possible 
explanation could be an input of relatively D enriched 
alkenones derived from coastal haptophytes that may thrive 
under these high runoff, low salinity conditions.  

A third record spanning the last 40 thousand years from the 
East African coast close to the Zambezi shows little difference 
in δD alkenone values between glacial and interglacial 
possibly explained by a drop in sea level during the glacial, 
whereby the core site was much closer to the coastline then at 
present day. The increased influence of freshwater runoff 
resulted in lower salinities and D depleted alkenones. 
However, during the glacial alkenone δD is positively 
correlated with runoff indicators such as the BIT index and log 
(Ca/Ti) suggesting increased input from coastal haptophytes 
with increased runoff.  

Our results suggest that species composition, as well as 
salinity, could affect alkenone δD in coastal environments. 
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The Himalaya is the principal water source for the river 

systems of India. Overall, runoff in the Himalaya is heavily 
influenced by snow and glacial meltwater, and monsoon-
derived precipitation. The moisture supply in this region 
originating from the Indian Summer Monsoon (ISM) and the 
northern hemisphere Westerlies changes gradually from east to 
west along the orogen, with the Westerlies becoming 
particularly important west of 78°E.  

Due to the lack of a spatially distributed network of 
meteorological stations and continuous rainfall records, the 
relative influence of the ISM and Westerly-derived 
precipitation on the hydrological budget of the Himalaya is not 
well-constrained. A better understanding of the origin of 
moisture sources in this region is pivotal, however, to better 
understand the behavior of glacial systems and changes in the 
surface-process system impacting the environment, particularly 
in light of the expected impacts of Global Change. Here, we 
use a combination of hydrogen and oxygen-isotope analysis of 
stream waters from the Sutlej Valley of western India (78°E) to 
determine water sources and flow paths. Combined with the 
analysis of δD values of leaf waxes from modern river 
sediments this will help to understand the organic matter 
transport and sources of the Sutlej catchment. Our preliminary 
results show that water sources can be distinguished using 
water stable isotope ratios, with more negative values for δ18O 
and δD with increasing altitude. Both isotopic values show a 
smaller range in the main river compared with the tributaries. 

The δ18O values range between -16.0 and -13.8 ‰ for the 
samples from the main stem, and between -15.2 and -5.9 ‰ for 
the tributaries. δD values range between -116.5 and -91.8 ‰ 
for samples from the main stem and -107.0 and -40.1 ‰ in 
tributaries.  
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Chronic exposure to fine particulate matter (PM2.5) is 

globally responsible for millions of premature deaths each 
year. Unfortunately, many regions with both the highest 
population and highest PM2.5 contain the least amount of in situ 
monitoring. Satellite retrievals of Aerosol Optical Depth 
(AOD), however, provide insight into total aerosol columns 
over these regions and globally, yet AOD may not be 
indicative of PM2.5 near the surface. Chemical transport models 
have been shown as an effective way to quantitatively relate 
AOD to PM2.5, allowing the production of global PM2.5 
estimates including regions that are not measured on the 
ground. 

We produce and combine three different global PM2.5 
datasets based on this technique, creating annual PM2.5 
estimates from 1998 to 2012. First, PM2.5 is estimated using the 
operational AOD retrievals from the MODIS and MISR 
instruments for 2001 to 2006. Second, optimal estimation 
techniques are used to produce MODIS-based PM2.5 estimates 
for 2004 to 2010. Lastly, we use SeaWiFS and MISR AOD 
retrievals to represent annual variation in PM2.5 from 1998 to 
2012, and combine all three datasets together. 

We will demonstrate that significant agreement is found 
between the combined satellite-derived PM2.5 estimates and in 
situ observations over North America and Europe. Global 
comparisons will also be discussed. Global PM2.5 exposure will 
be explored as well as trends over the past 15 years. These 
results show that global PM2.5 concentrations over this period 
have generally decreased in regions of low exposure, while 
concurrently increasing in regions of high exposure. 
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Magmatic systems host many types of ore deposits, 

including world-class deposits of copper and gold. It is now 
generally accepted that magmas are the source of metals and 
ore-forming fluids, although in some cases their input may be 
restricted to introducing thermal disturbances and associated 
hydrothermal circulation. In these magmatic-hydrothermal sys-
tems, low-density solutions, or vapours, are an important 
carrier of metals. Such vapours are water-dominated at low 
pressure, but CO2 becomes a progressevely important conpo-
nent in vapours exsolved from magma at depth, especially for 
mafic magmas. Fluxing of these CO2-rich vapours through the 
more shallow parts of the magmatic-hydrothermal plumbing 
system is now recognized as ubiquitous during open-system 
magma degassing.  

In this contribution, we show that such CO2-fluxing leads 
to a dramatic drop in element solubility in the previously 
water-dominated vapour, up to a factor of 10,000 for Cu. This 
drop in metal solubility far exceeds that which would be 
predicted for the temperature and pressure gradients expected 
in magmatic-hydrothermal systems. CO2-fluxing thus repre-
sents a highly efficient, but as of yet unrecognised mechanism 
for metal deposition in magmas and host rocks. 
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Integrated Ocean Drilling Program (IODP) Expedition 334 
to southern Costa Rica documented unprecedented subduction 
erosion there. Central America drilling from Guatemala to 
Costa Rica has shown that subduction erosion was active at 
least since the early Miocene. In Southern Costa Rica, 
accelerated subduction erosion of the upper plate initiated 
when the Cocos Ridge, an over thickened aseismic ridge, 
arrived at the Middle America Trench. Accelerated subduction 
erosion was coeval with the rapid formation of deposition 
centers on the forearc of the upper plate. The completely 
recovered shelf sequence constrains a short (<2 Myr) interval 
of extreme subsidence (~1200 m) with a rapid pulse occurring 
during the first ~0.3 Myr. This event removed an estimated 
1.2x106 km3 of forearc material at a rate of ~1690 km3/Myr/km 
of trench during a time of rapid (~1035 m/Myr) shelf sediment 
accumulation. At this erosive margin a sediment starved trench 
persisted, despite abundant sediment supply from onshore, 
because subduction erosion led to the rapid creation of fore-arc 
basins. Similar rapid pulses of subduction erosion may 
punctuate the evolution of many margins, contributing 
disproportionately to crustal recycling at subduction zones 
with implications for the evolution of continental crust and 
mountain belts, and recycling of continental material into the 
mantle. 
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An important mechanism of stable isotope fractionation in 

high temperature geochemistry is due to mass-dependent 
differences in the diffusion rates of isotopes. At high 
temperatures the vibrational frequency of a diffusing atom is 
inversely proportional to the square root of its mass, causing 
heavier isotopes to diffuse more slowly. However, in general 
the mass dependence of isotope diffusion is weaker than a 
square root dependence. The isotope effect in minerals is 
diminished in two ways, by: (1) coupling to the motion of 
other lattice atoms when a jumping atom is at the saddle point, 
and (2) correlation in the direction of successive atomic jumps. 
An expression for the diffusivity ratio of two isotopes in a 
crystal that incorporates these effects is [1]: 
D1 D2 = f!K m2 m1 "1( )+1 , where f is the correlation 
coefficient and ΔK reflects the degree of coupling with other 
atoms during a jump. In metals, halides and oxides, ΔK has 
been found experimentally to have values of ~0.5-1. The 
correlation coefficient, on the other hand, can take a wide 
range of values between 0 and 1, depending on the diffusion 
mechanism and the relative frequencies of the various jumps 
involved in diffusion. The correlation coefficient can be 
calculated based on several different kinds of experimental 
data or on atomistic simulation data. This has been done in 
some cases for relatively simple minerals and synthetic 
crystals, and the isotope effect on diffusivity estimated from 
the correlation coefficients is in good agreement with direct 
experimental measurements, where they are available.  

Exact calculations on the correlation coefficient are very 
difficult for complex minerals with low symmetry and multiple 
cation and interstitial sites. However, some general inferences 
regarding the isotope effect can be drawn from calculations on 
simpler minerals. 1) The isotope effect is maximized for 
cations that diffuse very slowly relative to the major solvent 
cation, or for cations that diffuse very rapidly by a simple 
interstitial mechanism. 2) The isotope effect can be strongly 
dependent on temperature, for cation impurities that diffuse by 
a vacancy mechanism, and may increase significantly with 
temperature for rapidly diffusing cations.  
 
[1] LeClaire, A.D. (1966) Phil. Mag. 14, 1271-1284 
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High alumina zeolites are typically synthesized 

hydrothermally in hyperalkaline conditions. Postsynthetic 
alkaline treatment induces partial or complete dissolution, 
followed by nucleation and growth of new (zeolite) products. 
Major factors controlling such zeolite transformations are 
temperature, alkalinity and the presence of specific cations in 
the zeolite and the alkaline medium. While material scientists 
exploit zeolite transformations to design novel zeolite 
materials, zeolite stability in hyperalkaline media is of high 
interest to geoscientists, evaluating long-term stability of 
natural zeolites used as reactive barrier in concrete based 
disposal strategies for nuclear waste.  

This contribution discusses the role of alkali metal cations 
on FAU (faujasite) type zeolite transformations in 1 M 
hydroxide solutions under autogeneous pressure at 95°C or 
lower. Liquid and solid phase analysis was performed as 
function of contact time, with ICP-AES, NMR, SEM and 
XRD. Although exposure of FAU to KOH nowadays is a 
standard recipe to synthesize chabazite (CHA), few studies 
dealing with the transformation mechanism and kinetics are 
available. Our systematic study revealed, among others, that 
the presence of K+ ions is crucial for the conversion of FAU to 
CHA. Identical transformation conditions yielded ABW, FAU, 
MER and ANA frameworks by substituting KOH with LiOH, 
NaOH, RbOH, and CsOH respectively. [1] In addition to 
cation identity, other important variables determining the 
outcome of the transformations were the Si/Al ratio of the 
initial FAU framework, and the solid/liquid ratio. Furthermore, 
CHA was obtained by contacting FAU with K+ rich young 
cement water (YPW, pH 13.5) at 60°C, illustrating its potential 
use in such hyperalkaline conditions. In these conditions, a 
minor fraction of zeolite with MER (merlinoite) topology was 
detected in addition to CHA. The MER framework has buckled 
8-rings of MER that form a perfect nest for K+.[2] Currently, 
the relationship between CHA and MER formation, starting 
from FAU, is investigated and compared to direct syntheses 
from amorphous sources. The hypothesis is explored that the 
FAU framework structure directs the CHA formation, as CHA 
was observed to nucleate on the FAU (111) crystal faces. 
 
[1] Van Tendeloo et al (2013) Chem. Commun. 49, 11737-
11739 [2] Skofteland et al (2001) Microporous Mesoporous 
Mater. 43, 61-71 
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In contrast to the well-documented Penrose crustal 
structure (~2 km of basalts and sheeted dikes, and ~4 km of 
gabbros) present in typical fast-spreading oceanic crust, there 
is no consensus over how the lower crust of oceanic plateaus is 
accreted or what proportion of intrusive to extrusive rocks is 
present in the ultra-thick (15-35 km) oceanic plateau crust. The 
recent IODP Expedition 324 to Shatksy Rise oceanic plateau 
returned a wealth of important basalt geochemical data (Sano 
et al., 2012 G3; Husen et al, 2013 G3), and previous work has 
shown that it formed at a ridge-ridge-ridge triple junction 
(Mahoney et al, 2005 Geology; Sager and Han, 1993 Nature). 
By determining the liquid line of descent and bulk 
geochemistry for Shatsky Rise predicted for various 
accretionary scenarios, estimates of the deep crustal phase 
equilibria and seismic velocities can be made and compared 
with observations (Korenaga and Sager, 2010 JGR-Solid 
Earth; Sager et al., 2013 Nat. Geosci.). While oceanic plateaus 
are volumetrically minor in the modern-day ocean basins, 
some researchers have proposed that higher mantle potential 
temperatures in the Archean would lead to ultra-thick oceanic 
crust similar to that of oceanic plateaus (e.g. Herzberg et al, 
2010 EPSL; Herzberg and Rudnick, 2012 Lithos; Johnson et 
al, 2014 Nat. Geosci.). Thus, understanding the deep crustal 
structure and accretionary mechanism of Shatsky Rise and 
other oceanic plateaus will provide key insights into processes 
occurring in the modern-day ocean basins as well as in the 
early earth. 



 Goldschmidt2014 Abstracts  

 

2559 

2559 

Determination of uranium content in 
silicate uranium ores by gamma 

spectrometry combined with ISOCS 
S. VANZHA1, D. KUTNII1, G. ZYMA1, K. KNIGHT2  

AND T. KAYZAR2 
1NSC “Kharkiv Institute of Physics & Technology”, 

Akademichna str. 1, UA-61108, Kharkiv, Ukraine 
2Lawrence Livermore National Laboratory, Livermore, USA 
 

The ISOCS mathematical method developed by Canberra 
Industries is a well established technique for computing high 
purity germanium detector efficiencies for a wide range of 
sources shapes and size. We examine existing methods for the 
measurement of uranium, and present preliminary results from 
an alternative method, which utilizes a combination of detector 
response modeling and the detection of uranium daughters to 
calculate uranium concentration. This method is evaluated to 
determine its applicability to quantitative non-destructive 
determinations of uranium in natural uranium ores. 

We performed gamma spectrometric determination of the 
uranium content in silicate uranium ores using a HPGe 
detector (BEGe) 3830 in combination with Canberra’s ISOCS 
(In situ Object Counting System) software. The detector 
parameters used were: area 38 cm2, width 3 cm, nominal 
registration efficiency 34 %, energy resolutions (FWHM) is 
0.572 keV for the line 122 keV. To model the geometry of the 
sample we used the Geometry Composer code from the ISOCS 
software with the following input data: sample diameter 
39.9 mm, sample height 11.5 mm, sample mass 25 g, and 
chemical elements in a sample (Si, Al, Na, Ca, Fe, Mg, K, Mn, 
P, S, Ti and U). The activity, and hence, the content of 
uranium in the ore samples was then determined by detection 
of 238U daughters 234Th and 234mPa, corrected using the absolute 
efficiency curve. 

We found that using the gamma spectrometry equipment in 
combination with ISOCS software resulted in uranium 
concentration measurements from uranium ores of certified 
composition (ranging from 0.047 to 0.768 % uranium by 
weight) with better than 6 % relative error (calculated as 1σ). 
In addition, we found that there is a possibility to conduct such 
measurements without specification of the full chemical 
composition of a sample; e.g., for silicate ores, only the 
presence of Si and U needs to be specified for the model to 
achieve correct concentration within 8% relative error. Our 
results support that this method can be reliably applied for non-
destructive uranium assay in different types of uranium ores.  
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Lake Paulina and East Lake are adjacent crater lakes in the 

Newberry caldera South of Bend (OR). The lakes are ~ 8000 
years old and have carbonate-rich, Cl-poor waters, and small 
hot springs dot their margins. East Lake has subaqueous inputs 
of Hg-rich CO2-H2S gas, and the water has up to 140 ppm 
bicarbonate at pH 6.5. Paulina Lake is carbonate-rich (three 
times seawater alkalinity), at a pH of ~ 8.5 and high dissolved 
silica, the result of hot fluid injections at the lake bottom. The 
sediment in both lakes largely consists of diatom frustules and 
ash. Paulina Lake sediment has hydrothermal components (up 
to 15% Fe2O3 with P, Si) and up to 250 ppm As, but no Hg. 
East Lake sediment has low As levels, but up to 4 ppm Hg. 
Sedimentation rates are 1-2 mm/year, with up to 8% organic 
carbon in East Lake. Fish in East Lake are Hg-rich. Stable 
isotope data of lake waters plot on a local evaporation line, 
with the East Lake fluids more evolved than the Paulina Lake 
fluids. The water balance derived from the isotopic mass 
balance demands hydrothermal inputs into Paulina Lake on the 
order of 2-12 million m3/yr. Organic matter in East Lake 
sediment has relatively heavy carbon isotope values (-20 to -
24‰) as does DIC (up to +4 ‰); DIC is lighter in Paulina 
Lake. The nutrient cycle is partially fed by photosynthetic 
cyanobacteria (Nostoc balls). The aqueous carbon isotope 
balance is influenced by CO2 inputs, photosynthesis, and 
escape of isotopically light CO2 through diffusion at the 
surface. 
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Wethersfield Cove (WC) and adjacent Keeney Cove (KC) 
are old arms of the Connecticut River created during the floods 
of 1692. Both are depocenters of fine-grained material as a 
result of ‘tidal pumping’. A waste-water treatment plant 
(WWTP) has had repeated overflows into WC, e.g., 20 million 
gallons of sewage in 1997. Sedimentation rates in the coves are 
~1.4 cm/yr, based on 210Pb and 137Cs dating. The core bottoms 
consist of sandy layers of the 1936-1938 floods. Three WC 
cores and one KC core were analyzed by DMA for Hg and by 
WD-XRF for 30 trace elements. Cores in WC have severe 
mercury pollution (up to 4 ppm Hg) between the 1930s and 
1960, then dropping off rapidly. Organic matter is a mixture of 
algal and terrestrial carbon, based on C/N, δ13C, δ15N and the 
VGI index (Kruge). Other metal pollutants peak in the late 
1970s (Pb), 1950s (Cu, Zn, Cr), and V in the mid-1980s. 
Arsenic concentrations are modest (15-20 ppm) and Cu, Pb 
and Cr concentrations exceed 300 ppm. Potential sources for 
these metals are WWTP effluents, but Hg may at least in part 
be derived from the Hg-boiling power plant just north of the 
coves. The plant was operated until the early 1960s, recorded 
large Hg losses (>40,000 lbs) in 1930-1940, and may have 
been a source of Hg for the Connecticut River and ultimately 
for Long Island Sound. Stable Hg isotope studies to trace the 
Hg sources are ongoing (Martini et al this conference). 
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Laboratory microbial experiments performed to simulate 
biomineralization processes under Earth surface conditions 
remain controversial due to the fact that natural settings are 
dynamic systems, and “in vitro” duplication of natural 
processes is quite challenging. This experimental methodology 
has been approached from diverse perspectives including 
studies of nucleation processes, crystallization and crystal 
ordering, as well as quantification of the role that metabolisms 
contribute to the mineral formation. 

Here, we present a study designed to understand low-
temperature experimental and natural processes, which lead to 
the crystallization of fully ordered dolomite. Previous 
mineralogical and SEM investigations have shown that, in 
some natural environments, initial crystallization occurred in 
association with organic compounds (EPS), with a subsequent 
transformation from an initial amorphous precipitate into well-
crystallized carbonate phases. In contrast, under laboratory 
conditions these processes were not observed, and the mass 
transfer of a solute from the liquid solution to a dolomite 
crystal is apparently related to the metabolic rate and 
temperature. Indeed, at 25°C, a mixture of high Mg-calcite and 
poorly ordered non-stoichiometric Ca-dolomite precipitated, 
whereas, in contrast, at 45°C, the mineral product recovered 
was 100% fully ordered stoichiometric dolomite. 

Finally, we propose that our comparative study of natural 
and experimental dolomite can help to clarify the processes 
involved during dolomite formation and furnish important 
insight to better understand low temperature dolomite 
occurrences in the geological record. 
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Subduction of relatively oxidized carbonate eclogite into 

the deep upper mantle may cause redox heterogeneity in the 
mantle, as a result of juxtapositioning of oxidized subducted 
domains and relatively reduced ambient mantle [1]. Therefore 
determination of phase relations of subducting carbon-bearing 
eclogite and the oxidation state of carbon in it may be critical 
for understanding redox state of the Earth’s mantle through 
geological time. 

The stability limit of carbonate relative to diamond in 
deeply subducted altered oceanic crust may be described by 
the reaction: CaMg(CO3)2 + 2SiO2 = CaMgSi2O6 + 2C + 2O2 
[2]. A series of piston-cylinder experiments were conducted 
using natural complex compositions to constrain the stability 
of carbonate vs. diamond reaction as a function of pressure 
(P=3.5-6 GPa), temperature (T=900-1300oC) and oxygen 
fugacity. 

The determination of oxygen fugacity in experiments is 
based on use of noble metals as redox sensors[3] and 
quantitative in situ XANES measurements of Fe3+/ΣFe in 
garnet [4]. 

The use of palladium metal as an accurate redox sensor in 
high-pressure experiments, the estimation of thermodynamic 
properties of its redox reaction and the development of an 
oxybarometer applicable to eclogite assemblages based on 
XANES measurements are among the principal outcomes of 
this research. 
 
[1] Frost & McCammon (2008) EPSL 36(1), 389-420 [2] Luth 
(1993) Science 261, 66-68 [3] Woodland & O’Neill (1997) 
GCA, 61(20), 4359-4366 [4] Berry et al (2010) Chem.Geol. 
278, 31-37  
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The Mid-Proterozoic peralkaline Strange Lake pluton 

(Québec-Labrador, Canada) shows extreme enrichment in high 
field strength elements (HFSE), including the rare earth 
elements (REE), in pegmatites. Based on a study of melt 
inclusions we have recently proposed that, in addition to 
fractional crystallization and magmatic-hydrothermal activity, 
a third process, namely melt immiscibility, played a crucial 
role in concentrating the REE within the pluton1. Here we 
present further evidence for silicate-fluoride immscibility in 
the Strange Lake granites based on a globule in hypersolvus 
granite, composed almost entirely of REE and HFSE minerals.  

The globule (~5 cm in diameter), has three distinct zones. 
The outermost zone (narrow) is afrvedsonite (± astrophyllite) 
rich. The next zone contains chevkinite and zircon in a fluorite 
matrix and the core (much of the globule) is cerite- fluorite-
rich. Hydrothermal alteration is evident by the replacement of 
chevkinite and cerite by quartz and parisite (or locally 
fluocerite and bastnasite), which in turn were altered to a fine-
grained aggregate of parisite, gagarinite and fluorite.  

We propose that silicate-fluoride immiscibility occurred 
early, probably as a result of pressure drop during magma 
emplacement. Chevkinite and zircon crystallized shortly after, 
nucleating on the boundary between the two melts. 
Crystallization of chevkinite caused depletion of the rim zone 
in REE, which drove a second phase of immiscibility, i.e., 
separation of REE-fluoride melt from Ca-fluoride melt. 
Crystallization of feldspars in the surrounding granite 
followed; feldspar crystals squeezed the fluoride melts into the 
interstitial space. Finally, cerite and then fluorite crystallized 
(coevally with quartz and arfvedsonite in the host granite). 
Aqueous fluid exsolved from the residual silicate melt caused 
alteration of both the granite and globule. 

This globule represents the first macroscopic example of 
silicate-fluoride immiscibility in nature. We propose that 
globules of fluoride melt were initially dispersed within the 
silicate melt and preserved only rarely in unaltered hypersolvus 
granite. They accumulated mainly in pegmatites, concentrating 
REE, but were destroyed by later exsolving magmatic-
hydrothermal fluids. 
 
[1] Vasyukova, O and Williams-Jones, A.E. Geochimica et 
Cosmochimica Acta (in review). 
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The April 2006 issue of Elements magazine [1], of which I 

was privileged to be the Guest Editor, was on the topic of 
‘Arsenic’. In the time since the publication of this highly cited 
issue, there have been over 3000 more papers published of 
relevance to the topics discussed in this issue, as well as 
numerous items in the popular press. In many ways, arsenic is 
an ideal subject for an issue of Elements. It is a subject with a 
rich historical and cultural hinterland, and it is truly 
interdisciplinary, with scope for important contributions from 
mineralogists, geochemists, microbiologists, biochemists, 
toxicologists and epidemiologists. More importantly, in parts 
of the world, it is one of currently great social and 
humanitarian significance. 

The ‘explosion’ of literature on arsenic is associated with 
the impact on human health of even very small concentrations 
of this element in food and drinking water. The origins of 
arsenic contamination can be associated with minewastes, 
former industrial sites, or contaminated aquifers; the latter 
contributing to a major humanitarian crisis in parts of SE Asia. 
In describing the original sources of arsenic and, where 
appropriate, the transport and release of arsenic in the 
environment, a number of the classic types of behaviour of the 
chemical elements as described by VM Goldschmidt himself 
can be observed.  

In this presentation, just some of the many key controls of 
the origin, transport and release of arsenic will be considered, 
with emphasis on contributions to understanding made by 
mineralogical and geochemical investigations. Particularly in 
the most distressing examples of contamination of drinking 
water, the systems involved in promoting the release of arsenic 
require an appreciation of complex mineral-water-organic 
molecule-microbe interactions. Understanding the processes 
involved may also provide insights into (both in situ and ex 
situ) remediation strategies. As pointed out by Vaughan and 
Polya in a 2013 issue of Elements [2], the arsenic 
contamination problem and its solution is a case where 
mineralogy (sensu lato) really does matter.  
 
[1] Vaughan (2006) Elements 2, 71-107 [2] Vaughan & Polya 
(2013) Elements 9, 315-316 
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Understanding the nature and extent of fluid flow in 
hydrothermal ore system relies on indirect measurements of 
fluid-rock interaction in wall rocks. Oxygen isotope ratios 
measured from micro-drilled calcite in limestone wall rocks at 
the Banshee Carlin-type Au deposit show marked depletion 
both proximal and distal to Au-mineralization indicating 
isotopic exchange between wall rock calcite and hydrothermal 
fluids. Isotopic alteration is spatially coincident with 
mineralization and puts minimum constraints on hydrothermal 
fluid infiltration outside of visible indicators (i.e. carbonate 
dissolution and silicification). Additionally, isotopic depletion 
is nearly homogenous at hand specimen scale indicating near 
complete alteration of limestone protolith. The primary 
mechanism of isotopic exchange is coupled dissolution-
precipitation leading to pseudomorphic replacement of calcite 
during hydrothermal fluid infiltration. Surface reactions 
between calcite and the hydrothermal fluids are evidenced by 
textural and chemical variations between altered and unaltered 
calcite in wall rock limestone and limestone breccia. Cathodo-
luminescence reveals distinct changes in the luminescence of 
altered calcite relative to unaltered equivalent calcite, and LA-
ICPMS data from altered and unaltered calcite shows that 
observed CL responses are due to changes in calcite mineral 
chemistry. Altered samples exhibit bright CL responses in 
calcite with increases in Mn and Fe. Together, these dataset 
show alteration in wall rock calcite at Banshee up to 100 
meters outside of mineralization and define the most distal 
expression of low temperature hydrothermal alteration in 
calcite bearing rocks at the Banshee deposit. 
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Anion (F, OH, Cl) arrangements in apatite are critical to an 

understanding of its mineral chemistry, relevant not only to the 
geological sciences but also to numerous technological 
applications in materials science and biomedical engineering. 
Although the anion positions in endmember compositions are 
well described, there exist substantial gaps in our 
understanding of the anion environments in mixed binary and 
ternary compositions. Progress in this area has been inhibited 
due to crystallographic disorder or reversals in the anion 
column and synthesis problems such as control of composition 
and growth of sufficiently large crystals for X-ray diffraction 
analysis. 

Recently1 our group reported the crystallographic anion 
positions in synthetic fluor-chlorapatite {Ca5(PO4)3(F0.5Cl0.5)} 
using single-crystal XRD. A new fluorine site was identified at 
(0,0,0.167), which yields acceptable F-Cl interatomic distances 
along the c-axis column, while retaining overall endmember 
P63/m crystal symmetry. Successful structure analysis required 
exceptionally low OH-component, which was achieved by 
high-temperature (1200°C) synthesis under vacuum. Nominal 
OH occupancy was estimated via solid-state NMR using 
31P{1H} cross-polarization, which indicates ca. 0.5% of P 
occur in hydroxylapatite-like local environments. Results from 
1H{31P} REDOR showed the presence of two OH 
environments, giving chemical shifts near 1.6 and 0.2 ppm 
consistent with OH in mixed-anion and OH-rich local column 
arrangements, respectively. Only a small fraction of the H in 
the bulk sample occurs in the apatite structure. We are 
currently investigating the fluorine environments along the 
fluor-chlorapatite binary. 19F spectra for the 50/50 F/Cl sample 
shows two main peaks, indicating distinct F environments and 
which are being investigated by 19F/31P and 19F/35Cl double 
resonance methods to provide the local structural relationships 
to adjacent chlorine sites and nearby phosphate groups. These 
methods combined with the atomic positions and occupancies 
from XRD will provide a comprehensive picture of the 
chemistry in the c-axis column and its variation across the 
fluor-chlorapatite binary. 
 
[1] Hughes, J. M., Vaughn, J. S. et al Am. Mineral. In press. 
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Despite a long history of research, nucleation and 

particularly nucleation of crystals remains one of the most 
poorly understood processes in natrure. For any system of 
practical significance, theory predictions diverge from careful 
experimental determinations by many orders of magnitude. 
Recently, a two-step mechanism of nucleation of crystals in 
solution was put forth. This mechanism posits that the first step 
of crystal nucleation is the formation of disordered protein-rich 
clusters of mesoscopic size; the second step is the formation of 
crystal nuclei inside the clusters. This mechanism explained 
most of the discrepancies between theory and experimental 
data and has been invoked to explain experimental 
observations on the nucleation of sickle cell anemia fibers, 
amyloid fibrils, small-molecule organics colloids, biominerals, 
polymers, and other materials. The mechanism highlights the 
significance of the properties of the precursor clusters for 
nucleation. Results with proteins, by far the best studied 
solution crystallization system, indicate that the clusters 
represent a high free energy phase, in which the size of the 
mesoscopic domains is determined by the formation of 
transient protein oligomers. The liquid nature of the clusters, 
postulated in the two-step mechanism, has been verified. 
Several binding mechanims (Coulomb forces; ion, disulfide, 
and carbon dioxide bridges; and hydrophobic interaction 
between non-polar protein molecular patches) have been 
examined for their role in cluster formation. The results show 
that only the latter could be a part of the cluster mechanism. 
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Resuspended desert dust aerosols can contain traces of 

plutonium (Pu) derived predominantly from nuclear weapons 
tests. To evaluate relationships between Pu activity and 
mineral dust concentrations (utilizing Al and Ca as dust 
proxies), high-volume aerosol samples were collected from 
four sites: Izaña, Canary Islands (1989 - 1996) (IZT); Barbados 
(2005 - 2006) (BAT); Gosan, South Korea (2005 - 2006) 
(GOS); and Mauna Loa Observatory, Hawaii (2005 - 2006) 
(MLO). IZT and BAT receive dust from Africa while GOS and 
MLO receive Asian desert dust. 

Pu activities in the aerosol samples were determined by 
alpha spectrometry following a series of filter pre-treatments 
and chemical separations. Concentrations of other elements 
were determined by a variety of techniques. 

Pu activity levels with respect to dust mass (Bq/μg) for all 
sites had the following rank order: GOS > MLO > BAT > IZT. 
The Pu/dust ratios at IZT, BAT, and MLO were consistent 
with re-entrained global fallout; however, the data suggests 
that GOS is the recipient of resuspended Pu at concentrations 
above background levels, possibly from newly eroding Asian 
drylands.  

These results contribute to the understanding of the global 
cycling of Pu and can be utilized in future environmental 
change studies employing Pu as a geochemical tracer. 
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For decades, coal has been the primary source of fuel for 

electricity production in the United States. Yet, over a century 
of coal mining and combustion has created a legacy of water 
pollution: seepage of metal-rich acid mine drainage into 
watersheds, selenium and sulfate stream contamination from 
surface mountaintop mining [1], and leaking of effluents 
enriched in arsenic, boron, and other toxic metals from 
hundreds of coal ash ponds to associated water resources 
across the nation [2]. Conventional oil and gas and 
unconventional shale gas exploration has generated wastewater 
with high salinity, bromide, toxic elements, and radioactivity 
[3]. Tracing the impacts of fossil fuels contaminants in the 
environment is challenging given the presence of naturally 
occurring contaminants in the aquifers [4] and the legacy of 
old versus new developments such as shale gas and hydraulic 
fracturing. Here we present a diagnostic geochemical “tool-
box” that enables us to delineate and monitor contaminants’ 
sources originated from different fossil fuels productions. The 
integration of inorganic geochemistry and multiple isotopic 
tracers such as boron, strontium, lithium, sulfur, radium and 
inorganic carbon provides a novel methodology for 
identification of the specific contaminants’ sources and 
reconstruct their pathways in the environment. Our studies are 
based on field and laboratory observations from sites of 
mountaintop mining in WV, acid mine drainage in PA, coal 
ash and effluents from NC and other sites across the US, 
wastewaters from conventional oil and gas operation in NY 
and PA, and wastewaters fro unconventional shale gas from 
PA and WV. 

 
[1] Vengosh et al (2013) ES&T 47, 10041-10048 [2] Ruhl et al 
(2012) ES&T 46, 12226-12233 [3] Warner et al (2013) ES&T 
47, 11849-11857 [4] Warner et al (2012) PNAS 109, 11961-
11966 
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Depth profiles analyzed for the stable carbon isotope 
composition of DIC, as well as some profiles of atmospheric 
CO2 were taken in and above Lake Geneva, a large peri-alpine 
lake, between 2009-2011. δ13CDIC values of –10.1 ‰ (VPDB) 
were measured at the water-sediment interface (310m depth) 
while high values of up to –3.2 ‰ were measured at the 
surface in summer. δ13C values of atmospheric CO2 30 cm’s to 
10 m above the water is relatively constant at –9.3 ‰ in 
summer but can be –10.4 ‰ in winter. Corresponding δ13CDIC 
of surface waters sampled at the same time are –3.6 ‰ and –
7.5 ‰, respectively, out of equilibrium with the CO2. The CO2 
partial pressure is below atmospheric equilibrium from spring 
through summer, but higher during winter. Lake Geneva thus 
takes up CO2 from the atmosphere between spring and fall and 
emits CO2 during winter. Depth profiles of DIC indicate that 
the maximum gross primary productivity (and also peak in 
mg/l of O2) is not directly linked to the δ13CDIC in Lake 
Geneva. In addition, δ13CDIC profiles are nearly identical at 4 
different locations over two years, even though primary 
production differs markedly for the two years. Instead, smooth 
profiles with maximum δ13CDIC values at the surface suggest a 
diffusive uptake of atmospheric CO2 and its subsequent 
dissolution. The uptake of CO2 is, however, still considered to 
be driven by photosynthesis that lowers the pCO2 in surface 
waters. The profiles are compatible with progressive depletion 
of 13C in DIC with depth in the metalimnion, related to density 
stratification and mixing in surface layers. A study from 2005 
measured relatively homogeneous δ13CDIC profiles after a 
complete annual overturn in winter with average δ13CDIC in the 
epi-, meta- and hypolimnion below 60 m of –7.2 ‰. This 
corresponds to mixing proportions of 25:75 for Jura and pre-
Alpine rivers (–11.1 ‰) relative to the Rhône river (–5.7 ‰). 
In contrast, a further 13C depletion with depth below the 
metalimnion was measured in the hypolimnetic layers of Lake 
Geneva during 2010/11, down to –10.1 ‰, in parallel to a 
decrease in O2 from 10 to 4 mg/l, below 120 down to 300 m, 
compatible with remineralization of organic matter at depth. 
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Zircon (ZrSiO4) can be used to precisely date igneous 

events by U-Th-Pb geochronology and to simultaneously 
investigate the petrologic (Ti-in-zircon thermometry), 
geochemical (trace elements), and isotopic (O, Hf, Nd, Li) 
evolution of igneous rocks spanning a wide range of 
composition. In this study, the consequences of elemental 
redistribution during hydrothermal alteration of metamict 
zircon from granophyres in the Stillwater Complex have been 
investigated using laser ablation-ICP-MS. The 2.7 Ga 
Stillwater Complex, an 8 km-thick mafic-ultramafic layered 
intrusion in southwestern Montana that is host to a world-class 
platinum group element deposit (J-M Reef), contains a suite of 
discordant granophyres that represent late-stage magmatic 
differentiates. U-Th-Pb geochronology of accessory minerals 
(zircon, titanite, rutile) from the granophyres yield similar ages 
to the mafic cumulates (ca. 2709-2712 Ma) only for low-U 
minerals that have remained closed since crystallization. A 
2709 Ma granitic pegmatite core from the Lower Banded 
Series, ~400 m beneath the J-M Reef, contains pristine igneous 
low-U zircon (37-154 ppm; Th/U = 0.75) with simple 
oscillatory zoning, low Hf (average 8519 ppm), a limited range 
of Ti (6-17 ppm), low HFSE (<1 ppm Ta, <2 ppm Nb), 
variable Li (0.5-23 ppm), and no measurable Ca. The 
granophyre contains coexisting zircon, rutile, and quartz with 
Ti-in-zircon thermometry results ranging from 701 to 799°C 
(average = 752°C). In contrast, samples from the Middle 
Banded Series and Upper Banded Series, bracketing the 
hydrothermal Picket Pin PGE deposit, contain high-U zircon 
(358-12,440 ppm; Th/U = 0.01 to 1) that is partially to 
completely metamict recording open-system U-Pb systematics 
during subsequent hydrothermal activity. Non-stoichiometric 
Ca (up to 37,800 ppm) characterizes the metamict zones or 
grains, which also show significant gains in Ti (up to 268 
ppm), Nb (up to 93 ppm), light rare earth elements, and nearly 
complete loss of Li in the most altered zircon with a strong 
negative correlation between added Ca and lost Li. Abundant 
micrometer-scale pores are present in zircon from the most 
altered granophyres. Changes in elemental concentrations in 
zircon from the Stillwater granophyres during interaction with 
hydrothermal fluids appear to require a combination of 
processes, including (1) diffusion-reaction where elements 
such as U, Ca, Li, Zr, Th, and REE are exchanged at grain 
boundaries in contact with aqueous fluids following extensive 
metamictization, and (2) dissolution-reprecipitation producing 
the micro-porous structure.  
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Two hydrothermal vent fields have been described at the 
ultra-slow spreading ridge of the Mid-Cayman Rise (MRC), 
including the world’s deepest (Piccard ~4985m) and the 
nearby Von Damm vent field (~2300m). Both vent fields 
support a localized high-biomass. The food web has 
chemoautotrophic bacteria at the base and includes 
bacterivorous shrimp as well as carnivores: shrimp and 
anemones. 

The alvinocaridid shrimp Rimicaris hybisae is abundant at 
both vent fields and shows spatial variability in population 
structure. So far it has been considered bacterivorous. Large 
variations in tissue δ13C values remained largely unexplained, 
and it has been argued that δ13C values are not a good food 
web tracer in hydrothermal vent ecosystems.  

We observed that shrimp tended to be either in dense 
aggregations on active chimneys, or more sparsely distributed 
and peripheral in (near) ambient temperatures. With the 
hypotheses that varying δ13C values show real differences in 
food sources and that shrimp in different locales might have 
different diets, we collected shrimp from both environments at 
the Von Damm site during an Ocean Exploration Trust 
Expedition with E/V Nautilus (NA034, 08/2013) and examined 
their gut contents. 

Gut contents of all shrimp from dense aggregations 
consisted of white, amorphous material that resembled 
bacteria. Sparsely distributed shrimp (~1m from dense 
aggregations) had guts filled with fragments of crustacean 
exoskeleton, a mixture of bacteria-like material and crustacean 
exoskeleton, or bacteria-like material only. 

We analyzed stable isotope compositions of the shrimp and 
their gut contents. Shrimp δ13C, δ15N and δ34S values reflect 
those of their gut contents +1 trophic level. Sparse shrimp have 
dramatically lower δ13C and δ34S values, and slightly elevated 
δ15N values, in comparison to dense shrimp. Sparse and dense 
R. hybisae clearly have different diets. Ongoing work is 
determining what exactly is this crustacean food source, 
whether diet changes occur during life history, and if this is 
linked to the molting cycle. 
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Holocene sea-level records frequently rely on 14C dating of 

basal peat to constrain the age of sea-level transgression during 
the last deglaciation [1], usually through dating of identifiable 
charcoal or plant fragments. When basal peat is eroded or 
absent, underlying Holocene paleosols rich in organic carbon 
but lacking identifiable plant remains can sometimes offer an 
alternative. However, bulk 14C dates of paleosol organic carbon 
provide ages older than the time of soil burial [2]. Recently, 
ramped pyrolysis radiocarbon analysis of sedimentary organic 
material has been employed as a tool for elucidating 14C age 
spectra and carbon cycle dynamics in sediments with multiple 
organic carbon sources [3]. In this study, we evaluate the use 
of the ramped pyrolysis technique for obtaining 14C ages from 
early Holocene paleosols.  

We collected sediment cores from three sites in 
southeastern Louisiana. Each site features an immature early 
Holocene paleosol overlain by basal peat that accumulated in 
an estuarine marsh, in turn overlain by lagoonal muds. For 
each paleosol (1-2% organic carbon), decarbonated samples 
were heated at 5ºC min-1 from ambient laboratory temperature 
to 800ºC. The decomposition products were oxidized to CO2 
and collected in 5 aliquots over the entire temperature profile. 
We performed an identical ramped pyrolysis protocol on each 
corresponding peat sample. Collected CO2 gas was then 
graphitized for 14C analysis. In addition, we collected charcoal 
fragments and other plant macrofossils from each peat bed for 
conventional AMS 14C dating. We present the thermal 14C age 
spectrum of organic carbon for each co-occurring peat and 
paleosol pair, with special attention paid to 14C age differences 
between the two materials. We compare 14C ages from low-
temperature splits of ramped pyrolysis and plant macrofossils. 
Our results have implications for the potential use of ramped 
pyrolysis 14C dating of paleosols. 
 
[1] Li et al (2012), Earth Plan. Sci. Lett. 315-316, 41-50 [2] 
Schaetzl and Anderson (2005), NY, Cambridge Pr., 817 p. [3] 
Rosenheim et al (2013), Radiocarbon 55, 115-126  
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Introduction 

The adsorption of environmentally and biologically 
relevant molecules on the surface of metal oxide nanoparticles 
can impact the properties of these small particles and thus their 
contaminant behavior. In particular, the impact of surface 
adsorption on the properties (dissolution, aggregation and 
reaction chemistry) of nanoparticles in aqueous suspensions 
will be presented. Additionally, the role of size, particularly for 
nanoparticles below 10 nm in diameter, will be discussed.  
Approach 

The approach in these studies is to combine microscopy, 
spectroscopy, light scattering measurements, surface probes of 
adsorption and chemistry, along with health effects, to better 
understand the behavior of oxide nanomaterials in the presence 
of environmentally and biologically relevant ligands.  
Discussion of Results 

This talk will focus will be on recent studies and results on 
the oxide nanoparticles including naturally occuring iron 
oxides [1–4]. The differences between nanoparticles, 
especially those below 10 nm, and larger sized particles will be 
highlighted as well.  
 
[1] Mudunktouwa et al (2014) Analyst 139, 870-881 
[2] Borcherding et al (2014) Environ. Sci.:Nano, 
DOI:10.1039/C3EN00029J [3] Wijenayaka et al (2012) J Phys 
Chem C, 116, 12566 12577 [4] Rubasinghege et al (2010) 
Proc. Natl. Acad. Sci, 107, 6628-6633 
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The island of Santiago is located in the Cape Verde 
archipelago, 800 km W from Dakar, Senegal. The archipelago 
has volcanic origin and one of the islands (Fogo) still exhibits 
active volcanism.  

A geochemical study was carried out to characterize 
radionuclides in the geological environment, in a section of the 
Santiago island that includes the town of Praia (130,000 
inhabitants). A total of 30 samples from representative 
geological units were collected and their U, Th and K 
contentes determined with an Ortec NaI(Tl) 3” gamma 
spectrometer at the Laboratory of Natural Radioactivity of the 
University of Coimbra (Portugal). Additionaly, a total of 43 
CR39 passive detectors were placed in dwellings of this town, 
during 2 months, to evaluate exposure to radon gas. The 
detectors were processed with an automated Radosys system, 
after chemical etching. 

Four main geological formations were studied, the old 
eruptive complex (CA), mainly composed of basic veins (ca. 9 
Ma); the Flamengos formation (FF), composed of submarine 
basaltic lava sequences (ca. 4.5 Ma), the eruptive complex of 
Pico da Antonia (PA), composed of basaltic lava sequences 
and pyroclasts of submaribe/subaerial nature (2-3 Ma), and the 
Monte das Vacas (MV), composed of pyroclasts (0.7-1.1 Ma). 

The average uranium content determined is quite silimar in 
the several formations (CA – 2.0 ppm; FF – 1.4 ppm; PA -1.7 
ppm; MV – 1.9 ppm). The minimum concentration observed 
was 0.4 ppm (PA) and the maximum 3.7 ppm (CA). Thorium 
content shows an higher average value for CA (6.2 ppm), and 
similar values for FF, PA and MV (4.9, 4.8 and 5.4 ppm, 
respectively). The same trend was observed for K2O, with CA 
showing higher values (2.9%) and the remaining formations 
similar contents (1.3, 1.1 and 1.9%, respectively). 

The low uranium concentrations measured and the mild 
climate of the region allow to antecipate reduced indoor radon 
activities. This was indeed confirmed, with an average activity 
of 39 Bq/m3 obtained (range from 7 up to 93 Bq/m3). From 
these results we can conclude that human exposure to natural 
radiation in the region is lower than world average.  
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The lithospheric mantle is depleted in incompatible 

elements and basically anhydrous or nearly anhydrous. 
However, in subduction zones, smectite is one of the most 
important minerals that could bring together volatiles elements 
and trace elements into the mantle promoting re-hydration and 
trace element enrichment. However, in order to be considered 
efficient, smectite must resit to pressure and temperature or 
must transform into other phases able to bring such elements to 
the mantle. Our group is developing phase diagrams under 
high pressure and temperature (HPHT) in K-, nitrogen- (NH4

+) 
and La-doped smectite in order to understand the smectite-illite 
(or muscovite) transformation. Current results shows that La-
smectite is stable under pressures of 2.5GPa, 4.0 and 7.7GPa at 
temperatures up to 250°C, ~300°C and 350°C, respectively, 
above which they transform into a La-muscovite-like structure, 
being irreversible in such conditions. K-, NH4

+- smectite, 
however, are stables at temperatures around 250° C, 
independently of any pressure. Above this, they transforms 
into a I/S structure previously to changing into a muscovite 
structure at ~450°, 350° and ~300°C, under 2.5, 4.0 and 
7.7GPa, respectively. These results show that pressure does not 
affect the stability of K- and NH4

+- smectite, which remain 
stable up to 250°C under pressures up to 7.7GPa. On the other 
hand, higher pressures enlarge smoothly the La-smectite 
stability field in a very limited extension. Transformation of 
La-smectite into muscovite occurs directly, but K- and NH4

+-
smectite transformation occurs via I/S structure. La-
smectite/muscovite transformation is in perfect agreement with 
high pressure ice/water transformation. However, K-and NH4

+-
smectite does not have such straightforward influence, due to 
the existence of the I/S stability field. 
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Background: Land use regression (LUR) models are often 

used in environmental epidemiology to assess air pollution 
exposures. We explore the potential for improved continental 
scale modelling through use of satellite-derived pollutant 
measurements. 

Methods: LUR models for NO2 and PM10 were developed 
at 100m spatial resolution using annual-mean concentrations 
measured at >1500 monitoring sites across Western Europe. In 
addition to satellite-derived NO2 and PM, predictor variables 
included land use characteristics, road density, and population 
density extracted in zones from 0.1km to 10km. Altitude and 
distance to sea were also considered. Models with and without 
satellite-derived measurements were developed for years 2005-
2007. 

Results: Model performance for NO2 ranged from R2 = 
0.48 to 0.58 (CV R2 = 0.46 to 0.56) and for PM10 ranged from 
R2 = 0.22 to 0.50 (0.25 to 0.47). Including satellite data 
marginally improved model performance for NO2 (R2: 0.55 
without, 0.58 with satellite data in year 2005), while PM10 
exhibited greater improvements (R2: 0.36, 0.50 in year 2007). 

Conclusions: Fine resolution Europe-wide models of NO2 
and PM10 concentrations were developed using readily 
available data, with satellite-derived measurements improving 
model performance. These models were used to evaluate 
population exposures across Europe, and are available for use 
in epidemiological and health risk assessment studies. 
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Ages of mineral chronometers can vary as a function of: 
Pressure P. Diffusivity D decreases when P increases. 

Small effect, compared to the other letters. 
Temperature T. Everything goes faster when T increases. 

Just how important this is will be seen below. 
Water activity A. It enables dissolution-reprecipitation, 

without which no medium-T metamorphic paragenesis can 
form [1]. It overruns every other process and has a very weak 
temperature dependence [2]. 

Molar fraction X. It determines the stability fields in 
pseudosections. Destabilized mineral chronometers are reset, 
stable ones mostly not [3]. 

Deformation d. By promoting recrystallization it resets 
mineral ages at low T while samples a few m away preserved 
old ages at high T [4,5]. 

Age t. Intra-mineral age variations recognized by spatial 
resolution and/or stepwise release ("SR/SR") help us 
understand the respective roles of P,T,A,X,d. [6] 

Diffusive losses can occur in some cases [3,7] and are 
diagnosed by characteristic intra-grain bell-shaped profiles 
[8,9]. Irregular textures require high A independently of T. As 
chronometers record the event that reset them most efficiently, 
patchy minerals are a poor thermochronometer but a good 
hygrochronometer. The special role of petrologic equilibrium 
[10] is easily summarized: equilibrium = maybe diffusion, 
disequilibrium = certainly retrogression & recrystallization. 
Partly retrogressed phases (orthoclase/adularia, phengite/para-
gonite/muscovite, biotite/chlorite, allanite/monazite, etc) 
require not only age acquisition by SR/SR but above all the 
diagnose of heterochemical replacement [11, 6]. 

Retrogression reactions depend on PTAXd; the dependence 
of t on T is subordinate and never unique. 

 
[1] Rev Mineral Geochem 70 (2009) 87 [2] Science 222 (1983) 
413 [3] J Petrol 52 (2011) 691 [4] Geochim Cosmo-chim Acta 
101 (2013) 24 [5] J Petrol doi:10.1093/petrology/egu007 [6] 
Harlov & Austrheim, Metasomatism and the Chemical 
Transformation of Rock. Springer, Heidelberg, ISBN 978-3-
642-28393-2, p. 171-202 [7] Earth Planet Sci Lett 170 (1999) 
141 [8] Contrib Mineral Petrol 142 (2002) 416 [9] Lithos 88 
(2006) 1 [10] Geol Soc London Spec Pub 332 (2010) 1 [11] 
Ann Rev Earth Planet Sci2 (2007) 137 
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The hypersaline Salton Sea is California’s largest lake and 

one of the most important wetlands in the Western US [1]. 
This eutrophic lake is located in SE California and supports 
endangered fish and avian populations threatened by several 
pollutants, including selenium (Se). Se is mobilized through 
agricultural irrigation and enters the Salton Sea mainly as 
selenate. In Salton Sea littoral sediments selenate reduction 
potential far outweights dissolved Se inputs [2]; as a result, 
virtually all the Se discharged to the Salton Sea remains 
sequestered in sediments [3].  

To assess littoral sediments as a potential Se sink we 
investigated microbial selenate reduction and Se spatial depth 
distribution. In samples collected from different depths (0-8 
cm, 2 cm intervals) at two locations (north and south), we 
measured selenate reduction rates (SeRR) using flow-through 
reactors (FTR) and isotherm constants for selenate sorption in 
slurry experiments. We also determined bulk density, porosity, 
particle size distribution, Corg:N, bulk Se concentration, and 
most probable numbers for selenate-reducers (SeR-MPN).  

Littoral sediments from north and south sites showed 
similar trends. The highest SeRR (1.4-2.5 µg h-1cm-3) were 
detected at 0-2 cm, and decreased significantly with depth. 
Corg:N increased with depth: the lowest values (5.2-5.9) were 
found at 0-4 cm, and the highest (6.5-7.7) at 4-8 cm. At the end 
of FTR experiments, SeR-MPN (2-7×104 MPN cm-3) and bulk 
Se concentration (~25 mg kg-1) were the highest in surface 
sediment. 

Our data confirm that selenate reduction in littoral 
sediments of the Salton Sea is microbially mediated. Our 
results also suggest that microbes inhabiting surface sediment 
are well adapted to reduce selenate entering the Salton Sea to 
predominantly elemental Se. We can therefore conclude that 
better adapted microbial communties and close proximity to 
the water-sediment interface make surficial Salton Sea littoral 
sediments an important Se sink. 

 
[1] Miles (2009) USGS OFR 2009-1276 [2] VillaRomero 
(2013) Hydrobiologia 709, 129-142 [3] Schroeder (2002) 
Hydrobiologia 473, 23-45  
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The presentation will review available isotope evidence of 
nuclear fission at the uranium ore deposit Oklo and on 
neutronic parameters of the Oklo reactors. The currently 
accepted hypothesis of water moderation will be questioned. 
The role of bitumen in controlling the low-grade ore 
deposition, the ore enrichment and the sustained criticality will 
be discussed. 
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Established H and C isotope fingerprinting techniques [1] 
can lead to inconsistent interpretations for delineating the 
pathways of methanogenesis (acetoclastic methanogenesis vs. 
CO2 reduction) in biogenic natural gas reservoirs. Compound-
specific carbon isotope analysis of acetate, yielded during 
biodegradation and a direct precursor of CH4 and CO2, 
complements indirect approaches utilizing carbon isotopes of 
accumulated products. An important control on δ13C-acetate is 
the preferential routing of the 12C-bearing compound through 
methanogenesis, leaving the unreacted (residual) acetate 
13C-enriched [2]. Therefore, compound-specific C isotopic 
composition can provide a direct record of acetate utilization 
by methanogens. This is useful for assessing the relative 
importance of acetoclastic methanogenesis and CO2 reduction. 

δ13C-acetate for Powder River Basin (PRB) coal bed 
waters was determined by sample preconcentration (original 
concentrations <20 μM) followed by headspace solid-phase 
microextraction and GC-IRMS. Along a 25-km sampling line 
from a shallow-basin edge enviroment to a deeper, basin-
interior environment in the PRB, δ13C-acetate exhibits 
substantial variability (-34.3 to -15.1‰) that broadly parallels 
trends in δ13C-CH4 and δ13C-CO2 (-78.2 to -56.2‰ and -24.7 
to 8.5‰, respectively). Along this line, δ13C-CH4 and 
δ13C-acetate exhibit a linear relationship with slope of 1.04 and 
offset of ~40‰ (R2=0.71).  

The variation of δ13C-acetate is consistent with 
methanogens utilizing acetate. The large range of δ13C-acetate 
is consistent with higher overall favorability of 
methanogenesis at the basin interior, relative to 
less-fractionating processes such as sulfate reduction that are 
significant in the shallow, basin-edge environment. It should 
be noted that δ13C-acetate is an average of methyl and carboxyl 
carbon within acetate, whereas the methyl group is the 
expected methane precursor in the acetate molecule. 
Intramolecular isotope analysis would yield additional 
diagnostic information on acetate conversion to methane. 
 
[1] Whiticar (1999) Chem. Geol. 161, 291-314 [2] Blair and 
Carter (1992) Geochim. Cosmochim. Acta 56, 1247-1258  
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Ol’khon region is attributed to early caledonides of 
western Cisbaikalia. The region is located at south margin of 
Siberian craton. It was formed by accretion/collision events 
connected with closing of Paleoasian Ocean [1-3]. The 
structures of the area are considered to be a accretion/collision 
collage combining tectonic units of different genesis (granulite, 
amphibolite metamorphic facies). Sintectonic granites are 
related to three stages: (1) Dn –folding overthrust type (relict), 
(2) Dn+1 – sintectonic granite-gneiss diapires, (3) Dn+2 – 
sintectonic strike-slip left lateral deformations.  

The U/Pb zircon (single grain) age of the first type granites 
(Dn) defined to be equal to 490-480 Ma. For sintectonic 
granites (Dn+3) from Shibetsky cape (Ol’khon island) we 
ascertain thermochronologic trend: t1 = 550±5 Ma (U-Pb, 
protholith age), t2 = 455±5 Ma (U-Pb, magmatic age), t3 = 
398±4 Ma (40Ar/39Ar, biotite, postmagmatic strike-slip 
deformations). Data obtained confirm to close connection of 
granite formation with accretion/collision orogenic events. 

Research carryed out in TSU and sponsored by Presidium 
SB RUS (IP ONZ-10.3, PFI 77) and RFBR (№№ 14-05-
00747, 14-07-00712). 

 
[1] Fedorovsky and Sklyarov (2010), Geodynamics & 
tectonophysics 12, 1409-1427 [2] Vladimirov et al (2011), 
Doklady RAS 6, 793-799 [3] Mikheev et al (2014), Doklady 
RAS 3, 1-6 
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Environmental risk from Hg-contaminated sediments is 

due primarily to methylmercury (MeHg) exposure and 
bioaccumulation. Reducing MeHg concentrations as a means 
of risk reduction in situ can therefore be an appropriate target 
for remediation. MeHg levels in sediments and porewater 
reflect a balance between Hg methylation and MeHg 
demethylation, both of which are microbially mediated 
processes. MeHg production in aquatic sediments is generally 
associated with specific terminal electron accepting processes 
(TEAPs) including sulfate reduction, Fe(III) reduction and 
methanogenesis, while demethylation can occur by both 
oxidative and reductive pathways [1,2]. We hypothesize that 
manipulating sediment redox with a solid-phase amendment 
(pyrolusite, MnO2) to set and maintain Mn(IV) reduction as the 
dominant TEAP can inhibit Hg methylation and enhance 
MeHg degradation in Hg-contaminaed sediments.  

In anaerobic sediment-water microcosm tests with a 
contaminated estuarine sediment (95 ug/g total Hg), average 
dissolved MeHg concentrations were 92% lower (0.12 ng/L) in 
pyrolusite-amended micorcosms than in live control 
(unamended) micrcosms after 16 weeks incubation, while total 
dissolved Hg concentrations were not significantly different. 
Monitoring of redox indicators (Eh, dissolved Fe, Mn, sulfide) 
confirmed that the amended systems were poised at Mn(IV) 
reduction while controls ultimately went sulfidic. Spiking 
sediment microcosms with soluble inorganic Hg (HgCl2 
solution) greatly enhanced average dissolved MeHg in live 
controls after 2 weeks (101 ng/L) while amended microcosms 
remained essentially unchanged at 0.40 ng/L. Pyrolusite also 
reduced total dissolved Hg by ~80% likely due to adsorption of 
Hg chloride complexes. In another experiment, synthetic 
MeHgCl solutions were reacted with commercial pyrolusites 
covering a range of grain size and purities. Dissolved MeHg 
concentrations were reduced by up to 95% after 1 hour, with 
demethylating activity apparently increasing with both specific 
surface area (finer grain size) and higher impurity content.  
 
[1] Hsu-Kim et al (2013) Environ. Sci. Tech. 47, 2441-56 [2] 
Gilmour et al (2013) Environ. Sci. Tech. 47, 11810-20 
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We report on the occurrence of Fe-oxide coatings in recent 

(1977-2004) air-quenched lava samples (naturally emplaced) 
from Piton de la Fournaise volcano. The coatings (<1 µm) are 
found in vesicles or at the surface of lavas (Fig. 1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1: Backscattered Electron image of the surface of a lava 
bomb sample (040109-1) showing iron-oxide (light grey) 
coating basalt (dark grey). 
 

The coatings were leached with 1M HCl and analyzed for 
trace elements and Pb isotopes. The leachates are enriched in 
Cu, Ni, Bi, Pb and Cd relative to lavas, with enrichment factors 
(EFX=[X/Ce]leachate/[X/Ce]basalt) between 2 and 12. The isotopic 
composition of leached Pb (0.5 - 5 ng) was measured on a MC-
ICPMS Neptune Plus using a 1012Ω resistor to enhance 204Pb 
signal-to-noise ratio. The Pb isotopic compositions (206Pb/204Pb 
between 17.2 and 17.6) of the leached Fe-oxides are far less 
radiogenic than the host lavas (206Pb/204Pb between 18.88 and 
18.94). 

It is hypothesized that the Fe-oxides share a common 
origin with sulfides, which are common in the plutonic roots of 
the volcano [1], but very rare in subaerial lavas. The 
measurement of the Pb isotopic composition of sulfides is 
planned to test this possibility. 
 
[1] Upton et al (2000). J. Volcanol. Geortherm. Res. 104, 297-
318 
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Natural nanoparticles profoundly impact the fate of trace 
elements in terrestrial and aquatic systems as catalysts, 
immobilizing sorbents or colloidal carriers. Two systems will 
be discussed in which redox-processes induce the high degree 
of supersaturation that leads to nanoparticle precipitation. 

(i) Flooding of contaminated wetland soils may lead to the 
release of trace metals into aquatic systems. In microcosm 
experiments, we found substantial mobilization of colloidal 
Cu, Hg, Pb and Cd into porewater upon soil flooding [1,2]. 
Spectroscopic and microscopic evidence (XAS and TEM) 
showed that this was initially due to bacterially-mediated 
formation of Hg-containing Cu(0) nanoparticles. Microbial 
sulfate reduction subsequently led to Cu(0) sulfidation and the 
formation of new Cu-rich metal sulfide nanoparticles that also 
contained Cd, Pb and Hg. These findings demonstrate that 
formation of metallic and metal sulfide nanoparticles may 
mobilize metals into soil porewater. Their importance for long-
range metal transport however will depend on additional 
factors including their colloidal mobility in the subsurface and 
oxidative dissolution kinetics in oxic water bodies. 

(ii) The oxidation of Fe(II) by O2 at anoxic/oxic boundaries 
induces the precipitation of nanoparticulate Fe(III)-precipitates 
with a high capacity for cation and anion uptake. Related to 
studies on As removal from anoxic Fe(II)-containing 
groundwater in Asia, we studied how phosphate, silicate and 
Ca affect the formation, structure and As uptake of Fe(III)-
precipitates [3-5]. XAS and TEM analyses showed that the 
structure of precipitates formed over a wide range of 
conditions systematically varied between several end-
members, most importantly lepidocrocite, ferrihydrite and 
amorphous Fe(III)-phosphate. These results provide the basis 
for a better understanding of the link between water chemistry 
and the formation of different Fe(III)-precipiates with different 
chemical and colloidal reactivity. Such knowledge is essential 
for assessing the impact of Fe(III)-precipitates on nutrient and 
trace element cycling in the environment and their optimal use 
in engineered systems for water treatment. 

 
[1] Weber et al Nature Geosci. 2: 267, 2009 [2] Hofacker et al 
Environ. Sci. Technol. 47: 7739, 2013 [3] Voegelin et al 
Geochim. Cosmochim. Acta 74: 164, 2010 [4] Kaegi et al 
Geochim. Cosmochim. Acta 74: 5798, 2010 [5] Voegelin et al 
Geochim. Cosmochim. Acta 117: 216, 2013 
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The neutralization of acid Fe(II)- and Al-containing 

drainage by mixing with near-neutral surface water results in 
Fe(II) oxidation and formation of Fe(III)-Al-precipitates that 
may scavenge trace elements like As [1]. In previous work, we 
investigated how dissolved phosphate (P) and silicate affect the 
structure of Fe oxidation products at near-neutral pH in the 
absence of Al [2,3]. The aim of this study was to examine how 
increasing Al levels affect the structure and arsenate (As(V)) 
uptake of Fe(III)-Al-precipitates. Synthetic Fe(III)-Al 
precipitates were formed at 0.5 mM Fe+Al by spiking 1% (v/v) 
of an acidic Fe(II)+Al solution (50 mM; 1 mM HCl) into 
oxygenated 4 mM Ca-bicarbonate electrolyte buffered to pH 
7.0 with CO2 gas and containing 7 µM As(V). The experiments 
were performed at molar Al/(Al+Fe) ratios of 0, 0.1, 0.2, 0.5 
and 1 and P/(Al+Fe) ratios of 0, 0.05, 0.1, 0.3, 0.5, 0.75 and 
1.5 (5×7 combinations). After complete precipitation (4 h), 
unfiltered and filtered (0.1 µm) solutions were collected for 
analysis by ICP-MS and the precipitates were dried for 
analysis by Fe K-edge XAS and TEM. 

For P-free precipitates, XAS data indicated a shift in Fe 
coordination from lepidocrocite-like in the absence of Al to 
dominantly ferrihydrite-like at an Al/(Al+Fe) ratio of 0.5. At 
all Al/(Al+Fe) ratios, increasing P/(Al+Fe) ratios caused a shift 
in Fe coordination towards amorphous Fe(III)-phosphate. TEM 
analyses will reveal the extent to which Fe and Al formed 
mixed or invidividual precipitates. At P/(Al+Fe) ratios >0.5, P 
exhibited only a slight preference for co-precipitation with 
Fe(III) rather than Al, whereas As(V) exhibited a clear 
preference for co-precipitation with Fe(III). At P/(Al+Fe) 
ratios <0.5, however, small Al fractions enhanced As(V) and P 
uptake relative to the pure Fe system, most likely due to the 
effect of Al on Fe coordination. The differences in precipitate 
structure and in P and As(V) interaction with Al and Fe(III) 
were reflected in dissolved As(V) concentrations that varied 
over nearly two orders of magnitude as a function of molar 
Al/(Al+Fe) or P/(Al+Fe) ratio. 

 
[1] Adra et al Environ. Sci. Technol. 47: 12784, 2013 [2] 
Voegelin et al Geochim. Cosmochim. Acta 74: 164, 2010 [3] 
Kaegi et al Geochim. Cosmochim. Acta 74: 5798, 2010 
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We have measured Fe-Mg interdiffusion in a synthetic 
Mg-spinel (MgAl2O4) and a natural (Fe,Mg)-spinel (XMg ~ 
0.93) by depositing thin films (~ 100 nm) of an iron-rich (XFe ~ 
0.5) spinel composition on polished surfaces of single crystals. 
Experiments were carried out at controlled oxygen fugacity 
(buffered by a continuously flowing gas mix of CO and CO2) 
at atmospheric pressure and at temperatures between 700 and 
900 °C. Concentration gradients and film thicknesses were 
measured by Rutherford Backscattering Spectroscopy (RBS); 
surfaces of samples were also inspected using optical 
microscopy, SEM, EBSD and white light interference 
microscopy. The diffusion profiles were fitted using a finite 
difference numerical method that accounted for mass balance 
between thin film and substrate, and compositional dependence 
of diffusion coefficients. It was found that diffusion behavior 
in Mg-spinel (activation energy, fO2-dependence) is different 
from that in (Fe,Mg)-spinel. Diffusion rates are found to 
depend on (Fe/Mg) of spinel crystals and in contrast to the 
behavior in silicates, diffusion rates are found to increase with 
Mg-content of spinel. fO2-dependence of the diffusion 
coefficient in (Fe,Mg)-spinel is non-linear and shows a 
minimum at an oxygen fugacity of ~ 3 x 10-17 bars in the 
temperature range of the study. A similar behavior is known 
for diffusion in magnetite in the literature [1], and has been 
shown to result from diffusion occuring by an interstitial 
mechanism at reducing conditions and by a vacancy 
mechanism at more oxidizing conditions. We have been able to 
find an expression based on such a point defect model that 
describes all available data in the literature on Fe-Mg diffusion 
in spinel (this study, [2],[3]) well. Without consideration of the 
point defect mechanism, the data appear to be widely 
discrepant with one another. This underscores the necessity of 
understanding point defect mechanisms of diffusion for 
describing diffusion behavior and calculation of diffusion 
coefficients for modeling different natural situations. 

  
[1] Dieckmann R and Schmalzried H, Z. Phys. Chem. NF, 96 
(4-6) [1975] 331-333 [2] Liermann P and Ganguly J (2002) 
GCA 66 2903-2913 [3] Freer R and O'Reilly W (1980) Min. 
Mag. 43 889-899 
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Secondary Ion Mass Spectrometry (SIMS) on the 

nanoscale (lateral resolution down to 30 nm) facilitates studies 
analysing microbial metabolisms on the single cell level. A 
CAMECA NanoSIMS 50L is employed at the Leibniz Institute 
for Baltic Sea Research in Warnemünde, Germany for the 
analysis of stable isotope experiments in different microbial 
projects. 

Cyanobacteria are one object of the studies. A project 
aimed on the origin of cyanobacterial blooms. Samples from 
the phycoerythrin-maximum (70-90 m water depth) were 
incubated with 13CO2 und 15N2. Two cyanobaterial species, 
Anabena sp. and Nodularia sp., were found to have 
incorporated the isotope labels. This indicates that organisms 
from this water depth are still viable and might act as seed for 
bacterial blooms. Above this, It was nicely depicted, that the 
uptake of 15N was restricted to the heterocyst of Nodularia sp.  

Another study object is Sulfurimonas gotlandica, a 
chemolithoautotrophic prokaryontic key player of sulfur fluxes 
in the pelagic redox zone of the central Baltic Sea [1]. 
Incubation experiments of pure cultures and natural 
assemblages from the sulfidic, suboxic and interface zone of 
the Baltic Sea were performed employing 34S, 15NO3

- and 
13CO2. The combination of NanoSIMS analysis with 
fluorescence dying techniques enables the coupling of 
information about the abundance of this organism in the 
different water depths with its activity.  

Soil organisms are another study field. A project deals with 
the fixation of nitrogen by diazotrophic bacterial strains under 
saline stress. The bacterial strains were isolated from the roots 
of Salicornia herbaceae, an extreme halophyte. An incubation 
experiment employing 15N2 and different salt concetrations was 
performed. NanoSIMS analyses were able to depict the 15N 
incorporation in combination with the variation of other 
element abundances (e.g. Cl, P). 

 
[1] Grote et al (2012), PNAS 109, 506-510 
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The production rate of publications using metal and 

metalloid stable isotope ratios, since the introduction of 
multicollector ICP-MS in 1995, has increased from ~5/yr in 
2000 to ~150/yr in 2013. The periodic table has been colonised 
so thoroughly that now virtually no element featuring more 
than one stable isotope has been left untouched by 
geochemist’s favourite mass spectrometers. But has this 
enormous success been associated by a concomittant increase 
in scientific insight, or a discovery that would not have been 
made without these tools?  

I will review a non-representative list of some of the “big” 
discoveries that have been made. Amongst these are the 
fractional incorporation of Si into Earth’s core during early 
mantle-core differentiation; the oxidation of Earth’s mantle 
over geologic time; its relationship to oxygenation of the 
atmosphere; the changes of atmospheric CO2 concentration in 
the latest Cenozoic from paleo-ocean pH proxies; the change 
in the state of terrestrial weathering over time as recorded in 
rivers and in marine sediment; the pathways of toxic methyl 
mercury through marine food webs; approaches for monitoring 
transition metal reduction in aquifers. Stable metal isotopes 
have also begun to emerge in other disciplines beyond the 
Earth sciences. For example, we can now see subtle species-
dependent differences in how metals are cycled through higher 
plants and we are on a path to develop indicators for the onset 
of severe medical conditions in humans.  

Such a review is also the occasion to critically question the 
way we approach stable metal isotope geochemistry. While 
good progress has been made on the most important 
ingredient: the determination of equilibrium fractionation 
factors from both ab initio simulations and experiments, it is 
(from pure publication statistics) apparent that the field is still 
lopsided towards empirical surveys of natural systems. 
Preciously few conceptual models have been developed that 
provide a framework for the way these complex systems 
function. Amongst these are the theory of mass- and non mass-
dependent fractionation, the competition between kinetic and 
equilibrium isotope effects, and predictive mass balance and 
reactive transport models. We need much more such theory to 
guide the interpretation of data so that its increase generates a 
true increase in knowledge. 
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Traditionally, the radiogenic isotopes (Sr, Os, Nd, Pb) are 
measured in sediment as proxies for changes in weathering 
flux. However, these isotopic ratios are only indirect indicators 
of flux, and rather provide mostly information on the source 
and the style of weathering. The 7Li/6Li stable isotope ratio is 
now gaining increasing popularity, but it does not necessarily 
record flux but tracks instead the ratio of dissolved to solid Li 
export by rivers. In contrast, we suggested recently that the 
ratio of the meteoric cosmogenic radionuclide 10Be to the 
stable isotope 9Be is a quantitative flux proxy of terrigenous 
input into the oceans [1, 2]. We evaluate this proxy for 
terrigenous inputs by using published dissolved seawater Be 
isotope data and a compilation of global river loads. We find 
that the measured global average oceanic dissolved 10Be/9Be 
ratio of about 0.9x10-7 is satisfied by this mass balance if only 
about 1% of the 9Be mobilised by weathering and erosion is 
eventually released to the open ocean after escaping the coastal 
zone. As the seawater 10Be/9Be ratio is faithfully recorded in 
marine chemical precipitates the 10Be/9Be ratio extracted from 
authigenic sediments can now serve to estimate relative 
changes in terrigenous input into the oceans back through time 
on a global and on an ocean basin scale. Using such records, 
we show that the terrigenous flux into the oceans (as seen 
though the eyes of the 10Be/9Be proxy) was remarkably stable 
in the geologic past. 

 
[1] von Blanckenburg, F. and J. Bouchez, River fluxes to the 
sea from the oceans 10Be/9Be ratio. Earth and Planetary 
Science Letters, 2014. 387: p. 34-43 [2] von Blanckenburg, F., 
J. Bouchez, and H. Wittmann, Earth surface erosion and 
weathering from the 10Be (meteoric)/9Be ratio. Earth and 
Planetary Science Letters, 2012. 351-352: p. 295-305 
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The analysis of engineered nanoparticles (ENPs) in 

consumer products, food and the environment is still a 
challenging task. Advances in the study of the fate, transport, 
and (eco-) toxicological effects of ENPs are hampered by a 
lack of adequate techniques for the detection and quantification 
at relevant (low) concentrations and in samples with a complex 
composition. The analysis of ENPs differs from traditional 
chemical analysis because both chemical and physical forms 
must be considered. Since ENPs are colloidal systems, their 
appearance and physicochemical properties depend upon the 
surrounding conditions and may be of transient character. The 
consequence is that while trying to observe, isolate, and 
quantify ENPs, their physical-chemical properties may be 
changed, making the analysis extremely susceptible to 
artifacts. Frequently the direct and non-invasive detection of 
ENPs in complex samples is hampered by the presence of 
sample components interacting with the NPs and/or interfering 
with the analytical technique. Separation and isolation of the 
ENPs is therefore necessary in most cases. 

Natural surface waters which are used for recreation are 
receiving titanium dioxide from bathing activities in still 
unknown amounts. We have used bulk and nano-specific 
analysis in a 2-year sampling campain to quantify the emission 
of TiO2 particles from sunscreens into bathing waters. We 
applied concepts of elemental ratios to distiguish the 
anthropogenic particles from the relatively high background of 
natural titanium-bearing particles. By combining results from 
time-series (surface water sampling) with surface sediment 
samples, sediment cores, water-air interface sampling, and 
background soil analysis with comparison to a non-polluted 
nearby reference site we were able to quantify the average 
increase of Ti-concentrations in the water phase by sunscreen 
emissions and relate this to the amount of TiO2 particles 
emitted into the surface water during the bathing season. 
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The Mackenzie River represents the largest fluvial 
sediment flux to the Arctic Ocean (124 Mt/yr), delivering as 
much sediment as all other major Arctic Rivers combined. 
During the annual Spring flood, a large fraction of Mackenzie 
River suspended sediments is efficiently trapped in the wide 
mosaic of deltaic lakes. These lakes offer great potential for 
reconstructing past records of sediment and fluvial discharge, 
and can provide context for ongoing climate-induced changes 
in the drainage basin.  

Here we present molecular and bulk 14C data from a 
laminated deltaic sediment core, spanning the last ~100 years. 
Additionally, we will use a blend of sedimentological (grain 
size, mineral surface area), organic (%TOC, %TN, δ13C, δ15N, 
Δ14C) and inorganic (major/trace elements, Nd isotopes) 
geochemical analyses to characterize river suspended matter, 
along with bank, channel, lake and shelf sediments in the 
Mackenzie delta and near-coastal zone. With this approach we 
seek to (i) assess recent changes in fluvial discharge of pre-
aged (permafrost) soil input, (ii) constrain fluvial sediment 
provenance, (iii) identify spatial variations in delta 
sedimentation, and (iv) assess organic carbon burial fluxes.  

Our results indicate a loss of mineral-bound terrestrial OC 
(55-70%) during transport through the delta and deposition on 
the shelf. Sharp differences in Nd isotopes of the detrital 
sediment component throughout the delta reveal distinct 
depositional patterns, reflecting differential supply of 
sediments emanating from young (i.e. Peel River basin) or old 
(Canadian shield) geological terrain within the Mackenzie 
River network. Sediments are characterized by high 
contributions of fossil OC (bulk 14C-OC 14-27 kyrs) derived 
from petrogenic source rock material. Leaf wax 14C ages, 
providing an unbiased (permafrost) soil signal, which vary 
between 5.1 and 8.8 14C-kyrs, suggest an increase in pre-aged 
soil OC input in the last ~20 years.  
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Northern permafrost regions store ca. 50% of the total 

belowground soil organic carbon (OC) pool1 and are currently 
subject to intense climate warming. The shallow coastal region 
of the East Siberian Arctic Shelf (ESAS) is heavily influenced 
by terrestrial OC input, both from coastal erosion2 and rivers. 
Recent increases in permafrost thaw and river discharge, along 
with a decrease in ice cover, impact terrestrial OC fluxes, but 
our understanding on transport and fate of terrestrial OC in 
shelf waters is still limited.  

During the International Siberian Shelf Study-2008 we 
collected surface suspended particulate matter (SPM), sinking 
SPM, and surface sediments throughout the ESAS. Previous 
results3 highlight the globally-unusual observation that, despite 
the shallow water column (10-40m), surface sediment OM is 
older yet less degraded than surface suspended OM.  

We show here that radiocarbon ages of bulk OC increase 
from surface SPM (3.0±2.5 14C-ky; mean±stdev) and sinking 
SPM (3.2±1.5 14C-ky; younger ) to surface sediments (7.9±3 
14C-ky), suggesting a release of pre-aged permafrost OC, and 
preferential settling of older, mineral-bound OC. Additionally, 
radiocarbon ages of lipid biomarkers, serving as tracers for 
terrestrial permafrost OC, were 14C-dated in surface SPM 
(ranging from 5.1 to 13 14C-ky) and in surface sediments (5.5 
to 18 14C-ky). Lipid biomarker ages in surface SPM and 
surface sediment are older with increasing distance from Lena 
River, and with closer proximity to active coastal erosion sites.  
 
[1] TARNOCAI et al., 2009. Global Biogeochem. Cycles 23 
[2] VONK et al 2012. Nature 489, 137-140 [3] KARLSSON et 
al 2011. Biogeosciences 8, 1865-1879 

 



 Goldschmidt2014 Abstracts  

 

2595 

2595 

U/Pb dating of CA and non-CA 
treated zircons obtained by LA-ICP-
MS and TIMS techniques: impact for 

their geological interpretation 
A. VON QUADT1, D. GALLHOFER1, M. GUILLONG1, 

I. PEYTCHEVA1,2 AND M. WAELLE1 
1Department of Earth Sciences, Institute of Geochemistry and 

Petrology, ETH Zurich, Switzerland, 
e-mail: vonquadt@erdw.ethz.ch 

2Bulgarian Academy of Science, Geological Institute, Sofia, 
Bulgaria 

 
The Chemical Abrasion-Isotope Dilution-Thermal 

Ionization Mass Spectrometry (CA-ID-TIMS) is known as a 
high precision technique for resolving lead loss and improving 
the interpretation of U/Pb zircon age data. Here we present the 
results using a combination of CA with widely applied Laser 
Ablation – Inductively Coupled Plasma – Mass Spectrometry 
(LA-ICP-MS) and argue that this combination improves the 
precision and accuracy of zircon dates, while reducing data 
scatter, providing meaningful geological interpretations. The 
samples for dating are magmatic rocks chosen from different 
time periods (Paleozoic, Mesozoic, Cenozoic). All zircon 
separates are measured with LA-ICP-MS before and after CA 
and compared with the CA-ID-TIMS 206Pb/238U dates. All CA-
treated zircon crystals show up to 50% less data scatter 
compared to the non-CA treated zircon grains and thus a 
reduction of the calculated errors is apparent. The obtained 
mean 206Pb/238U ages of the CA-treated zircon grains are up to 
6 % higher than those for the non-CA treated crystals, 
exceeding the usual analytical errors associated with the LA-
ICP-MS dating technique of 1-2 % or less. The interpretation 
of the age data is easier, as U-(and Th)-decay damaged parts 
with lead loss are removed, so we can exclude younging from 
the possible geological scenarios. CA-LA-ICP-MS age data are 
in good agreement with the CA-ID-TIMS dating and suggest 
the use of the CA-LA-ICP-MS as an independent technique 
that should be “obligatory” in cases of short-lived systems, in 
order to define life-times of magmatic systems or ore 
formation and P-T-t paths. 
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Coastal anoxia is a proliferating environmental problem. 

Knowledge of the controls on anoxic incidents may assist in 
creating strategies for mitigating dead zone development. 
While the geochemistry of Mo may provide the means to 
acquiring this knowledge, interpreting Mo records is stymied 
by an incomplete understanding of Mo depositional processes. 
Although thiomolybdates (MoO4-nSn

2- ; n = 0-4) are believed to 
play a role in Mo removal, the final sedimentary product 
remains unknown. Some authors1 suggest Mo deposition 
ultimately involves uptake of MoO4-nSn

2- by pyrite surfaces. A 
more recent theory2 holds that Mo removal involves 
precipitation of a distinct Fe-Mo-S solid (e.g., Fe5Mo3S14). This 
view is largely based on the observation that anoxic basins 
frequently display dissolved Mo profiles which decrease 
toward a unique limiting concentration with depth, implying 
saturation with an insoluble phase. Because dissolved Re 
profiles often appear to mimic those of Mo, a Fe-Mo-S solid 
has also been posited3 as a possible vehicle for Re 
sequestration via a co-precipitation mechanism. Given the 
potential involvement of a Fe-Mo-S solid in the burial of two 
paleoredox proxies, research which aims to characterize such 
solids is imperative. This research seeks to begin defining the 
chemistry controlling formation of Fe-Mo-S solids. Buffered 
test solutions initially containing 70 µM Fe2+, 70 µM MoS4

2-, 
and ΣS2- = 20 mM at pH = 8.5 experience near-quantitative 
loss of ΣFe and ΣMo, implying precipitation of an Fe-Mo-S 
phase(s)4. A small portion (~1 µM) of ΣFe and ΣMo is present 
as aqueous Fe-Mo-S complexes similar to those described 
elsewhere4. Ongoing experiments are designed to quantify 
stability constant(s) for the solid(s). 
 
[1] Vorlicek, T.P.; Kahn, M.D.; Kasuya, Y.; Helz, G.R. (2004). 
Geochim. Cosmochim. Acta 68, 547–556 [2] Helz, G.R.; Bura-
Nakić, E.; Mikac N.; Ciglenečki, I. (2011). Chem. Geol. 284, 
323-332 [3] Helz, G.R. and Dolor, M.K. (2012). Chem. Geol. 
304, 131-141 [4] Helz, G.R.; Erickson, B. E.; Vorlicek, T. P. 
(2014). Metallomics, in press, DOI: 10.1039/c3mt00217a 
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The residence time of organic carbon carried by river 
sediments, which is controlled by processes influencing 
storage in soils and temporary intermediate depositional areas, 
affects the efficiency of terrestrial carbon burial in marine 
sediments. The Fraser River basin in southwestern Canada has 
minimal natural or anthropogenic impediments to fluvial 
sediment transport, and therefore we expect sedimentary 
organic carbon export to be maximally efficient. 
Measurements of the radiocarbon content of bulk organic 
carbon in suspended and bank sediments from across the basin 
show remarkably coherent behavior in the dilution of a 
constant proportion of fossil (radiocarbon-dead) organic 
carbon with widely varying amounts of biospheric (relatively 
modern) organic carbon. Based on these measurements, we 
estimate that the average residence time of bulk biospheric 
organic carbon in the basin is approximately 800 years. The 
radiocarbon age of higher plant biomarkers, however, is 
approximately 4000 years. Such a long delay between 
biospheric fixation and transport through the watershed shows 
that storage of terrestrial organic carbon on land is significant 
even in a basin with export-favorable conditions. 

Focusing on a suite of suspended sediments collected 
during freshet and low discharge conditions in 2013, we 
compare the seasonal variability in sediment sources and 
composition. In these sediments, the seasonal contrast in 
organic carbon composition is reflected in the inorganic 
radioisotope composition (87Sr/86Sr) of sediments, which links 
the provenance of organic carbon to that of the sediments 
themselves. During the spring freshet, a significant portion of 
sedimentary material derives from the far headwaters of the 
basin, while during low discharge times, the headwater 
influence is minimal. Together, these organic and inorganic 
tools shed light on the variable influences of different regions 
across the Fraser basin on organic carbon export, and thus 
terrestrial organic carbon burial potential. 
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In the western part of the Central Asian Orogenic Belt 
(CAOB), which is in the North-West of the Kuznetsk Alatau 
(KA), quite small (~ 1–2 km2) differentiated alkaline-basite 
intrusives are localized. They are represented by different-age 
associations of K–Na type middle and strong alkaline 
gabbroids, basic and ultrabasic foidolites, nepheline and 
alkaline syenites, and carbonatites. It is supposed that they 
have mantle nature and could form under the conditions of 
plume-lithosphere interaction on the active margin of the 
Siberian paleocontinent. A few Rb–Sr, Sm–Nd, U–Pb isotopic 
geochronological data indicate possible intrusion to happen at 
the Middle Cambrian–Early Devonian [1].The U–Pb dating of 
zircons that we have made (SHRIMP–II, LA–ICP–MS) in 
alkaline rocks from several petro-type plutons of the KA 
demonstrates that their formation was completing during a 
longer period. The zircons of the most representative 
population have isotopic age ~ 480–490 Ма, which is typical 
for many other manifestations of different formation-type 
magmatism of the Early Paleozoic large igneous province 
CAOB [2]. For zircons with another generation type, another 
age is defined in the range of ~ 385–400 Ма corresponding to 
the Early-Middle Devonian. Some solitary grains of zircons at 
the Late Permian age ~ 265 Ma were found in a sample of 
nepheline syenite from one of the intrusive massifs. Based on 
previous and new isotopic data, it is assumed that there were 
three stages of manifestation of the Paleozoic alkaline-basic 
magmatism in the KA: during the Cambrian-Early Ordovician, 
Early-Middle Devonian, and Late Permian. In this case, its 
development could occur under the conditions of mantle 
activation and permanent impact by both North-Asian and 
Siberian plumes [3]. 

This study was funded by the Russian Ministry of 
Education and Science. 

 
[1] Vrublevsky et al (2004) Doklady Earth Sciences. 398, 990-
994 [2] Vrublevskii et al (2012) Russian Geology and 
Geophysics. 53, 721–735 [3] Kuzmin et al (2010) Earth-
Science Reviews. 102, 29–59 
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We investigated the structure and geochemistry of a newly 
discovered occurrence of ~3480 Ma pyrite in order to shed 
new light on sulfur cycling and potential biological activity on 
the early Earth. The pyrite occurs within a tufted microbial 
mat, one of a suite of microbially induced sedimentary 
structures (MISS) recently reported from the Dresser 
Formation, Pilbara Craton, Western Australia [1].  

Quadruple sulfur isotope data (mean δ34S = +4.4‰; Δ33S = 
+1.5‰; Δ36S = -5.3‰) indicate that the dominant form of 
sulfur incorporated into the pyrite was mass independently 
fractionated (MIF) elemental sulfur (S0). However, significant 
micro-scale heterogeneity of the data within and between 
laminations of the MISS (δ34S = +1.6‰ to +6.7‰; Δ33S = 
+0.4‰ to +2.6‰; Δ36S = -3.1‰ to -8.1‰) and deviation of 
data arrays away from the typical δ34S vs Δ33S and Δ36S/Δ33S 
‘early Archean arrays’ [2] indicates that one or more additional 
pools of sulfur, that were spatially variable at the micro-scale, 
also contributed to the isotopic composition of the pyrite. We 
interpret these data in the context of a polysulfide pyrite 
formation pathway [3]. Here, a significant standing pool of 
MIF-S0 present in organic-rich Dresser sediments was 
mobilized by reaction with small quantities of sulfide, most 
likely derived from reduction of seawater sulfate, to form 
polysulfide precursors to pyrite. 

Raman and FIB-TEM data demonstrate the close 
association of pyrite with indigenous organic material and 
suggest nucleation of pyrite on organic laminations within the 
MISS. A number of spherical and elliptical pyritic objects are 
also seen within the microbial mat. These range in size from 
~1µm to 50µm or more and most have wall-like zones 
comprising nano-grains of pyrite and carbon, plus hollow 
(silica-filled) interiors. The origin and potential biological 
nature of these microstructures will be discussed. 
 
[1] Noffke et al (2013) Astrobiol. 13, 1103-1124. [2] Johnston 
(2011) Earth-Sci. Rev. 106, 161-183. [3] Farquhar et al (2013) 
Proc. Nat. Acad. Sci. USA 110, 17638-17643. 
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The fraction of the Moon made from Earth at the time of 

the moon-forming impact and the amount of impactor it 
contains are major questions concerning the origin of the 
Earth-Moon system. Earth’s mantle and the Moon are 
distinctive in their FeO contents and some trace element ratios 
but identical in their isotopes of O, Si, W, Ti and Cr. The latter 
observation implies that they are made from exactly the same 
material but the former implies the opposite. Here we show 
that the moon can be >90% made from Earth's mantle at the 
time of the giant impact, provided the Earth underwent a small 
amount of post-impact core formation. This produced a Moon 
identical to the Earth’s mantle in both chemical and isotopic 
composition. Post-impact high-pressure core formation 
reduced both the Earth’s mantle FeO content and its Nb/Ta 
ratio from lunar to present-day values without significantly 
altering either body’s isotopic signature. The modeled lunar 
core contains about 10% sulphur which is required to maintain 
the identical Hf/W ratios of both the Earth’s mantle and silicate 
Moon. The Moon may therefore be regarded as a chemical 
model for Earth’s mantle prior to the impact. 
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The refractory calcium-aluminum-rich inclusions (CAIs) in 

primitive chondritic meteorites represent the first solids toform 
in the solar protoplanetary disk [1]. Most of theseinclusions 
contain evidence of live 26Al (half-life ~0.7 Ma) in a near-
canonical abundance (26Al/27Al ~5 Å~ 10-5) [2,3]. Recent 
determinations of well-defined 26Al-26Mg internal isochrones 
for refractory inclusions by high-precision MC-ICPMS and 
MC-SIMS demonstrate that, following their initial formation, 
these first solids were thermally processed in the solar nebula 
over a short time period of <100,000 years [4-10]. The 
presence of live 26Al in near-canonical abundance in CAIs has 
been used to infer injection of freshly synthesized material into 
the solar nebula from a stellar source, most likely a supernova, 
just prior to the formation of these inclusions [2]. 

However, some recent studies suggest that this and 
othershort-lived radionuclides may have been inherited from 
the parent giant molecular cloud that was enriched in these 
radionuclides by previous generations of massive stars [11,12]. 
In either scenario, the Solar System likely originatedin a dense 
stellar nursery. We recently reported the isotope compositions 
of elements spanning a wide mass range (including Sr, Mo, Ba, 
Nd, Sm, Gd and Dy) from a suite of selected CAIs from the 
Allende CV3 carbonaceous chondrite [13,14]. These data 
suggest at least two distinct sources for r-process 
nucleosynthetic signatures in Solar System materials, and 
require supernova material to be mixed into the protoplanetary 
disk shortly following CAI formation. Taken together, the 
isotopic systematics in refractory inclusions indicate that the 
birth environment of the Solar System was an active, high-
mass star-forming region of the galaxy. 
 
[1] MacPherson G. J. (2014) Treatise on Geochem. 2nd Ed., 1, 
139-179. [2] Davis A. M. and McKeegan K. D. (2014)Treatise 
on Geochem. 2nd Ed., 1, 361-395. [3] MacPherson G.J. et al 
(2014) 45th LPSC, #2698. [4] Jacobsen B. et al (2008) EPSL, 
272, 353-364. [5] Bouvier A. and Wadhwa M. (2010)Nature 
Geosci., 3, 637-641. [6] MacPherson G. J. et al 2010) ApJ, 
711, L117-L121. [7] Kita N. T. et al (2012)GCA, 86, 37-51. 
[8] MacPherson G. J. et al (2012) EPSL,331-332, 43-54. [9] 
Kita N. T. et al (2013) MAPS, 48, 1383-1400. [10] Wadhwa 
M. et al (2014) 45th LPSC, #2698. [11]Vasileiadis A. et al 
(2013) ApJL, 769, L8 (6pp). [12] GaidosE. et al (2009) ApJ, 
696, 1854-1863. [13] Brennecka G. A. et al (2013) PNAS, 110, 
17241-17246. [14] Brennecka G. A. et al (2014) 45th LPSC, 
#2280. 
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Molybdenum (Mo) has long been used as a proxy for 

diagnosing anoxic, sulfidic conditions in both modern and 
ancient sediments. Additionally, Mo isotopes have emerged as 
a novel tool for revealing the history of deep ocean 
oxygenation. However, accurate proxy interpretation requires a 
thorough understanding of their biogeochemical cycling, 
including how an element or isotope is delivered to and 
preserved in sediments. 

In oxygenated water, molybdate (MoO4
2-) dominates Mo 

speciation, but in sulfidic water MoO4
2- is transformed to 

highly reactive tetrathiomolybdate (MoS4
2-) via intermediates 

(MoOxS4-x
2-). Observed correlations between sedimentary Mo 

enrichments and organic carbon content suggest an association 
of Mo with organic matter, but the geochemical mechanistic 
pathways remain unclear. 

In this study we explore Mo-dissolved organic matter 
(DOM) interactions via an experimental approach using small 
organic molecules that mimic functional groups present in 
DOM, with the objective of identifying functional groups 
reactive toward MoO4

2- and MoS4
2-. Although the molybdate 

ion is typically unreactive under normal environmental 
conditions, the bisphenol catechol forms a complex with 
molybdate. These results imply that Mo-DOM complexes 
incorporating naturally-occurring polyphenol ligands 
potentially exist in oxygenated freshwater and terrestrial 
systems. 

Likewise, preliminary data suggest that MoS4
2- also may 

react with catechol, and that Mo-DOM complexes may be 
present in anoxic sediments. Molybdenum-DOM interactions 
are therefore likely to affect Mo isotopic fractionation during 
transport to and burial in marine sediments. Furthermore, Mo-
DOM complexes are currently unaccounted for in models of 
Mo geochemical cycling, and could help to explain geographic 
variation in Mo isotopic values of riverine input to the ocean. 
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The tendency for zero-valent silver to react violently with 
hydrogen peroxide has been recognised for some time with 
recent studies providing some insight into the reactions 
involved in this Ag-mediated catalytic H2O2 degradation 
process (He et al., 2011, 2012). The reaction of H2O2 with 
redox active metals such as iron and copper is recognised to 
result in the production of powerful oxidants such as hydroxyl 
radicals and Fe(IV) (or Cu(III)) species and similar oxidants 
might be expected to be produced by reaction of Ag with H2O2. 
We show here that hydroxyl radicals are indeed produced by 
reaction of silver nanoparticles (AgNP) with H2O2 and present 
a kinetic model which describes the results obtained. The 
likely significance of AgNP-induced hydroxyl radical 
production to the recognised toxicity of AgNP is discussed. 

He, D., Jones, A.M., Garg, S., Pham, A.N. and Waite, T.D. 
(2011). Silver nanoparticle - reactive oxygen species 
interactions: Application of an electron charging-discharging 
model. Journal of Physical Chemistry C 115(13), 5461–5468. 

He, D., Garg, S. and Waite, T.D. (2012). H2O2-mediated 
oxidation of zero-valent silver and resultant interactions 
between silver nanoparticles, silver ions and reactive oxygen 
species. Langmuir 28, 10266−10275. 
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Many studies characterize the Franciscan complex as a 

mega mélange, implying that internal details follow a random 
or chaotic nature that renders detailed field assessment 
comparatively unimportant. Field studies show a far from 
random structure. The Franciscan comprises a stack of thrust 
nappes, accreted sporadically over a time span of over 100 
million years, and each nappe commonly has both coherent 
and mélange components. Out-of-sequence low-angle faults 
locally reorder the nappe stack, and the stack is folded by 
regional-scale overturned to open upright folds with 
subhorizontal fold axes. Erosion of these structures gives the 
characteristic elongate map pattern to Franciscan rock units. 
Post-subduction strike-slip faulting, related folding, and dip-
slip faulting overprints earlier structures. Horizons between 
accreted thrust nappes represent paleo megathrust locations, 
and should collectively accommodate ~10000 km of 
subduction. This slip appears to be accommodated primarily in 
narrow (tens of meters) wide zones between mélanges and 
coherent units, rather than by mélanges themselves. Most 
mélanges with exotic blocks, including blocks of higher 
metamorphic grade than the matrix, have sedimentary origins 
as shown by gradational contacts between little deformed 
sedimentary conglomerate and breccia with exotic 
blocks/clasts, and more deformed equivalents that appear to be 
typical “tectonic” mélanges.  HP (high-pressure) metamorphic 
exotic blocks were thus emplaced into lower grade matrix by 
submarine sedimentary sliding rather than being tectonic 
mixing in a subduction channel. Both mélanges and coherent 
clastic sedimentary records have abundant recycled Franciscan 
detritus, including HP clasts/blocks. Tectonically-generated 
mélanges lack exotic blocks, and appear to have formed by 
progressively greater deformation from coherent rocks, 
including ocean plate stratigraphy (basalt-chert-sandstone). 
Metamorphic and deformation events are discrete within units 
accreted at different times. The oldest HP metamorphic rocks 
were metamorphosed at least 80 million years before the 
protoliths of some of the younger HP rocks formed. A similar 
history should apply to deformational episodes within a given 
accreted nappe. 
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Recent and ongoing geochemical studies in the Franciscan 

subduction complex, California give insight into physical and 
geochemical processes along convergent plate boundaries.  
High-grade (thrust sheets and block-in-mélange) metabasites 
were metamorphosed by partial subduction during Franciscan 
subduction initiation, analogous to subophiolitic metamorphic 
soles. Trace element and isotopic data from these rocks show 
that their protoliths formed in a supra-subduction zone (SSZ) 
environment, similar to that of the structurally overlying Coast 
Range ophiolite [1,2]. This indicates that the high-grade rock 
protoliths and Coast Range ophiolite formed over a pre-
Franciscan subduction zone. Key geochemical signatures in 
subduction complex metabasites of a variety of metamorphic 
grades show no correspondence with metamorphic grade, 
indicating that the protolith signature of the  high-grade rocks 
is not an artifact of element exchange during subduction zone 
metamorphism [3]. Our data show no evidence of chemical 
exchange between metabasites and co-subducted pelagic or 
clastic (“continental”) sediments [1-4]. Trace element data 
reveals some graywackes with minimal continental signature 
and some with more significant continental components, 
without a systematic correspondence with depositional age, or 
detrital zircon age populations [4]. Systematic provenance 
signal bias appears to reflect chemical weathering at the 
source. 
  
[1] Saha, Basu, Wakabayashi and Wortman (2005) GSA Bull. 
117, 1318-1335. [2]Wakabayashi, Ghatak, and Basu (2010) 
GSA Bull. 122, 1548-1568. [3] Ghatak, Basu, and 
Wakabayashi (2012) Int. Geol. Rev. 54, 654-685. [4] Ghatak, 
Basu, and Wakabayashi (2013) Tectonics 32, doi: 
10.1002/tect.20078 
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Speleothems are widely used as a proxy for decadal and 
multicentannial climate variability. Interpretations of seasonal 
climate patterns from terrestrial climate archives are rare, and 
stalagmites are able to provide this information through 
analysis of variability in seasonal growth fabrics that record 
seasonal distribution of rainfall [1]. Non-destructive CT 
scanning is used here to reconstruct calcite density [2] from an 
unsectioned stalagmite, and we use this as a palaeoclimate 
novel proxy. 

Here, we present a high-resolution, accurately-dated early- 
to mid-Holocene palaeoclimate record from Refugio Cave in 
southern Spain, constructed using stalagmite density 
variations. The reconstruction and the chronology benefit from 
tracking the growth axis in three dimensions, allowing 
increased confidence in the interpretations.  

Early Holocene is characterised by relatively denser calcite 
and slower growth rates that suggests warming trend and 
evenly distributed rainfall throughout the year. The onset of 
Mediterranean climate was preceded by aridification event 
observed as stalagmite growth hiatus between 8.2 and 7 ka BP 
that coevals with the maximum northward location of 
Intertropical Convergence Zone during the Holocene [3], that 
moved strenghtened North Atlantic Subtropical High further to 
the north resulting in the weakening of the westerlies. High 
stalagmite growth rates and relatively low calcite density from 
6.2 ka BP until 4.3 ka BP, when stalagmites growth ceases, 
suggest that winter precipitation dominated annual  totals, and 
that the transition to a Mediterranean climate occurred at this 
time.  
 
[1] Boch et al (2011) Sedimentology 58, 508-531, [2] Mickler 
et al (2004) Journal of Cave and Karst Studies 66, 3-8, [3] 
Haug et al (2001) Science 293, 1304-1308. 
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The Palawan Continenetal Terrane (PCT) is a fragment of 

the margin of SE China, drifted south as a result of the 
Cenozoic opening of the South China Sea. The SE margin of 
South China has been considered to have been passive margin 
in pre-Jurassic time [1] due to a lack of subduction related 
magmatism at that time. However, the evidence for subduction 
along south-eastern China might be found within the PCT in 
variuos islands, e.g., in Mindoro and Panay Islands in Central 
Philippines.  

Detrital zircons separated from sandstone from northwest 
Panay, which is part of the PCT [2], were analyzed for their U-
Pb age. In this sample about 80% of the grains fall into the age 
range of 235-282 Ma, which is exactly the same age range 
observed for detrital zircons in modern sediments draining the 
NE part of the Mindoro Metamorphics in Mindoro [3]. This 
would suggest that both, the Mindoro Metamorphics and the 
oceanic plate, upon which the Saboncogon Formation was 
deposited, were situated close to the Asian margin in SE 
China. Likewise, a period of igneous activity extending from 
mid-Permian time to the Early Triassic, that is probably related 
to an active arc was documented on Mindoro Island [3] and 
might be linked to similar activity documented on Hainan 
Island.  

 
[1] Metcalfe et al (1996) Australian Journal of Earth Sciences 
43, 605-623. [2] Walia et al (2013) Tectonophysics 582, 205-
220. [3] Knittel et al (2010) Tectonophysics 493, 113-117. 
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Earth and the other terrestrial bodies were constructed 
from compositionally and likely genetically diverse materials. 
Final stages of planetary accretion may have been especially 
instrumental with respect to the addition of volatiles, such as 
water and organics, so it is important to characterize, and 
possibly constrain the origin(s) of these final building blocks. 
The highly siderophile elements (HSE) are particularly 
valuable for assessing the chemical and isotopic fingerprints 
imparted by late stages of planetary accretion. This stems from 
their likely very low abundances in mantles following core 
formation, yet high abundances in potential late-stage 
impactors. Estimates for HSE abundances and 187Os/188Os for 
Earth’s primitive mantle (PM) converge on a composition 
characterized by slightly supra-chondritic Ru/Ir, Pd/Ir, and 
187Os/188Os at the upper end of the range defined by chondrites. 
The Earth’s mantle is also characterized by a distinctive Ru 
isotopic composition, compared to most chondrites, and is 
representative of what may be an unusual nucleosynthetic mix. 
The HSE in the dominant material involved in late accretion to 
Earth does not well match known chondritic groups, however, 
the HSE in the PM are most similar to enstatite chondrites. 
This may indicate that late accreted materials were relatively 
volatile-free. The putative ca. 3.9 Ga late heavy bombardment 
(LHB) occurred long after late accretion to Earth largely 
terminated, yet the dominant HSE signature present in Apollo 
17 impact melt rocks, presumably injected by the LHB, has a 
similar composition to the PM. This may indicate longevity for 
the category of impactor controlling the HSE budgets of the 
terrestrial mantle and the lunar crust.  
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Reference materials are essential for precise and accurate 

U-Pb zircon geochronology. For a natural reference material, 
there must be a well-established method to first determine the 
true value. In the case of U-Pb geochronology, chemical 
abrasion isotope dilution thermal ionization mass spectrometry 
(CA-ID-TIMS) is the “gold standard” for U-Pb dating. The 
growing use of in-situ techniques, especially U-Pb zircon 
dating by laser ablation ICP-MS, requires the development of 
natural reference materials for matrix-matched age calibration, 
age normalization, and quality control. Although there are a 
number of zircon standards available for U-Pb LA-ICP-MS 
(e.g., Plesovice, 91500, Temora, FC-1), there are as yet no 
widely available Archean zircon standards. This lack of an 
adequate standard becomes important when assessing 
downhole U-Pb fractionation during LA-ICP-MS analyses and 
when applying a correction for Archean zircon grains of 
unknown age. Zircon is relatively abundant in a sample of 
anorthosite (ANII, Middle Banded Zone) in the Stillwater 
Complex, a Neoarchean mafic-ultramafic layered intrusion in 
Montana (USA). We present new U-Pb isotopic results for 
ANII zircon and propose that it is a candidate as a reference 
material for U-Pb LA-ICP-MS dating of Archean zircon. 

Zircon grains were inspected by both backscattered 
electron (BSE) and cathodoluminescence (CL) imagery. 
Zoning patterns, when present, are simple igneous sector 
zoning and there is no evidence for inheritance. The 
chemically abraded grains (n=9) were slightly pink, crack-free, 
inclusion-free, and ~250 microns in the longest dimension. All 
nine analyses yielded equivalent U-Pb and Pb-Pb dates (<0.1% 
discordance), clustering near the concordia curve. The 
weighted mean 207Pb/206Pb age of 2710.44 ± 0.32/0.32/2.35 Ma 
(analytical/+tracer/+decay constant errors, MSWD = 0.12) is 
indistinguishable from the concordia age of 2710.0 ± 2.4 Ma 
(MSWD = 0.02, decay constant errors included). All zircon 
grains analysed by LA-ICP-MS were large (>300 microns), 
clear, colourless to light pink, and inclusion/crack-free to avoid 
possible Pb-loss zones. Of the 65 laser spots, 58 yielded U-Pb 
dates that are concordant with a weighted 207Pb/206Pb age of 
2713 ± 11 Ma (MSWD = 0.27) and a concordia age of 2710.3 
± 5.0 Ma (MSWD = 0.10, decay constant errors included). 
Despite the lower precision of the laser ablation-ICP-MS dates 
compared to those by ID-TIMS, these results demonstrate age 
homogeneity on the scale of tens of microns both for 
individual grains and for a multi-grain sub-sample. The lack of 
any significant Pb-loss can be attributed to the consistently 
moderate U concentrations (~300 ppm on average) resulting in 
only minor crystal lattice damage since crystallization.  
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Rare earth elements (REE) have been favourites of 
geochemists and mineralogists for many years. Their 
fractionation in trace quantities has helped decipher many 
geological processes. REE minerals with complex 
compositions still challenge the best analysts. But the names of 
the REE reached even senior industrialists and politicians 
around the World when in 2010, China reduced its export 
quota of REE and put them at the top of the critical metals 
lists. REE are used, albeit often in small quantites, in just about 
all digital and low energy technologies.  

Critical metals are economically important, difficult to 
substitute in many uses, and potentially at high risk of supply 
disruption [1]. REE fit the definition perfectly because in 2010, 
97% were sourced from just one country, China. By 2014, 
mines at Mountain Pass, USA, and Mount Weld, Australia 
have opened and the figure has reduced to 86% [2] but still the 
Chinese dominance holds.  

  Perhaps geochemists are pleased when their favourite 
element is given the glamourous designation of ‘critical’. The 
crtical metals agenda has been helpful in stimulating a wider 
renaissance in mineral deposits research. However,  no one in 
industry wants to rely on materials with uncertain supply. 
Substitution and vertical integration from mine to 
manufacturer are both being tried but what is really needed is 
diversity of supply to take REE off the critical list. 

So where will the diversity come from? There is plenty of 
choice. Carbonatite related deposits are the main source of 
light REE (La-Nd), large alkaline rock complexes have higher 
proportions of the more sought after heavy REE (Sm-Lu), and 
the race is certainly ‘on’ to find an economic source of easily 
leachable REE to match the ion adsoprtion clays in southern 
China that supply almost all of the World’s heavy REE at the 
moment. There are also various opportunities for by-products, 
e.g. from apatite or bauxite deposits. All the possibilities  have 
varying economic and environmental characteristics. 

What can geological scientists do to help? It is not just 
exploration geology that is important. The real sticking point in 
many projects is the metallurgy; getting the minerals out of the 
rock, and the REE out of the minerals and separated from each 
other. Geometalluirgy is a buzzword for critical metals. 
 
[1] Gunn, G, editor 2014 Critical Metals Handbook, Wiley, 
439 pp. [2] U.S. Geological Survey, 2013, Mineral commodity 
summaries 2013, U.S. Geological Survey, 198 pp.  
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Interest in the molecular scale processes underlying the 

onset of mineral formation is on the rise due to the detection of 
nanoscale ion aggregates in concentrated aqueous solutions. As 
the archetypal system for “pre-nucleation” clusters, the early 
stages of calcium carbonate have been intensely scrutinized 
from both theoretical and experimental perspectives. The 
definition of a pre-nucleation cluster, initially described as 
being relatively constrained in size and thermodynamically 
stable with respect to both dissolution and growth [1], is 
currently evolving and is now identified with a rather broad 
distribution of aqueous species whose continued growth is 
restricted by diffusion limitation [2]. This reinterpretation is 
due in part to the results of molecular dynamics simulations 
that suggest an exponentially decaying cluster size distribution 
rather than monodisperse cluster species [3]. The simulated 
size distribution is also consistent with the results of cryo-TEM 
[4] and the predictions of classical nucleation theory (CNT).  

This work [5] uses atomistic and coarse-grained simulation 
techniques to explore the formation of clusters from 
supersaturated solutions. The results of molecular dynamics 
simulations indicate the accessibility of a metastable liquid-
liquid binodal/spinodal. Coalescence and partial dehydration of 
the dense liquid droplets results in the formation of a solid 
phase whose structure is consistent with amorphous calcium 
carbonate. Coarse-grained simulations of fluid-fluid separation 
in the spinodal regime produce cluster size distributions that 
are qualitatively similar to those produced from molecular 
dynamics simulations of spontaneous phase separation in the 
CaCO3 system [3]. The presence of a dense liquid phase of 
CaCO3 is also supported by recent experimental efforts [6], 
which suggest an entropy driven phase transition may precede 
solid CaCO3 formation under certain conditions.  
 
[1] Gebauer et al (2008) Science 322 1819-1822. [2] (2012) 
Faraday Discuss. 155, 139-180. [3] Demichelis et al (2011) 
Nat. Commun. 2, 590. [4] Pouget et al (2009) Science 323 
1455-1458. [5] Wallace et al (2013) Science 341 885-889. [6] 
Bewernitz et al (2012) Faraday Discuss. 159 291-312. 
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Sulfur and Oxygen Fugacity in 
Basaltic Arc Magmas 

PAUL J. WALLACE1 
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OR 97403 pwallace@uoregon.edu 
 

Subduction zones are important in the formation of 
continental crust and ore deposits. There is a debate as to 
whether the more oxidized nature of arc magmas compared to 
MORB is caused by slab recycling processes or is related to 
differentiation and chemical interaction with the crust [1,2]. 
Additional insight into this debate comes from the S contents 
of primitive arc magmas as recorded by melt inclusions in Mg-
rich olivine because S solubility is strongly dependent on fO2. 
A database of primitive arc magma compositions, including 
volatiles, representing 100 volcanoes from 18 subduction 
segments spanning the global range in slab thermal structure 
was compiled by Ruscitto et al. [3] using published melt 
inclusion data. The melt inclusions are mostly in Fo80-90 
olivines, and primitive melt compositions were calculated by 
correcting for fractionation. The data for volatiles are based on 
the least degassed melt inclusions from each volcano, so 
effects due to degassing should be minimized. The S contents 
of primitive melts from individual arcs can be quite variable, 
with the low end of the range coinciding with the S contents of 
MORB. For the global dataset, S correlates with Cl and Ba, 
both of which are fluid mobile during slab dehydration. 

The higher S contents of many primitive arc melts relative 
to MORB require higher oxygen fugacities. In some cases the 
high S occurs in melt inclusions in Fo88-90 olivines, so the 
high S and therefore high oxygen fugacity must either be a 
characteristic of mantle-derived magmas or be acquired during 
the very earliest stages of crustal differentiation. If the latter is 
correct, then crustal interaction must cause an increase in 
magma S content as well as oxygen fugacity. Using models for 
S solubility [4,5] it is possible to estimate a minimum fO2 for 
each volcano based on the S content of melt inclusions. The 
results indicate fO2 values of about FMQ to FMQ+1.4.  
Interestingly, the S contents and estimated fO2 values do not 
show a relationship to slab thermal structure, as the most 
MORB-like values occur in the Cascades, Tonga and the 
Marianas, which are at opposite ends of the global range for 
likely slab temperatures. Many of the inferred fO2 values are 
within the range for arc magmas deduced from Cu systematics 
[1], but many are also at or above the upper limit suggested in 
that study.  
 
[1] Lee et al Science, 2012 [2] Kelley & Cottrell, 2012, EPSL 
[3] Ruscitto et al G-cubed, 2012 [4] Jugo et al GCA, 2010 [5] 
Moretti & Baker, RIMG vol. 73, 2011. 
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Slab dehydration reactions in subduction zones fractionate 
H and B isotopes. As a result, values of these ratios in magmas 
can be used to investigate dehydration processes beneath arcs. 
Here, we present volatile, trace element, δD and δ11B analyses 
of olivine-hosted (Fo 84-90) melt inclusions from 6 cinder 
cones (calc-alkaline and calc-alkaline transitional basalts) in 
the Lassen region of the Cascades, an arc with an unusually hot 
subducted plate.  

Initial δD values, corrected for post-entrapment H loss, 
range from -61 to -92‰.  These values are isotopically lighter 
than those of melt inclusions from the Marianas (-55 to -
12‰)[1], suggesting a more dehydrated subducted plate 
source. Using temperatures predicted for the subducted plate 
from geodynamic models, we modeled the δD values of fluids 
released from the plate as a function of depth. The model 
predicts that waning dehydration of the last 5-15% of bound 
H2O within the slab interior occurs beneath the arc, and the 
predicted δD values closely match those of the melt inclusions. 
Because the upper, completely dehydrated portions of the plate 
are likely at or above the MORB + H2O and sediment + H2O 
solidi (based on geochemical and geodynamic models), 
dehydration of the deeper parts of the slab should cause partial 
melting of the slab top. Our results are consistent with 
published evidence [2] for a slab component with MORB-like 
isotopic composition.  

The δ11B values from the Lassen region (-9.8 to -2.6‰) 
overlap with values from the southern Washington Cascades (-
9 to -0.4‰) [3]. These values are isotopically lighter than other 
arcs (e.g., Marianas (+2.8 to 5.7‰)) [4] and similar to MORB. 
Waning dehydration of the lower parts of the slab provides a 
small flux of isotopically light B, contributing little to the δ11B 
signature of the magmas, which appear to be dominated by 
mantle-derived B. These results are consistent with those from 
δD and highlight extensive dehydration of the slab and the 
possibility of partial melting of the slab top beneath the 
Cascades. 
 
[1] Shaw (2008) EPSL 275, 138-145.[2] Borg (1997) Can. 
Min. 35, 425-452. [3] Leeman (2004), Chem.Geol. 212, 101-
124. [4] Ishikawa & Tera (1999) Geology 27, 23-26. 
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Gold ± ullmannite veins (mm to cm thick) from the Wattle 
Dam deposit, eastern Yilgarn, Western Australia occur in 
actinolite - biotite - calcite altered komatiites. There are no 
macro- alteration assemblages adjacent to the gold veins that 
appear undeformed both at the macro-scale and from detailed 
micro-structural EBSD studies. Micro-selvage assemblages 
(<300 µm thick) to the gold veins of (1) aegirine-riebeckite 
and (2) chloro-sodicgedrite±talc± anthophyllite were revealed 
by synchrotron x-ray fluorescence microprobe (XFM) and  
SEM-EDX mapping. The distribution of sodicgedrite, using Sr 
as a proxy, revealed a micro-stockwork across gold bearing 
samples. Traces of barite, vlasovite, zircon and allanite-(Ce) 
were identified along sodicgedrite±anthrophyllite filled 
fractures in actinolite. Subtle mineralogy and mineral chemical 
changes suggest significant chemical gradients adjacent to the 
gold veins at the time of gold depoistion. Selvages to Au veins 
show an internal zoning from sodicgedrite±anthrophyllite±talc 
on gold margins to aegirine ± riebeckite on contacts with 
actinolite. A sharp decrease in the Cl content of sodicgedrite 
(4890 to 360 ppm) occurs in the transition from micro-selvages 
of major gold veins (3 to 10mm thick) through to selvages of 
minor veins (<100 µm ) that branch from major veins. Within 
3mm of major veins bladed ilmenite is replaced by rutile on 
the margins of thin gold veins (<100 µm). More distant from 
major veins ilmenite is stable where cut by thin gold veins. 
Vlasovite with zircon cores occurs with sodicgedite close to 
major veins. Elsewhere zoned xenocrystic zircon grains have 
recrystallized along fractures with gold. Thermodynamic 
calculations at 400 °C and 2kb show the micro-selvage 
assemblages represent a unique micro-chemical environment 
associated with Au transport and deposition. The fluids were 
alkaline (pH ~ 8 - 9) with high Na, Mg and Cl activity relative 
to near-neutral ambient fluids with higher Ca, Fe and CO2 
activity and lower pH (4-6). The absence of a significant 
alteration selvage with the gold veins is consistent with fluids 
of low aH2O. Alkaline conditions mobilzed Zr and vlasovite 
was stable relative to zircon. 
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The Zeiss Helium Ion Microscope (HIM) offers 

unprecident capabilities for the imaging both inorganic and 
organic geological samples. The HIM functions similar to FE-
SEM, using a focused beam of He+ ions that produce high 
contrast secondary electron emission orginating mostly from 
the surface interactions. Spherical and chromatic aberrations of 
the ion optical column are insignificant and the spot size of the 
scanned beam is not limited by diffraction aberration. The net 
effect is that HIM can provide many advantages over all modes 
of SEM.  These include 
• Higher resolution.  Features as small as 0.35 nm can be 

resolved.  Imaging is restricted to the surface, eliminating 
ghosting from sub-surface features. 

• Higher depth of field.  Estimated 5X greater than FE-SEM.  
Ultra-high ressoluton can be obtained without the need of 
smooth surfaces eliminating the need for microtoming or 
ion milling. 

• Charge neutralization is achieved using a electron gun, 
eliminating the need for conductive surface coatings that 
can obscure fine structures and produce artifacts. 

• Material contrast differs from electron interaction, allowing 
for features to be images that are difficult to be ssen in 
SEM. 

We have applied HIM to a variety of geologic samples 
including organic-rich source rocks and sandstone and 
carbonate reservoir rocks. In shales, we have imaged the 
development and preservation of porosity in organic matter 
and were able to characterize the manner in which gas is stored 
and trasnported. We have also applied HIM to bacteria 
recovered from the deep subsurface and to microbially induced 
corrosion of steel. In all cases, HIM proved to be superior to 
SEM.   
 

HIM of highly porous organic matter in a gas shale. 
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The dynamics of carbon in the vadose zone, the interface 
between land surface and groundwater, are poorly understood 
yet important for predicting C cycling and responses to climate 
change. As a component within the LBNL Science Focus Area 
2.0, this effort is designed to determine concentrations and 
speciation of C in vadose zone pore waters, how these 
characteristics differ from overlying soil and the underlying 
groundwater, and how transport and transformation rates for C 
in the vadose zone respond to changes in climate, vegetation, 
and microbial communities. Our initial investigations are at the 
Rifle Site along the Colorado River. Within this floodplain, 
boreholes were drilled (down to 7 m depth) at three sites for 
sediment sampling, and instrumented with pore water and gas 
samplers at 0.5 to 1 m intervals in the vadose zone and aquifer, 
and with thermistors at generally wider intervals. Vadose zone 
pore waters, groundwaters, and vadose zone gas samples have 
now been collected periodically for ~1 year. Analyses include 
DOC, DIC, major and trace elements, and δ13C of the DOC 
and CO2 gas samples. Different collection methods and 
analyses are enabling seasonally and vertically resolved 
geochemical profiles of the vadose zone pore-waters. We 
found that DOC concentrations are many times higher in the 
vadose zone than in groundwater, and vary seasonally in the 
vadose zone and capillary fringe, but the groundwater. The 
decreased aromaticity of DOC in the pore waters with greater 
depth, the identified DOC speciations, and δ13C isotope data all 
suggest complex biogeochemical transformations during 
transport through dynamic vadose zone gradients of moisture 
and temperature. Quantitative understanding of C, O, N, and 
potentially microorganisms cyclically transported from the 
vadose zone into groundwater are important for understanding 
the system response to climate and hydrologic changes, and the 
Rifle site studies will provide key data that will help us unravel 
those responses. 
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Extracting Climatic Seasonality from 
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It is widely recognized that information, such as the range 
and variation in seasonal seawater temperature, from the 
marine environment is highly important in climate and 
ecological studies. Yet substantial challenges exist that hinder 
the development of robust, spatially and temporally diverse 
records of past seasonality. Several major problems commonly 
associated with using biological proxies for seasonality studies 
(attenuation of the seasonal cycle as a function of age, 
temporal gaps, spatial biases, and sampling protocols) are 
outlined and discussed. Possible solutions and potential future 
research directions are outlined. 
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The Permian mafic magmatic rocks, such as diabase and 

basalt, in southwest of Yangtze massif are concentrated in the 
Bama region of western Guangxi, economically significant 
gold mineralizations are genetically associated with these 
mafic rocks. However, the origin of these mafic magmatism 
and associated gold deposit tectonic background are still 
unclear.  Here, we firstly present the comprehensive major 
element, trace element  and Sr-Nd isotopic data of ore-bearing 
and barren mafic rocks, the geochemical characteristics of the 
bulk of mafic rocks showed a relative high TiO2 (2.74-4.61%), 
low SiO2 (45.2-49.3%), which are similar to ocean island basalt 
(OIB) signatures. Their trace element concentration patterns 
enriched in REE and highly incompatible elements, Nb and Ta, 
which was akin to those of the Emeishan flood basalts (Figure 
1), are considered to be the products of magma activity from 
mantle plume. Owing to the Bama located in the outer zone of 
Emeishan flood-basalt province, we suggest the Bama gold 
deposit tectonic background and related magmatism were 
probably associated with Emeishan mantle plume. 

 

 
 
Figure 1. Primitive mantle-normalized incompatible element 
concentrations of Bama mafic rocks. 
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The Permian mafic rocks (e.g. diabase and basalt) are 

concentrated in the Shijia of western Guangxi,  economically 
significant gold mineralizations are genetically associated with 
these mafic rocks. However, the causes of magmatism and 
related gold deposit background are controversial. Here, we 
firstly present the comprehensive major element, trace element 
data of ore-bearing and barren mafic rocks, the geochemical 
characteristics of the bulk of mafic rocks showed a relative 
high TiO2, which are similar to ocean island basalt (OIB) and 
Emeishan high Ti basalts. Their trace element concentration 
patterns enriched in REE, Nb and Ta, which was akin to those 
of the Emeishan flood basalts (Figure 1). On the Th/Yb and 
Ta/Yb trace element ratios co-variation diagram, Shijia mafic 
rocks plot in  the OIB mantle array, indicate the mantle plume 
source contribution. Combine the Shijia region located in the 
outer zone of Emeishan flood-basalt province, we suggest the 
Shijiao gold-bearing mafic rocks were probably a product of 
mantle plume magmatism. 

 

 
Figure 1. Primitive mantle-normalized incompatible element 
concentrations of Shijia mafic rocks. 
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Seasonal temperature variation has the potential to 

dramatically affect the growth patterns and population 
structures of growing cephalopods. In particular, temperature 
significantly impacts the size that cephalopods can attain 
during the exponential growth phase. Elemental and stable 
isotopic ratios in marine calcium carbonate are commonly used 
as proxies for reconstructing animal’s life history and also for 
past climate changes. However, validation experiments on 
temperature effect on microchemistry of cuttlefish 
endoskeleton, such as cuttlebone are still lacking. Present study 
design a controlled experiment by rearing hatchling cuttlefish 
of Sepia pharaonis at three different temperatures (20, 25, 30 
oC) for one month, and analyzing stable isotopic ratio and trace 
element concentration in rearing water and cuttlebones, in 
order to find a suitable temperature proxy. Results showed that 
Li/Ca, Mg/Ca and δ13C was negatively related were negatively 
linear related to temperature in cuttlebone. The combination of 
spatially resolved microchemical analysis and growth 
increment interpretation could be used to reconstruct life 
histories from wild cephalopod population in future. 
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The North China Craton (NCC) is one of the representative 

research regions for revealing the biological and marine 
environmental co-evolution during the early-middle 
Mesoproterozoic (1.7–1.3Ga) [1]. The secular variations in C-
isotope of carbonates of the Jixian Section on the NCC have 
been reported [2]. Here, we report the results of a 
comprehensive C-isotopic study of carbonates and organic 
matters, based on high-resolution sampling from 6 sections and 
5 drill cores (JQ1, 2, 3, 4, and XQ1) in the north region of the 
NCC, with emphasis on the four organic-rich sedimentary 
sequences of deepwater facies. 

The Mesoproterozoic sedimentary successions on the NCC 
record a suit of negative δ13Ccarb values varying from -2.6‰ 
(Thuanshanzi Fm) to -2.3‰ (Gaoyuzhuang Fm), -1.4‰ 
(Wumishan Fm), -2.9‰ (Hongshuizhuang Fm), -1.5‰ 
(Tieling Fm), and to -1.5‰ (Xiamaling Fm) in average. This 
secular trend is more negative than the uniform δ13Ccarb value 
(around 0.0‰) of the Mesoproterozoic sedimentary 
successions worldwide [3]. It may suggest that the primary 
production and organic carbon burial in the NCC were lower 
than other regions in the world during the Mesoproterozoic. 
The organic-rich sediments from Chuanlinggou, Gaoyuzhuang, 
Hongshuizhuang and Xiamaling Fm uniformly present the 
negative δ13Corg values of -34.4‰, -34.1‰, -32.8‰ and -
33.9‰ in average, respectively. The negative δ13Corg values, 
being consistent with the biomarker evidence [1], suggest that 
anoxygenic or micro-oxygenic prokaryotic microbial mats may 
have predominantly contributed to organic carbon burial. The 
δ13Ccarb–δ13Corg coupling analysis shows that no large DOC 
reservoir occurred during the Mesoproterozoic (1.7–1.3 Ga). 

 
[1] Wang et al (2012) Mineral Mag 76, 2510. [2] Chu et al 
(2007) GCA 71, 4668–4692. [3] Frank et al (2003) Geol Mag 
140, 397–420.  
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Wells in the Potato Hills region of the Ouachita 

Mountains, southeastern Oklahoma, produce dry natural gas 
from fractured sandstone units of the Pennsylvanian-age 
Jackfork Group. Previous carbon- and hydrogen-isotope 
measurements of the C1–C4 hydrocarbons of these gases 
revealed that methane is enriched in 13C and D relative to the 
C2+ components [1]. This pattern of “isotopic reversal” is 
commonly-associated with high-maturity gases produced from 
unconventional deep-basin and shale reservoirs (e.g., [2–3]), 
and suggests that gases produced in the Potato Hills may have 
a deep source. However, because of the structural complexity 
of this region, identifying potential source rocks and migration 
pathways has been difficult.   

Here, we report additional constraints from preliminary 
analyses of the 13CH3D (methane “clumped” isotopologue) 
composition in natural gas sampled from wells in the Potato 
Hills field.  The measured isotopic signatures are similar across 
five different wells, suggesting both a common source for the 
methane in these gas samples, and preservation of the C-H 
bond across this reservoir system. 

Based on initial temperature calibrations of the methane 
clumped isotope system, our measurements suggest an 
apparent 13C–D isotopic temperature of ~150 ± 30 °C for 
methane from the Potato Hills field. We will interpret these 
results in the context of the regional geology and highlight 
potential implications for natural gas exploration in the 
Ouachita overthrust belt and beyond. Possible influences of 
non-equlibrium effects on the clumped-isotopic composition 
will also be discussed. 

 
[1] Seewald & Whelan (2005) AAPG Search & Discovery 
Abstract #90043; [2] Burruss & Laughrey (2010) Org. 
Geochem. 41, 1285–1296; [3] Tilley et al (2011) AAPG Bull. 
95, 1399–1422. 
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Amorphous Calcium Phosphates (ACP) have long been 
thought as possible precursors to bone apatite. But only 
recently was ACP definitively found in mineralizing tissues by 
X-ray scattering experiments. Subsequently, electron 
microscopy studies of mammalian cells in tissues and culture 
have found ACP occurring as dense intracellular calcium 
phosphate containing granules. Analysis of these granules 
demonstrated a surprisingly low Ca/P ratio of 0.75, whereas 
synthetic ACP is known to have a Ca/P ratio of 1.5; leading to 
questions about nature of the ACP phase found in cells. 
Though, less recognized, studies of ACP have reported a range 
of Ca/P ratios (1.0-1.5) in synthetic ACP. These observations 
suggest unprotonated phosphates can be replaced by acidic 
phosphates particularly at lower pH found under physiological 
conditions. Early structural characterization by laboratory 
based X-ray scattering and synchrotron EXAFS reported that 
no structural variations occurred as a function of Ca/P ratio, 
leading to claims that the measurable structure is invariant 
even with large compositional changes. Here we present our 
work using X-ray total scattering/Pair Distribution Function 
analysis (PDF) of a large number of ACP samples with 
continuous range of Ca/P ratios between 1.0 and 1.5 obtained 
at APS beamline 11-ID-B. From these data we can confidently 
describe the changes in ACP structure as a function of Ca/P 
ratio.  
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Marine sediments contain large number and versatile 

groups of archaeal lineages such as Marine benthic group B 
(MBG-B), MBG-D, Miscellaneous Crenarchaeota Group 
(MCG, recently proposed as a novel archaeal phylum named as 
‘Bathyarchaeota’). As majority of these archaea are still 
uncultivated in laboratory and have no closely related cultures, 
it is becoming a big challenge to link the microbial diversity 
with the physiology, functioning and biogeochemical roles of 
these microorganisms. Here I report our recent efforts using 
combined approaches including utilization of new molecular 
techniques such as single cell separation and sequencing, 
isotope analysis of single cells, and next generation  
“omics” approaches (metagenomics, metatranscriptomics, 
metaproteomics) to understand the ecological roles of these 
important, yet uncultivated archaea. We propose that many of 
these uncultivated sedimentary archaea utilize fermentation as 
the main energy producing strategy, take part in the 
degradation of recalcitrant organic matter in the marine 
sediments. 
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Black carbon (BC) is believed to be the second most 
important forcing agent after carbon dioxide in causing the 
climate warming. However, unlike greenhouse gases, BC has 
large spatio-temporal variability, and the climate impact of BC 
can be more rapidly communicated to the human-earth system 
through changing regional energy budget and water cycle. 
Thus it is necessary to have accurate global 3-D distribution of 
BC to fully assess the regional impacts using climate models. 
Many global aerosol-climate models, including the 
Community Atmosphere Model version 5 (CAM5), have large 
biases in the prediction of global 3-D distribution of BC, 
particularly over high latitudes and in the upper troposphere.  

We recently improved the treatment of aerosol convective 
transport and wet removal processes in CAM5, which largely 
reduces these biases and improves the global spatial 
distribution of BC in the atmosphere and in snow/glacier over 
land surface [1]. Based on the improved model, we examined 
the impact of circulation features on BC transport into high 
latitudes by configuring the model to run in an “off-line” mode 
in which meteorology is constrained to agree with reanalysis 
products [2]. To better understand the response of climate to 
BC emission uncertainties, we further introduced an explicit 
BC source tagging technique in CAM5 to characterize the 
global source-receptor relationships and transport pathways of 
regional emissions, to attribute BC loading and radiative 
forcing to various regional and sectoral BC sources [3]. We 
found that BC lifetime, forcing-per-emission and forcing-per-
loading have strong dependence on source regions. New 
insights from these studies, particularly the sensitivity of BC 
radiative impacts to relevant chemical/physical processes in 
the model and to change in regional emissions will be 
discussed.  

 
[1] Wang et al (2013) Geosci. Model Dev., 6, 765-782. [2] Ma 
et al (2013) J. Geophys. Res. Atmos., 118, 4657–4669. [3] 
Wang et al (2014), submitted.  
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K-rich mafic igneous rocks are viewed as being derived 

from partial melting of enriched mantle source, but it is 
extremely controversial about which processes cause the 
mantle enrichment. The Fushui intrusive complex is the largest 
early Paleozoic K-rich intrusive complex in the eastern Qinling 
orogen, which plays an important role in determining the onset 
time of subduction of the Paleotethyan Ocean beneath the 
North Qinling microcontinent. Therefore, detailed studies on 
the Fushui complex can contribute not only to understanding 
of the petrogenesis of K-rich mafic igneous rocks, but also to 
unraveling the evolution of the Paleotethyan Ocean. In this 
study, we provided an integrated investigation of in situ zircon 
U-Pb dating and Hf-O isotopes, in combination with whole-
rock major and trace elements as well as Sr-Nd isotopes for the 
Fushui intrusive complex. In situ zircon SIMS/LA-ICPMS 
methods revealed that different rock types of the Fushui 
complex had identical formation ages of 488-484 Ma, 
confirming the late Cambrian-early Ordovician magmatic 
activities. The Fushui complex belongs to shoshonitic series, 
and is characterized by extreme LILE enrichment (e.g. Ba, Pb 
and Sr), depletion of HFSEs (e.g. Nb, Ta, Zr, Hf, P and Ti), 
high initial Sr isotopic ratios (0.709969-0.715126), negative 
εNd(t) (-3.97 to -5.68) and εHf(t) values (-2.85 to 0.34), positive 
ΔεHf values (3.85-5.37) as well as high zircon δ18O values 
(6.86 ± 0.13 ‰). These geochemical features indicate that the 
mantle source has been metasomatized by fluids derived from 
subducted oceanic sediments. A simple two end-members 
mixing model constrained the amount of subducted sediments 
in the Fushui mantle source to ~6 %. The Fushui complex 
originated from 1-6 % equilibrium melting of a phlogopite-
bearing garnet lherzolite by a model of non-modal melting. As 
shoshonitic magmas have been discovered in modern nascent 
arcs, we suggest that the generation of the Fushui complex was 
induced by the subduction of the Paleotethyan Ocean when it 
jumped from the northern to the southern boundary of the 
North Qinling microcontinent. 

 



 Goldschmidt2014 Abstracts  

 

2627	  

2627 

The new understanding of the 
siliceous source and depositional 

environment in Xiamaling Formation 
(1.38 Ga), North of China 

HUAJIAN WANG1, XIAOMEI WANG1  
AND SHUICHANG ZHANG1* 

1Research Institute of Petroleum Exploration & Development, 
CNPC, Beijing 100083, China 
(wanghuajian@petrochina.com.cn, 
wxm01@petrochina.com.cn,  
*correspondence: sczhang@petrochina.com.cn) 

 
Organic-rich and silicic-rich marine sediments were 

deposited during Xiamaling Formation (XML, ~1.38 Ga) in 
Xiahuayuan, northern China. Irrespective of the cherts, the 
contents of SiO2 in the black shales were generally up to 50%. 
Though XML profile was considered as one of the 
representative Mesoproterozoic stratum in China, many key 
issues such as the precursors of organic matters, the siliceous 
sources and paleo-environment have long been controversial. 

Elemental analysis of a large number samples showed that, 
the contents of Ti and Al, which can be characterized as 
terrestrial input, were relatively high in cherts and black shale, 
while Fe and Mn that were related to hydrothermal activity 
were relatively low. The average ratio of Fe/Ti in chert was 
16.0, lower than the limit value of hydrothermal chert (>20). 
The average ratio of Al/(Al+Fe+Mn) was 0.6, closed to the 
average value of world shale (~0.62), higher than the limit 
value of hydrothermal chert (<0.35). In addition, after 
normalized with chondrite, the distribution pattern of REE of 
the chert showed great similarities with the continental crust. 
The average ratio of MnO/TiO2 (~0.06) and LREE/HREE 
(~2.14) in chert indicated a shallow continental shelf 
environment.  

Higher contents of terrigenous materials means serious 
weathering, further implying abundant elements nutrients and 
high contents of carbon dioxide in such environment. The 
lower V/(V+Ni) ratio (~0.64) and  δU value (~0.87), together 
with the slight negative δCe (~0.82), further indicated a 
shallow and weakly oxidized environment during the chert 
deposition. These evidences proved that the siliceous source in 
XML Formation should be terrigenous, rather than the 
originally understanding of hydrothermal source[1,2]. Both of 
these conditions were conducive to biological thrive, which 
provided plentiful initial organic sources during the XML 
Formation in Xiahuayuan. 

 
[1] Zhang, et al (2007) Sci China Ser D 50, 527-535. [2] Wang, 
et al (2006) Chinese Sci Bull 51, 585-593. 
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Through the comprehensive utilization of core, logging, 

cast thin, physical analysis in Songnan gas field, authors 
analysis the effective reservoir characteristics and influencing 
factors of the gas reservoir of the study area. The results show 
that the lithology composition of the gas reservoir is low 
maturity, poor reservoir properties, mainly low porosity and 
penetration. The reservoir space types are mainly intergranular 
pores and dissolved pores and the pore - small micro jets is its 
basic seepage channel. So it is typical tight sandstone gas 
reservoirs. The key of efficient development is looking for 
effective reservoir. The formation of effective reservoir is 
affected by the combination of sedimentary microfacies, 
diagenesis and tectonic (micro-cracks).The reservoir properties 
of braided river channel and heart beach sand are better than 
the others and they constitute the material basis of the effective 
reservoir. The diagenesis ofⅠ、Ⅱ diagenism facies reservoir is 
weak to medium. That is to say, the late cementation is 
relatively weaker and the dissolution is stronger. Secondary 
porosity and micro-cracks develop well. So, they are favorable 
diagenetic facies and the key of the formation of effective 
reservoir. Besides, the microfractures of noseuplift tectonic are 
more developed, and they also point the direction of the 
hydrocarbon migration and accumulation well. 
 
Key words: Songnan gas fields; effective reservoir; 
sedimentary microfacies; diagenesis; diagenism facies 
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Geochemical reactions such as adsorption and redox 

reactions at mineral-water interfaces play an important role in 
many environmental processes, including transport of 
contaminants and geochemical cycling of elements. Molecular 
modeling techniques are capable to translate the molecular-
scale descriptions of the complex mineral surface reactions to 
thermodynamic quantities that are useful for the purpose of 
linking with macroscopic models. The thermodynamic 
properties can be used in predictive models such as toxic 
contaminants transport in the subsurface environment. The 
mechanisms allow for the thermodynamic properties to be 
extrapolated beyond the conditions at which the 
thermodynamic properties are determined. By linking 
molecular scale mechanisms of the reactions to their 
thermodynamic properties at the interfaces, geocehmical 
processes can be better predicted.  

Among many interfacial geochemical reactions, water 
exchange reaction at mineral surfaces has been recoginzed to 
be one of the key factors controlling the surface reactions.  
However, experimental determination of the rates has been 
possible only for most aqueous ions and a few simplest 
polynuclear ion clusters, and much is unknown for water 
exchange reaction at mineral surfaces. An unanswered 
question remains: how can water exchange rates and chemical 
reactivities of aqueous ions in solution be used to understand 
those at nanoparticles and mineral surfaces? Using a series of 
realistic molecular structures of aluminum-bearing aqueous 
ion, ion clusters, nanoparticles, and bulk mineral surfaces as 
models, kinetic rates of aqueous ion adsorptions are calculated 
and a linear correlation of the rate as a function of particle size 
and bond length are established. The results show that the 
reaction barrier height, the phenomenological activation 
enthalpy, and logarithm reaction rate scale linearly with the 
bond distance between water and Al in the structures. With this 
correlation, well-known solution chemistry such as water 
exchange is translated to ion clusters, nanoparticles, and 
extended structure of the mineral surfaces. This contribution 
illustrates how molecular simulations of interfacial reactions 
can be used to link molecular scale descriptions to 
thermodynamic properties of geochemical reactions across the 
length sale: the solute-to-solid continuum.  
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Apatite structure provides a great potential for 

incorporating long-lived radioactive iodine from nuclear waste 
streams. Because of its chemical durability and high iodine 
content, apatite waste forms can reduce iodine release rate and 
minimize the waste volume. This study focuses on the crystal 
chemistry of apatite (A5(BO4)3I) using Artificial Neural 
Network (ANN) and first-principles calculations. A total of 92 
apatite compositions were compiled and 47 were used to train 
ANNs and 45 were used to test the performance the trained 
network. The results show that the performances of the ANNs 
are satisfied for unit cell parameter a and c and the channel size 
in the structure. The trained and tested ANNs were used to 
predict iodine apatite with unknown compositions. With a 
crystal chemistry concern, chemical compositions that lead to 
matching the channel size to iodine were then predicted. A 
number of new apatite compositions were predicted to be able 
to incorporated iodine ion in the structural channel. In order to 
estimate if the predicted compositions are energetically stable, 
first-principles calculations were carried out. The calculated 
crystal structure and bonding distances were used to compare 
with available experimental results as a benchmark for the 
quality of the calculations. The electronic structure, charge 
density, and electron overlap were used to understand iodine 
bonding environment. Phonon density of states was calculated 
using the linear response theory and finite-difference approach, 
which was used to calculate free energy of the formation of 
A5(BO4)3I. These results can be used to understand the 
thermodynamic stability of the apatites with respect to their 
decomposed phases. The results provide important clues to 
design experiments to synthesize new apatite compositions. 
The goal is to provide a fundamental understanding how iodine 
is incorporated in apatite crystal structure. This understanding 
can provide important insights for apatite waste design by 
optimizing the chemical composition and synthesis procedure. 

This research is being performed using funding received 
from the DOE Office of Nuclear Energy's Nuclear Energy 
University Programs. 
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Several sediment intervals rich in authigenic pyrites were 

identified in the recovered shallow sediment cores, northern 
South China Sea, where the gas hydrates were sampled first 
time in 2007. By analysis of the pyrite crystal morphologies by 
SEM, the pyrite distributions and the stable sulfur isotopes 
measured both by the chromium reducibel sulfur (CRS) and by 
the individual pyrites handpicked out under the binocular 
microscope, as well as the core dating by the AMS 14C of 
foraminifera and the TOC of sediments, we recognized that the 
pyrites aggregated mainly in the forms of rod, sheet-like 
masses and the foraminifera-infilling with the octahedral 
microcrystals in diameters from 3 to 30 µm. Several sediment 
intervals in Site 4B are dominated in authigenic pyrites 
especiall below the depth of 95 cmbsf. There seems no clear 
correlation between the pyrite enrichment and the TOC of 
sediments, indicating the microbially sulfate reduction of 
sedimentary organic matter (SOM) not the main sulfur sources 
needed for the pyrite precipitation. The δ34S of pyrites varies 
from -41.69‰ to -49.16‰ VCDT  by the measurement of 
individual pyrites handpicked out under the binocular 
microscopes and from -42.7‰ to -48.3‰ VCDT by the CRS, 
indicating the joint contributions of the bacterial sulfate 
reductions, the disproportional sulfur processes and/or the slow 
sulfate reaction rates leading to these extremely negative 
values of  pyrite δ34S. At least five pyrite-rich intervals having 
the synchronous fluctuations of δ34S were recognized in Site 
4B. We thus propose that the anaerobic oxidation of methane 
(AOM) might play the key role in pyrite enrichments and the 
sulfur isotopic fractionation in Site 4B during the LGM-
sealevel circulation in northern South China Sea. The pyrite-
riched sediment intervals might record the excursions of the 
paleo-SMT zones affected sensitively by the upward methane 
flux in gas hydrate geosystem. 
 
[1] Xie et al (2013) Science in China: D 56, 541-548. [2] 
Aharon & Fu (2000) GCA 64, 233-246. 
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The weathered volcanic rocks are the most common 

petroleum reservoirs discovered in the Carboniferous 
formation of North Xinjiang. We discovered the weathered 
volcanic reservoirs developed multiple pore-fracture 
combinations with effective reservoirs dominated by pore-
fracture, fracture-pore and fracture types, using the latest 
exploration data and laboratory experiments (thin-section, 
physical properties test, dissolution test, triaxial compressive 
experiments and CT scanning). The storage and percolation 
spaces are formed by two mechanisms, storage spaces 
controlled by pore-forming mechanism and percolation spaces 
mainly by fracture-forming mechanism. The dissolution 
experiments indicated the surface area and pores volume 
increased under surface environment, deep thermal fluid, and 
deep-buried organic acid. Under surface environment, the pore 
diameters decreased, mainly small pores. Under deep-buried 
environment with thermal fluid dissolution, the pore diameters 
increased, mainly large pores; while that would decrease 
dominated with micro-pores by organic acid dissolution. Stress 
experiments indicated strains against the volcanic rocks of 
original, weak weathered, common weathered, and strong 
weathered decreased correspondingly, so the capabilities to 
form fractures increasing correspondingly. CT scanning 
showed fracture is main factor to connect dissolved pores, thus 
forming effective percolation spaces. The percolation spaces of 
the weathered volcanic reservoirs are controlled by weathering 
duration, differential weathering and tectonic factors. 
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The Os isotope compositions of sulfides in mantle 
xenoliths from the Sviyaginsky volcano, Far Eastern Russia, 
reveal the presence of Proterozoic subcontinental lithospheric 
mantle (SCLM) beneath the Khanka massif. TRD model ages 
for individual sulfides indicate the oldest age of 2.5 ± 0.5 (2σ) 
Ga, whereas both their TMA and TRD model ages reveal similaer 
peak ages at 1.1 and 0.8 Ga, suggesting later thermotectonic 
events in the SCLM. Our sulfide age data indicate that at least 
part of the SCLM beneath the Nakhimovka terrain of the 
Khanka massif, where the Sviyaginsky volcano locates, is 
Mesoproterozoic, even as old as Paleoproterozoic. The Os 
peak ages at 1.6 and 1.3-1.1 Ga, especially later correlating 
with crustal U-Pb and Rb-Sr isochron age, could record either 
the accretion of a new SCLM volume, or a pre-Central Asia 
Orogenic Belt (CAOB) event that influenced both the SCLM 
and overlying crust of the Khanka massif. The most 
pronounced Os age peak at 0.8 Ga corresponding to the time of 
amalgamation of the Khanka massif suggests significant 
mantle involvement during the accretion of the CAOB, 
supporting the hypothesis that large amounts of juvenile crust 
were formed during the accretion (Jahn, 2004). The juvenile 
material added on the Khanka massif during the amalgamation 
could be part of the juvenile crustal growth in the subduction 
zone. It is recorded either by less-modified residual sulfides or 
modified sulfides without Os isotope disturbance, which 
preserve information on the timing when the mantle melts 
were add as juvenile material on the Khanka massif. The 
similarity between the crustal U-Pb dates, Nd model ages, Rb-
Sr isochron age and our sulfide Os model ages suggests that 
the sulfide ages may actually date metasomatic events in the 
SCLM, related to contemporaneous tectonothermal events in 
the overlying crust. Therefore, Os modal ages of mantle 
sulfides in the study provide the first evidence from the SCLM 
to support that the Khanka massif is an ancient, at least 
Proterozoic, microcontinent existing prior to the CAOB 
orogeny. 
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Eight Mesozoic sub-volcanic and intrusive rocks in the 

Lishui Basin have been selected for zircon U-Pb dating and 
Lu-Hf isotopic analysis. The Laohutou, Datongshan, 
Daweizhuang, Yeshanao, Yanwaqiao, Xibeishan, 
Changshantou and Jianshan porphyrites yield concordant early 
Cretaceous ages of 130.5±1.6 Ma, 136.0±3.4 Ma, 132.7±2.7 
Ma, 127.0±1.9 Ma, 129.4±1.7 Ma, 133.2±2.1 Ma, 131.1±2.3 
Ma and 127.4±1.8 Ma, respectively. Zircon εHf(t) values for 
these rocks range from -3.54 to -9.11, mostly between -3.54 
and -5.93, suggesting sources similar to those for coeval 
igneous rocks in other volcanic basins along the middle and 
lower Yangtze River. Considering the geochemical 
characteristics of coeval magmatic rocks in the middle and 
lower Yangtze River beach and its adjacent areas, this paper 
proposes a model of slab rollback to explain the Mesozoic 
magmatism in the east-central part of China continent. In the 
middle-late Jurassic to early Cretaceous (170-145 Ma), the 
Pacific plate started to subduct beneath the Eurasian continent, 
producing a compressive tectonic setting, and magmatism 
progressed from coast to the inland. The magmas of this period 
were derived mostly from partial melting of ancient crust. 
After ~135 Ma, the subduction weakened, and the rollback of 
the subducted Pacific plate produced an extensional 
environment. This led to the formation of volcanic basins, the 
partial melting of enriched mantle sources and less ancient 
crust, and the intrusion of voluminous intermediate-mafic 
igneous rocks. 
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Terrestrial mud volcanoes represent an important natural 
source of methane emission. The exact microbial processes 
controlling carbon flow in such methane-charged environments 
remain largely unexplored. This study analyzed cored 
sediments retrieved from various sites of the Lei-Gong-Hou 
mud volcanoes in eastern Taiwan to uncover the spatial 
distributions of biogeochemical processes and community 
assemblages involved in methane cycling. The profiles of 
methane concentration and carbon isotopic composition 
revealed various orders of the predominance of specific 
methane-related metabolisms along depth. The methanogenic 
zone either overlaid or was sandwiched by anaerobic 
methanotrophic zones. The anaerobic methanotrophic zone 
was characterized by high copy numbers of the ANME-2a 16S 
rRNA gene, dissolved Fe and/or Mn concentrations, copy 
numbers of the Desulfuromonas/Pelobacter 16S rRNA gene, 
and TOC concentrations. Gene analyses and incubation 
experiments revealed that methanogenesis was primarily 
mediated by methylotrophic methanogens and could proceed at 
salinities as high as 2000 mM Cl-. These lines of evidence 
suggest that anaerobic methanotrophy is potentially dependent 
on metal reduction, fixes methane-derived carbon for TOC 
accumulation, and dominates over aerobic methanotrophy for 
the removal of methane produced in situ and migrating from a 
deep source. Near-surface halo-tolerant methanogenesis 
contributes to the methane emissions from the mud platform. 
The alternating arrangements of methanogenic and 
methanotrophic zones at different sites suggest that the 
interactions between surface (mud deposition, evaporation, and 
oxidation) and subsurface fluid transport modulate the 
assemblages of microbial communities and methane cycling in 
different compartments of terrestrial mud volcanoes. 
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Oil and gas in marine carbonate rock played an important 

role in exploration in China, it was in the discovery phase now. 
With the development of oil and gas exploration technology, 
exploration to deeper, or broader field has become the latest 
development trend. 

Recently large scale gas field was found in Cambrian-
Sinian in central Sichuan basin, it was new breakthrough in 
carbonate in China. It was a sandwich-like gas system with 
main source rock of Qiongzhusi group of lower Cambrian and 
main reservoirs of fracure-vug dolostone reservoir in Sinian 
dengying formation in the bottom and shoal dolostone in 
Cambrian longwangmiao formation in the top. Natural gas in 
the gas field was cracking gas coming from the early ancient 
oil field. Size and abundance of gas field was controlled by 
reservoir types. It was quasi-layered spreadwide reservoir in 
Sinian, distribution of ancient oil field and gas field was very 
difficult, which could be called as ectopic type. While 
reservoir of longwangmiao formation was controlled by beach 
facies and belt-like distribution, distribution of ancient oil field 
and gas field was basically same, which could be called as in-
situ type. By contrast, preservation condition in in-situ gas 
field was better than ectopic type. So it could be predicted that 
large-size gas field formed more easily in longwangmiao 
formation. 
 
Key words: Sichuan basin; Cambrian-Sinian; reservoir 
diversity;in-situ type gas field;ectopic type gas field 
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A number of medium-giant gas fields have been 

discovered in Permian Changxing reef and Triassic 
Feixianguan oolitic reservoir  in NE Sichuan, SW China. 
Based on a series of geochemistry studies, petroleum system 
characteristic was disccussed. It is pointed that the natural gas 
in reef and oolitic reservoir derived from multi-source rocks, 
where the gas source supply are sufficient. Three evidences 
discussed are as follows. (1) The gas component and its 
isotope characteristics are the direct basis for the determining 
the origin of the natural gas; the carbon isotope is the most 
effective and practical index. According to the cross-plot of 
natural gas δ13C1-δ13C2, the δ13C1 and δ13C2 values of natural 
gas in oolitic reservoir distribute between those of coaled 
natural gas generated from Longtan coal measures and those of 
oil cracking gas derived from the deep source rocks of Silurian 
and Cambrian. (2) According to the accumulative time effect 
of argon isotopes, the value of 40Ar/36Ar can be used to 
estimate the age of natural gas source rocks. The value of 
40Ar/36Ar in Puguang gas field was found to range from 1280 
to 1690[1], which reflects that the gas source age ranges from 
383 Ma (Later Devonian Period) to 323 Ma (Earlier 
Carboniferous Period). However, these two sets of source 
rocks in the Sichuan Basin are absent, so the test results are 
inconsistent with geologic conditions. A more reasonable 
explanation is that the natural gas in oolitic reservoirs should 
come from several sets of source rocks, which were deposited 
prior to 383 Ma (Cambrian and Silurian) and more recently 
than 323 Ma (Carboniferous), instead of a single source. (3) 
Gas source rocks can also be identified with carbon isotope 
fractionation variation index. The δ13C2 value of Natural gas is 
1-2‰ lower than that of kerogen, while the δ13C value of solid 
bitumen is consistent with that of kerogen. A chart of the δ13C 
value is achieved to demonstrate the correlation among natural 
gas, solid bitumen and Kerogen. Natural gas in oolitic 
reservoir is correlative with the source rocks of Upper 
Permian, Lower Permian, Silurian and Cambrian. Obviously 
the natural gas in reef and oolitic reservoir has multi-Source 
genetic characteristics. It is believed that more natural gas 
reserves derived from multi-source rocks could be found here 
in the near future. 

 
[1] Liang D G, et al (2008) Marine Oil & Gas Geology 13, 1-
16. 
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A better understanding of how water erosion influences the 

redistribution of soil organic carbon (SOC) and which 
processes are involved is sorely needed to unravel the role of 
soil erosion for the carbon (C) budget from local to global 
scales. Particularly, the role of transport processes on C 
mineralization and the contribution of dissolved organic C to 
the C budget are largely unknown.  

We present a study in which the total carbon budget of a 
loess soil under water erosion was determined using climate-
controlled rainfull simulation experiments in the laboratory. 
We measured fluxes of SOC, dissolved organic C (DOC) and 
CO2. We characterized different C fractions in soils and 
redistributed sediments using density fractionation and 
determined C enrichment ratios (CER) in transported and 
deposited sediments along the experimental flume.  

Erosion, transport and subsequent deposition resulted in a 
significantly higher CER of the sediments exported ranging 
between 1.3 and 4.0. In the exported sediments, C content of 
particulate organic C (POC, C not bound to soil minerals) and 
mineral-associated organic C (MOC) were both significantly 
higher than those of non-eroded soils indicating that water 
erosion resulted in losses of C-enriched material both in forms 
of POC and MOC. The averaged SOC fluxes as particles (4.7 g 
C m-2 yr-1) were 18 times larger than DOC fluxes. Cumulative 
emission of soil CO2 slightly decreased at the erosion zone 
while increased by 56% and 27% at the transport and 
depositional zone, respectively, in comparison to non-eroded 
soil. Disruption of macro-aggregates was identified as the main 
process responsible for the observed preferential redistribution 
of labile particulate organic C. Overall, CO2 emission was the 
predominant form of C loss contributing to about 90.5% of 
total erosion-induced C losses in our 4-month experiment. 
However, only 1.5 % of redistributed C was mineralized 
highlighting that the C sink induced by deposition is much 
larger than previously assumed. Our study also underlines the 
importance of C losses by particles and as DOC for 
understanding effects of water erosion on the C balance at the 
interface of terrestrial and aquatic systems.  
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Previous attempts to track ocean oxygen levels during 
recent (Cenozoic) climatic shifts have been predominantly 
model-based or have utilized geochemical proxies that are 
inherently regional in scope. The uranium (U) isotope system 
(238U/235U) has emerged as a proxy that can track changes in 
ocean redox on a global scale. We provide a U isotope record 
throughtout the Cenozoic archived in hydrogeneous Mn-Fe 
crusts dredged from the Pacific, Atlantic, and Indian oceans. 

Uranium is scavengaged and incorporated into the crusts 
through adsorption by hydrogeneous Mn-Fe phases, which are 
formed by direct precipitation of Mn-Fe oxyhydroxides from 
seawater. Therefore, Mn-Fe crusts can track the U isotope 
composition of seawater. We analyzed five hydrogeneous Mn-
Fe crusts formed at different locations and different depths in 
the ocean. Although U concentration varied between and 
within the studied crusts, 238U/235U did not show analytically 
resolvable variation. Crusts from all three oceans have a 
consistent, time-independent 238U/235U value that is ~0.2‰ 
lower than the ratio of modern seawater. This isotopic shift 
agrees with modern Mn-Fe crust values and laboratory 
adsorption experiments. We monitored 234U to ensure that we 
are not recording diffusional profiles. 

The consistency in our U isotope record indicates 
remarkable secular stability of the marine redox landscape 
throughout the Cenozoic. We acknowledge that shorter 
perturbations to ocean redox may have been superimposed 
upon this pattern, because the sampling resolution was not high 
enough to cover short durations. However, the data imply that 
stabilizing feedbacks have somehow prevented major long-
term oxygen shifts despite secular changes in surface 
temperature, atmospheric pCO2, and tectonic events. 
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Arc-continent collisional belt has been shown to be the 

dominant area for continental crust accetion. However, the 
detailed processes for the geochemical transition from juvenile 
basaltic island arc to average andesitic continental crust still 
remain unresolved, although the significance of the fractional 
crystallization of basalitic magmas and the delamination of 
lower crust have been noted. Neoproterozoic igneous rock 
outcrops are well developed around the margins of the Yangtze 
Block, southern China. The eastern segment of the Jiangnan 
orogen (JO) that is located on the SE margin of the Yangtze 
Block was involved in a complex subuction-arrection process, 
providing a good example for studying the Neoproterozoic 
continental accretion during the formation and evolution of an 
arc-continent collisional belt. 

Previous studies have shown an Early Neoproterozoic 
oceanic subduction in the period 970-870 Ma, as represented 
by the Shuangxiwu arc magmatism in the eastern JO. However, 
the tectonic settings and petrogensis of the Middle 
Neoproterozoic igneous rocks in the area are greatly debated, 
mainly involved in three models (arc-collision, mantle plume 
and plate-rift). This study presents the geochronological and 
geochemical results of the diorite suites along the Jiangshao 
Suture Zone that have been suggested to represent the “bond” 
between the Yangtze and Cathaysia Blocks within southern 
China. The dating results suggest the diorites formed 
episodically (at 860 Ma, 850 Ma, 835 Ma and 825 Ma), and 
each episode was associated with mafic intrusive rocks. The 
860-835 Ma diorites formed by the fractional crystallization of 
associated mafic magmas, indicating a continental arc setting. 
In contrast, the 825 Ma diorites formed by the remelting of 
juvenile basaltic crust in a continental rift setting. The 
Neoproterozoic continental accretion in the eastern JO was 
accomplished by the island arc magmatism, arc-continent 
collision, continental arc magmatism and the subsequent 
reworking of juvenile crust within the period ca. 200 Ma. 
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As the molecular fossils of eukaryota, though steranes had 

been identified in Paleoproterozoic or even late Archean 
sediments, the scarce body fossils were still against the 
existence of numerous eukaryotic algaes [1]. Meanwhile, in 
some Mesoproterozoic sediments, steranes were in quite low 
level or even absence. Currently recognized Mesoproterozoic 
oceanic environment was also seemingly not conducive to the 
extensive development of eukaryotes [2]. Thus, some scientists 
considered that eukaryotic algaes were still in limited 
diversification in Mesoproterozic or older ocean [3]. 

However, our recently research in the cores of Xiamaling 
Formation (1.38 Ga) in North China Craton revealed a possible 
high diversification of eukaryotic algaes were already existed 
in Mesoproterozoic. We used the pure water in drilling to 
avoid possible contamination. The final results of biomarkers 
expressed characteristic distribution that was in perfect 
consistent with the interactive sedimentary layers. This proved 
that the biomarkers that we identified should be from the raw 
sediments. In the lower and upper segments of Xiamaling 
profile, a series of red algae-related biomarkers (C27 steranes), 
green algae-related biomerkers (C29 steranes),  
and dinoflagellate-related biomarkers (dinosterane and 4-
methyl-24-ethylcholestane) were identified. Meanwhile, some 
steranes with unclear biological orgins, including C28 steranes, 
4,23,24-trimethyl cholestane, 24-norcholestanes and 
triaromatic dinosteranes were also in relative abundance. 
However, in the middle segment of Xiamaling profile, these 
eukaryotic algaes-related biomarkers were in quite low levels 
or even absence, insteading with various and abundant 
prokaryotes-related biomarkers, such as 2-methyl hopane, 3-
methyl hopane, C26~C35 hopanes and rearranged hopanes. The 
precence-absence-presence cycls of eukaryotic algaes in 
Xiamaling profile means that sporadic samples with trace-level 
steranes could not represent the missing of eukaryotic algaes in 
whole Mesoproterozoic era, but the reflection of microbial 
community variation in regional ocean. 

 
[1] Schopf, et al (2006) Phil. Trans. R. Soc. B 361, 869-885. [2] 
Planavsky, et al (2011) Nature 477, 448-451. [3] Parfrey, et al 
(2011) PNAS 108, 13624-13629. 



 Goldschmidt2014 Abstracts  

 

2642	  

2642 

Proterozoic rapakivi granites from 
North Qaidam orogen, NW China 

and their implications for its 
basement attribution  

XIAOXIA WANG1, TAO WANG2 AND ANTONIO CASTRO 3 

 
1MLR Key Laboratory of Metallogeny and Mineral 

Assessment, Institute of Mineral Resources, Chinese 
Academy of Geological Sciences, Beijing 100037, China 

2Institute of Geology, Chinese Academy of Geological 
Sciences, Beijing 100037, China 

3Department of Geology, University of Huelva, Huelva 21071, 
Spain 

 
Proterozoic rapakivi granites commonly occur in a great 

volume in old cratons. Recently, Proterozoic rapakivi granites 
have been recognized from the Paleozoic North Qaidam 
Orogen, NW China. SHRIMP zircon U–Pb dating for these 
granites yields an age of 1778 ±17 Ma. These granites with 
typical rapakivi textures are characteristics of A-type granite 
with high FeOt/(FeOt+MgO) and Ga/Al ratios, and high 
Na2O+K2O and rare earth element contents. They have whole-
rock εNd(t) values of -6.09 to -5.74, and zircon εHf(t) values of 
−9.4 to −2.8, suggesting that they were mainly derived from 
old continental crust. The age, rapakivi texture and 
geochemical features indicat that these rapakivi granites are 
very close to the typical Proterozoic (~1700 Ma) rapakivi 
granites within the North China Craton (NCC) and belong to 
the group of Proterozoic rapakivi granites of the northern 
hemisphere. Therefore, the recognition of these rapakivi 
granites from the Paleozoic North Qaidam Orogen has great 
significances. This is first case of identification of Proterozoic 
(~1700 Ma) rapakivi granites from Phanerozoic orogens. 
These rapakivi granites may originally occur in an old craton 
similar to the NCC, and then they, together with a part of the 
craton, were involved in this orogen. The similarity of these 
Proterozoic rapakivi granites to those in the NCC provides 
evidence that part of the basement of the North Qaidam orogen 
were similar to that of the NCC or probably derived from the 
NCC. 

 
Key words: Rapakivi granites; Craton; Proterozoic; North 
Qaidam orogen 
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Based on Material Flow Analysis, the phosphorus cycle in 

the watershed of the primary source water area for Beijing—
the watershed of Miyun Reservoir— was studied. Phosphorus 
(P) input and output of four sub-systems (planting, animal 
husbandry, population and a simple sub-system representing 
all other inputs and outputs), the metabolic efficiency of the 
whole system, and the affecting factors of pollution load are 
discussed. Chemical products, which mainly are fertilizers, 
feed additives, and pesticides, are the main sources of P input 
to the watershed, accounting for 52.9 % of total imported P 
amount. The P input of the system to the environment is 
2868.44 t, among which 76.5 % of system phosphorus enters 
the water body directly. The animal husbandry sub-system is 
the largest contributor of P load in water, which exports 82 % 
of the total P output. The planting sub-system contributes 9.4% 
of the total P load. The overall structure of the system is 
asynergic in one-way and open state. The P cycle in the 
planting system is deficient, but in the animal husbandry 
system has a surplus with regional and uneven characteristics. 
Excreta from livestock and humans has not been effectively 
reused and recycled, 40.9% excreta went directly into water, 
resulting P accumulation in water and further serious waste of 
resources and extensive environmental impact. The water 
pollution loads of different counties are related closely with 
their urbanization rates. 

 
Fig.1 Structure map of P metabolism in the upstream 
watershed of Miyun Reservoir (t/a) 
 

This project is financially supported by the National 
Natural Science Foundation of China (40971258, 41271495) 
and Specialized Research Fund for the Doctoral Program of 
Higher Education (No. 20121108110006). 
 
[1] Wang et al (2009). Acta Scientiae Circumstantiae, 29 (7): 
1549-1560. 
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The atmospheric deposition is an important route as a 

source of the pollutants into water. The biogenic elements as 
nitrogen are especially delivered to aquatic ecosystem. Miyun 
reservoir is the only surface water source for drinking in 
Beijing, China. The water quality still meets the 2nd class of 
National Standard of Surface water, but with at the degraded 
trend. The main pollution comes from diffuse pollution 
including runoff of livestock manure, fertilizer and waste from 
villages and tourists. This work aimed to understand the 
Nitrogen contribution from atmospheric deposition to reservoir. 
Field monitoring for atmospheric deposition was conducted in 
Miyun watershed from spring to autumn in 2013. The average 
TN concentration in rain is about 8.64 mg·L-1, in which NH4

+-
N, NO3

—N and DON contributed 36.5%, 24.1% and 39.4% of 
TN. DON is the main form of nitrogen in rain. The 
concentration of TN in rain became lower with the increase of 
rainfall. The average nitrogen deposition is 593.09 kg·hm-2, in 
which wet deposition is about 8.6% and dry deposition 91.4%. 
NH4

+-N, NO3
—N, and DON contributed 24.2%, 28.5% and 

47.3% of TN deposition fluxes. The dry deposition in spring 
season is highest because Beijing is dry climate in spring with 
frequent heavy dust. The deposition in spring and autumn 
occupied 50.4% of annual deposition. In summer, wet 
deposition is highest because at least 75 % rainfall is on the 
late July to early August. The N contribution of atmospheric 
deposition to Reservoir is at considerable rate.  

This project is financially supported by the National 
Natural Science Foundation of China (40971258, 41271495) 
and Specialized Research Fund for the Doctoral Program of 
Higher Education (No. 20121108110006). 
 
[1] Gruber et al (2008). Nature, 451 293-296. [2] Liu et al 
(2011). Environmental Pollution, 159 (10) 2251-2264. [3] 
Pearl et al (2002). Estuaries and Coasts, 25 (4) 677-693. 
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Accurate knowledge of aerosol sources is required to 

investigate how aerosol affects weather, climate, and human 
health. This study conducts observing system simulation 
experiments (OSSE) for future geostationary satellite and aims 
to assesse the potential of using hourly aerosol optical depth 
(AOD) retrievals to constrain emission estimates of aerosols 
and gaseous precursors. The OSSE system comprises WRF-
Chem model for synthetic simulation, and GEOS-Chem 
chemical transport model and its adjoint for emission 
inversion. We have developed the AOD observation operator 
for GEOS-Chem adjoint model and verified with a pseudo-
observation experiment. Hourly synthetic AOD observations 
for one-month period are generated in North America by 
WRF-Chem. Our experiments define two types of  
“observations” that are assimilated into GEOS-Chem adjoint 
model to optimze aerosol emissions. In the first experiment, 
AOD observations are provided once a day over each grid box, 
which follows polar-orbiting satellite observation cycle. The 
other expetiment is corresponding to high temporal resolution 
geostionary satellite observation concept—hourly AOD within 
daytime are assimilated. While cost functions are reduced and 
posterior emission inventories get better agreement with WRF-
Chem emission invetories in both experiments, more 
improvements are found in the posterior aerosols emissions 
constrained with hourly synthetic observtaions. These results 
show that the future geostionary satellite data are likely to have 
a significant impact on emission inventories estimation. 



 Goldschmidt2014 Abstracts  

 

2646	  

2646 

Constraining paleo-hydrologic flow 
fields from iron oxide cementation 

patterns 
YIFENG WANG1 AND MARJORIE A. CHAN2 

1Sandia National Laboratories, P. O. Box 5800, Albuquerque, 
New Mexico 87185-0779, USA 

2Department of Geology and Geophysics, University of Utah, 
Salt Lake City, Utah 84112-0111, USA 

 
Fine-grained sandstone in Mesozoic sedimentary red beds 

of the Colorado Plateau contains iron oxides cements  that 
display spectacular pattern formation, including evenly spaced 
nodule formation and banding with nested scales spanning 
about two to three orders of magnitude. Such patterns may 
embed important information about paleo-environments of 
sediment diagenesis, especially regarding the fluid migration 
and geochemical conditions involved. Here we show that such 
patterns can autonomously emerge from a previously 
unrecognized Ostwald ripening mechanism and they capture 
rich information regarding ancient chemical and hydrologic 
environments. We demonstrate that the pattern transition from 
nodules to bands results from symmetry breaking triggered by 
groundwater advection. Nodules tend to develop under nearly 
stagnant hydrologic conditions, while repetitive bands tend to 
form in the presence of persistent water flows. The banding is 
formed perpendicularly to the flow direction, and the flow rate 
is expected to be proportional to the square of banding spacing. 
Therefore, careful mapping of cementation patterns and 
banding spacing over rock outcrops will allow us to 
reconstruct a detail map of water flow field for a sandstone 
aquifer. Concretion nodules formed in Jurassic Navajo 
Sandstone have been proposed as a terrestrial analogue to 
hematite spherules detected by the rover Opportunity at the 
Meridiani Planum site on the Mars. Since persistent water 
circulation is generally required for a sustainable subsurface 
life, a site with the presence of iron oxide bands, if any exists, 
may offer a better chance for detecting extraterrestrial 
biosignatures on Mars. 

Sandia National Laboratories is a multi-program laboratory 
managed and operated by Sandia Corporation, a wholly owned 
subsidiary of Lockheed Martin Corporation, for the U.S. 
Department of Energy’s National Nuclear Security 
Administration under contract DE-AC04-94AL85000.  
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Uranium can accumulate in wetland soils via U(VI) 
sorption on soil components and/or precipitation of U(IV)-
containing minerals under reducing conditions. In a natural 
wetland located near a former U mine, we observed a slight U 
release into a stream flowing through. This was evidenced by 
an increase in the U content in the stream (by ~ 0.13 µM) as a 
function of distance from the wetland inlet to the outlet[1]. To 
understand this phenomenon, depth-dependent soil and 
porewater samples were collected and preserved under anoxic 
conditions. Some of the cores obtained included a Fe-bearing 
clay-rich layer in the soil, while others were clay-poor. At 
these spots, the porewater and microbial community indicated 
the onset of microbial Fe(III) and SO4

2- reduction. Under 
reducing conditions in the wetland, 99% of U is bound to soil. 
However, unexpectedly significant soluble U concentrations (~ 
1 µM) were found at clay-rich locations, whereas much lower 
ones (~ 0.1 µM) were observed at a clay-poor location. Using 
laser fluorescence spectroscopy and X-ray absorption 
spectroscopy, we showed that U was mainly tetravalent in both 
porewater and soil and that U(IV) in the soil was non-
crystalline. Electron microscopy and ultrafiltration analysis 
demonstrated that U in the porewater at clay-bearing locations 
was associated with Fe(OH)2-organic matter colloids, whereas 
colloids at clay-poor locations contained little Fe and U. We 
conclude that the Fe-containing colloids at clay-rich locations 
are responsible for slight U release from the wetland and that 
the low U(IV) mobility at clay-poor locations is due to the 
limited association of Fe(II) to colloids in porewater. This 
limited availability of Fe(II) for colloid association results 
from pyrite precipitation. 
 
[1] Wang, Y. et al 2013, Mobile uranium(IV)-bearing colloids 
in a mining-impacted wetland. Nat Commun 4. 
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This work investigates the precipitation of calcium sulfate 

in aqueous solution at room temperature.  The focus is on the 
stability and transformation of hemihydrate and gypsum 
(calcium sulfate dihydrate) and a new precipitation mechanism 
is revealed. It is widely known that gypsum is the most stable 
phase at low temperatures, and hemihydrate is metastable at all 
temperatures (MacDonald 1953; Freyer and Voigt 2003).  
The reported typical transition temperature for 
gypsum/hemihydrate is approximately 97 °C. (Ostroff 1964) 
To investigate this further, the early stages of calcium sulfate 
precipitation in bulk solution were studied by isolating 
precipitates and characterising them with a range of techniques 
including TEM, XRD and Raman microscopy.  Interestingly, 
the existence of an amorphous calcium sulfate (ACS) was 
demonstrated, where this rapidly transforms to calcium sulfate 
hemihydrate before converting to the thermodynamically-
stable phase calcium sulfate dihydrate (gypsum). This work 
therefore also provides the first report of the formation of 
calcium sulfate hemihydrate in solution at room temperature 
and the existence of amorphous calcium sulfate. 

Interestingly, additives are also active in controlling the 
morphologies of the hemihydrate crystals, which can play a 
key role in defining properties such as porosity and mechanical 
strength. The results confirm the stepwise-precipitation of 
gypsum via amorphous and hemihydrate intermediates and 
suggest an alternative to the energy-intensive calcination 
processes which are currently widely used to prepare 
hemihydrate. A crossed-cylinder apparatus is also used to 
study this process at room temperature, focusing on the 
stability and transformation of amorphous calcium sulfate and 
hemihydrate at different surface separations. 
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It is widely known that nanoscale confinement and 

additives can control the polymorphs of organic crystals, there 
have been few systematic studies of the precipitation of 
inorganic crystals in constrained volumes. To investigate this 
further, the precipitation of calcium sulfate and calcium 
phosphate in confinement were studied, principally using 
TEM. Two half-crossed cylinders were used to create an 
annular wedge which provided a separation that varies 
continuously from zero to tens of microns. The focus is on the 
stability and transformation of mestable and amorphous 
phases.  

For calcium sulfate, the crystal polymorph changed from 
calcium sulfate dihydrate to amorphous calcium sulfate via 
calcium sulfate hemihydrate with enhanced confinement.  
Interestingly, the growth of calcium sulfate is also inhibited by 
the presence of additives. The combined effects of 
confinement and additives are investigated.  With the addition 
of inhibitors like poly(acrylic acid) or sodium triphosphate, the 
lifetimes of the amorphous phase and hemihydrate were 
extended with increased concentration of additives. It was 
therefore suggested that these results not only have immediate 
relevance to salt weathering and biomineralization processes, 
but are also important to the many crystallization and 
aggregation-driven processes occurring in small volumes. 

The work also investigates the effect of confinement on the 
crystallization of calcium phosphate (CaP) crystals in the 
presence and absence of PAsp. Some thin plate-like 
octacalcium phosphate (OCP) crystals were formed, at the 
surface separation of 1 µm, in the absence of PAsp. 
Interestingly, with addition of PAsp, agglomerations of 
nanoparticles were nanospheres also observed, shown as OCP. 
Amorphous calcium phosphate was observed in both 
confinement and additive. Although the method and reaction 
system employed was rather simple so it cannot be considered 
as a direct mimic of calcium phosphate precipitation in 
collagen, we do believe the experiments can provide insight 
into the control mechanisms which may operate in vivo. 
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Monohydrocalcite (MHC) is a thermodynamically 

metastable polymorph of CaCO3 and has already been found 
in a variety of organisms. The investigation for the calcareous 
corpuscles of Mesocestoides corti showed that MHC is the 
major component of the corpuscles and coexists with 
amorphous calcium carbonate (ACC) and organic matrices. It 
is widely found that the formation of crystalline biogenic 
CaCO3 (calcite, vaterite and aragonite) during 
biomineralization often occurs via an ACC precursor phase. 
Almost all the known biogenic ACCs contain appreciable level 
of Mg2+. Further investigations also revealed that the structure 
of most biogenic ACCs is analogous to MHC. In addition, the 
inorganic synthesis experiments also demonstrate that ACC 
and MHC have similar chemical composition, precipitation 
condition, and thermal behavior. Therefore, some studies 
indicate that MHC may form from ACC. Nevertheless, these 
researches cannot fully explain the formation mechanism of 
MHC in organisms. Herein, a series of Mg-ACCs with 
different contents of Mg2+ were first synthesized and then 
dispersed into aqueous solution to investigate their 
transformation under different conditions. Our results show 
that Mg-ACC with >24 mol % of Mg can transform into MHC 
at room temperature, and the MHC can be stabilized in 
aqueous solution for a long time, whereas the low Mg ACCs 
form Mg calcite and aragonite. The transformation from Mg-
ACCs to crystalline polymophs may all follows the initial 
precursor Mg-ACC dissolution and then crystallization of 
secondary mineral phases. Therefore, high Mg ACC may act 
as the transient precursor and be responsible for the formation 
of biogenic MHC. The current effort also helps to understand 
the origin mystery of MHC in nature. 
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Mantle peridotites and ocean ridge basalts are commonly 

viewed as complementary products of mantle melting. The 
abundances of some highly siderophile elements (HSE) are not 
consistent with this simple view. Notably, Pd and Pt, which are 
highly compatible in sulphides, often display low 
concentrations in both peridotites and in basalts. Studies of 
mantle rocks and experimental work indicate that melt-
peridotite reaction and fractional crystallization are additional 
processes that modify the composition of mantle-derived 
magma during ascent in the mantle. Here, we use chalcogen 
element (S, Se, Te), HSE compositions and Os isotopes in 
mantle pyroxenites of the Balmuccia peridotite massif (Ivrea-
Verbano Zone, Italian Alps) to determine the changes of ratios 
and concentrations of these elements in magmas during 
crystallization and assimilation processes in the mantle.  

The compositions of pyroxenites from the Balmuccia 
peridotite massif reflect accumulation of pyroxenes, spinel and 
sulfide segregation from S saturated melts. Websterites and 
clinopyroxenites have different abundances and ratios of 
chalcogens and the HSE. The websterites display high HSE 
and chalcogen abundances and chondritic to subchondritic 
S/Se and Se/Te, consistent with initial sulfide precipitates from 
primitive melts. Calculated HSE abundances in sulphides of 
the websterites share many similarities with interstitial sulfides 
of refertilized peridotites. The similarities support the view that 
preferential dissolution of interstitial sulfides in peridotites into 
migrating silicate melts must be an important process of melt 
extraction and melt-peridotite reaction. Clinopyroxenites have 
MORB-like HSE and chalcogen compositions and much lower 
abundances and stronger fractionations of the PGE and Te than 
websterites. Subparallel HSE patterns with abundance 
variations over several orders of magnitude, and S/Se and 
Se/Te, suggest that the clinopyroxenites formed from evolved 
melts that have undergone different extents of sulfide 
segregation in the mantle. The range of Re/Os and Pd/Ir in the 
pyroxenites is similar to the range of these ratios in upper and 
lower oceanic crustal rocks, indicating that most of the 
compositional variation of these elements in the oceanic crust 
may reflect magma transport and sulphide fractionation in the 
mantle. 
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Expulsion oil rate of different organic matter abundance 

and lithology source rocks  has been studied. Two core 
samples from Songliao basin (well Yu-24 and Xing-2), one 
samples from Dongpu depression (well Wei-20) and six  
samples of varying maturities from Huanghua depression (well 
Feng-29-19, Yan-14, Shen-6, Ganhshen-50, Qi-86 and Ban-59) 
of Bohai Bay basin, in addition to four outcrop samples from 
Yizhou, Maoming, Zhangjiakou and Tangshan, were employed 
in this study. The samples mainly contain type I as well as type 
II organic matter; the abundance of organic matter ranges from 
0.62% to 10.08%, covering the 3 end-members of low 
abundance of organic matter, high abundance of organic 
matter, and oil shale; the degree of thermal evolution is 
0.34%–0.68%.  

Based on the pyrolysis experiments of above samples, the 
better the type of organic matter, the higher the efficiency of 
oil expulsion, and the higher the TOC content, the higher the 
efficiency of oil expulsion as well. Oil shale has the highest 
abundance of organic matter with the highest oil expulsion 
efficiency up to 80%. The high expulsion efficiency of oil 
shale occurs primarily in the high maturity stage with Ro 
greater than 1.4%. In the general source rocks with medium to 
low TOC content, the oil expulsion efficiency is relatively low, 
i.e., 40%–60% in the liquid-window stage, and the lowest oil 
expulsion efficiency is 20% only. 

The marine strata in China is of old age and in high 
evolution period, these organic matters in marine strata 
undergo transform into liquid hydrocarbons, which further 
transform into a gaseous state. Associated volume expansion 
provides a driving force for expelling the gas from the parent 
matrix. The relative ratios of cycloalkanes to alkanes in the 
light hydrocarbon components of natural gas can be used as the 
indicator for identification of the cracked gas of retained 
hydrocarbons.The gas exploration of marine strata in Tarim 
basin has greatly effective with large gas fields constantly 
discovered. 
[1] Zhao et al (2008) Science in China Series D, Earth 
Sciences 51, 71-83.[2] Zhao et al (2011) Petroleum 
Exploration and Development 38, 129-135.  
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Previous studies have demonstrated both mass-dependent 

fractionation (MDF) and mass-independent fractionation 
(MIF) of Hg isotopes in natural samples and during some bio-
geochemical processes, highlighting the potential of Hg 
isotope determinations in biochemistry and geochemistry (1-
3). Lakes are of great importance in terrestrial mercury (Hg) 
biogeochemical cycle. It is a crucial sink and carrier of Hg, 
from which Hg may transfer to the atmosphere and sediment. 
Though investigating Hg isotopic composition in lakes can 
provide useful information for a) verifying the experimental 
results, b) explaining Hg isotope anomalies (anomalies of odd 
mercury isotopes) in aquatic organism, and c) identifying the 
fate of atmospheric Hg, little has been done on mercury 
isotopes in lake water.  

Here, we reported, for the first time, Hg isotopic 
composition in four water column samples of Hongfeng Lake 
(SW Guiyang, China) collected from autumn 2012 to spring 
2014. All samples showed notable MDF (δ202Hg varying from 
-1.06 to -0.39‰) and MIF of odd isotopes (Δ199Hg raging from 
0.04 to 0.59‰), and no significant MIF of even isotopes 
(Δ200Hg) was observed. Our results showed that, except for the 
precipitation contribution, the photo-reduction (1) occurring in 
the surface water and abiotic dark-reduction (2) from the deep 
water impacted MIF of odd Hg isotopes as well. Significant 
difference in Δ199Hg was found between samples collected in 
spring and in autumn. For the spring samples, the contribution 
of dark-reduction driven Δ199Hg increased with water depth, 
while contribution of Δ199Hg caused by photo-reduction at 
surface decreased. However, the autumn samples showed no 
distinct trends. This can be probably explained by the fact that 
the lake water during this period has been mixed evenly and 
thus the MIF of the mercury isotopes become homogeneous. If 
the conceptual model of Chen et al. (2012) holds, our 
observation of no Δ200Hg in waters may indicated that, unlike 
the mid-latitude region in southern Ontario (Canada) (3), the 
stratosphere incursion may be very limited in this sub-tropical 
region. 
 
[1] Bergquist and Blum, Science, 2007, 318, 417-420 [2] 
Zheng and Hintelmann, J. Phys. Chem., 2010, 114, 4238-4245 
[3] Chen et al. 2012, 90, 33-46. 



 Goldschmidt2014 Abstracts  

 

2654	  

2654 

Evidence of accretionary processes at 
mid-ocean ridges with variable 

spreading rates based on olivine-
hosted melt inclusions 

V.D. WANLESS A.M. SHAW M.D. BEHN 
dwanless@whoi.edu 
ashaw@whoi.edu 
mbehn@whoi.edu 

 
We present volatile (CO2, H2O, F, S, Cl), major, and trace 

element data from >400 olivine-hosted, naturally glassy, melt 
inclusions from 5 mid-ocean ridges (East Pacific Rise, EPR; 
Juan de Fuca Ridge, JdFR; Lucky Strike on Mid-Atlantic 
Ridge, Southwest Indian Ridge, SWIR; and Gakkel Ridge). 
We provide geochemical constraints on compositional 
variations and depths of crystallization beneath ridges of 
variable spreading rate. We use equilibrium CO2-H2O 
concentrations to determine vapor-saturation pressures, which 
are converted to depths of crystallization below the seafloor.  
The range of crystallization depths is similar at all ridges, 
spanning from the uppermost mantle to the seafloor.  However, 
these distributions vary with spreading rate and correlate with 
the presence or absence of a shallow melt lens. Crystallization 
depths indicate a peak in the distribution of crystallization at 
1.5–2.5 km on the EPR, 2.5–3.5 km on the JdFR, and 3–4 km 
on Lucky Strike—consistent with crystallization in or near the 
shallow melt lenses. By contrast, the distribution of 
crystallization at the ultraslow-spreading SWIR and Gakkel 
Ridge is more uniform, extending from ~9 km depth to the 
seafloor. At the EPR, JdFR and Lucky Strike, >25% of the 
melt inclusions equilibrated below the melt lens, suggesting  
significant crystallization occurs in the lower crust. These 
results are inconsistent with the exclusively shallow depths of 
crystallization anticipated for purely top-down, gabbro glacier 
models of crustal accretion and instead, require models in 
which crystallization occurs throughout the oceanic crust and 
uppermost mantle.  Combining depths of crystallization with 
melt compositions allows us to examine how melts evolve with 
depth.  Trace element ratios (La/Yb) suggest that melts are 
homogenized in the uppermost mantle at fast- and 
intermediate-spreading rates and beneath the large volcanic 
centers on Gakkel Ridge.  However, ratios are much more 
variable at Lucky Strike and SWIR, suggesting little to no melt 
homogenization. EPR and JdFR have the least primitive host-
olivines (Mg# 82–86), while higher Mg# olivine are erupted at 
slower spreading rates (Mg# >88).  Higher Mg# olivine 
generally host more variable trace element ratios, suggesting 
that olivine crystallizing from more primitive melts preserve 
greater melt diversity.  
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Reduction of soluble Cr(VI) to less toxic and sparingly 
soluble Cr(III) is the main focus of in-situ (bio)remediation 
efforts at Cr(VI) contaminated sites. Bioremediation often 
involves injection of organic carbon into the subsurface to 
stimulate the growth of indigenous bacteria that mediate the 
relevant redox processes. Further, a powerful proxy for 
demonstrating succesful Cr(VI) reduction is the fractionation 
of stable Cr isotopes. The use of reactive transport modeling is 
often required to obtain a predictive understanding of Cr(VI) 
reduction including the processes associated with biomass 
dynamics and those associated with Cr isotope fractionation. 
To ensure the accurate simulation of these processes we 
developed two benchmarks, each consisting of a series of 
component problems with increasing complexity. 

The first benchmark focuses on the simulation of 
microbially mediated redox reactions with the explicit 
inclusion of the microbial community dynamics and the 
impacts on reaction rates. Rate expressions for microbially 
mediated redox reactions include kinetic limitations (Monod 
and inhibition terms) as well as thermodynamic limitations. 
Both catabolic (energy) and anabolic pathways (biomass 
growth) are considered in the microbially mediated reactions.  

The second benchmark focuses on the simulation of Cr 
isotope fractionation in 1D and 2D domains. It is based on a 
recent field study where Cr(VI) reduction and accompanying 
Cr isotope fractionation occurs abiotically by an aqueous 
reaction with dissolved Fe2+. The problem set includes 
simulation of the major processes affecting the Cr isotopic 
composition such as the dissolution of various Cr(VI) bearing 
minerals, fractionation during abiotic aqueous Cr(VI) 
reduction and precipitation of Cr(III) as sparingly soluble Cr-
hydroxide. 

Correctness of the numerical solutions for the two 
benchmark problem sets were ensured by running the problems 
each with 4 well-established reactive transport modeling 
codes: CRUNCHFLOW, TOUGHREACT, MIN3P, and 
PHT3D or FLOTRAN. In general, model to model 
comparisons showed excellent agreement. 
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Enhanced geothermal systems (EGS) do not have to rely 
on naturally occurring hydrothermal convection and are 
therefore promising for new geothermal power production. It is 
based on hydraulic/thermal reservoir stimulation increasing 
permeability and enhancing fluid flow and heat extraction. 
Because hydraulic stimulation can create fresh and more 
reactive mineral surfaces, geochemical proxies can be used to 
assess the efficiency of geothermal reservoir stimulation. A 
promising tool for tracking such increased water-rock 
interaction are Li isotopes. Owing to their large mass 
difference, the two stable Li isotopes (6Li, 7Li) significantly 
fractionate when primary silicate minerals are altered and 
secondary minerals are formed. Even at temperatures relevant 
to EGS (≈250°C) reported Li isotope fractionation is on the 
order of 1.6‰ [1]. 

We present a novel reactive transport modeling approach 
that was used to simulate a column experiment performed at 
260°C for the goal of evaluating potential chemical changes 
during EGS development. Li isotope fractionation was 
explicitly simulated during secondary mineral precipitation 
(e.g., chlorite) using a solid solution approach with 3 different 
endmembers: (i) a pure, non-Li-bearing secondary mineral 
endmember with known thermodynamic properties, (ii) a pure 
6Li-bearing mineral endmember and (iii) a pure 7Li-bearing 
mineral endmember. The pure 6Li and 7Li endmembers are 
entirely hypothetical, but their specification allowed fitting Li 
concentrations and δ7Li values observed at the column outlet 
by calibrating the corresponding log(K) values. 

Simulation results show that the δ7Li value observed at the 
column outlet is not only dependent on the Li isotope 
fractionation factor (i.e., temperature) but also on the amount 
of Li-bearing secondary minerals formed along the column. 
This finding is important because it shows that at higher 
temperatures, large amounts of secondary mineral precipitation 
results in observable fractionation even though fractionation 
effects become smaller. Moreover, it shows that in EGS 
systems the degree of Li isotope fractionation is also strongly 
dependent on the reservoir mineralogy. 

 
[1] Vigier et al (2008) GCA 72, 780-792. 
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The Rio Naracauli (RN) in SW Sardinia, Italy, drains a 
group of abandoned mines that produced primarily Zn and Pb 
until 1968, has near-neutral pH and Zn concentrations >10s of 
mg/L. In the upper reaches of RN, seasonal biomineralization 
of hydrozincite {Zn5(CO3)2(OH)6} occurs. The hydrozincite 
forms on exopolysaccharide surfaces of a cyanobacterium [1], 
and selectively incorporates the heavier isotopes of Zn with a 
fractionation, Δ, of +0.35 ‰ [2]. In 2011, a tracer-injection 
experiment was conducted in the RN to quantify the sources 
and sinks of dissolved Zn and other metals. In the upper 600 m 
of the stream, where the hydrozincite forms, dissolved Zn 
concentrations decreased from 64 to 3.8 mg/L due to the 
biomineralization, and δ66Zn of the dissolved Zn decreased 
from -0.04 to -0.24 ‰ relative to the JMC-3-0749-Lyon 
standard, as the heavier isotope went into the hydrozincite. 
From 200-600 meters along the RN, mass-balance calculations 
from the tracer experiment suggest that as much as 2.5 kg of 
hydrozincite forms annually in each meter of the stream. 

Combining the mass- and isotope-balance calculations 
shows that the field data do not follow a Rayliegh distillation 
model. This result was expected because of the addition of 
isotopically heavier Zn in upwelling groundwater near 200m 
downstream from the origin of RN. If the Rayleigh calculation 
is reset to account for this added Zn, the distillation model fits 
the data more closely. The resetting is necessary because of 
both the different concentration and isotopic composition of 
the incoming groundwater. Thus, the model helps explain the 
loss of Zn due to hydrozincite biomineralization, as well as the 
gain of Zn from upwelling groundwater in the RN. 

 
[1] Podda, Zuddas, Minacci, Pepi, Baldi (2000), Appl. Env. 
Microbiol. 66, 5092-5098.  [2] Wanty, Podda, De Giudici, 
Cidu, Lattanzi (2013), Chem. Geol. 337-338, 1-10. 
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Unconventional hydrocarbon reservoirs such as black 

organic-rich shales are developed through the combination of 
horizontal drilling and high volume slick water hydraulic 
fracturing (HVHF). Identifying the distinct geochemical 
characteristics of the injected fluids compared to the fluids 
associated with the target formation has important implications 
for possible long-term environmental impacts, hydrocarbon 
recovery, and wastewater disposal. Here we present a new 
geochemical evaluation  of hydraulic fracturing flowback 
fluids (HFFF) from the unconventional Marcellus and 
Fayetteville Formations, which display geochemical 
fingerprints that are distinct from typical hypersaline produced 
waters collected from conventional oil and gas reservoir 
formations. The fresh water injected into the shale formations 
during hydraulic fracturing mixes with brine but also mobilizes 
sodium, lithium, and boron from exchangeable sites on clay 
minerals. The resulting HFFF is enriched in Na, Li, and B with 
distinct ranges of δ7Li and δ11B. Combined, the δ7Li, δ11B, 
Li/Cl, Br/B, and B/Cl tracers constitute new diagnostic tools 
for delineating HFFF migration in the environment. 
Particularly, these tools can distinguish possible HFFF 
wastewater impacts compared to conventional oil and gas 
wastewaters, natural sources of salinity, or other anthropogenic 
contaminants.  
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The Apollo lunar rock collection includes few single rock 

samples as complex and interesting as Apollo 17 breccia 
73217. A major component of this breccia [1] is a 
gabbronoritic cumulate that is probably at least 4.34 Ga old 
[2]. The breccia also contains a large clast of “quasipristine” 
ferroan anorthosite [3], and as a locally dominant component 
of the breccia’s groundmass, a felsic melt [1, 3, 4]. Any one of 
these components would qualify 73217 as exceptionally 
important. Yet apart from the study of [1], which focused 
mainly on pyroxene, the rock’s petrology has not been 
intensively documented. 

The Apollo 17 highland component overall includes no 
large ferroan anorthosite, even though this rock type is widely 
assumed to be ubiquitous in the highland crust, as the earliest 
magma ocean flotation crust. The 73217 thin section that [3] 
used to study the ferroan anorthosite clast happened to be 
poorly representative. It has in indistinct boundary with the 
matrix, and lacks mafic silicate clearly internal to the clast. 
From a new allocation (thin section ,45), the nature of the clast 
is far more apparent. It is a medium-grained (dimensions up to 
0.6 mm, typically 0.2-0.3) granulitic breccia. The two 
pyroxenes (dominatly low-Ca, with exsolved augite) cluster 
tightly near En63.6Wo2.9 and En41.9Wo44.9. Plagioclase 
clusters tightly at An94.0. The plag is slightly more Na-rich 
than normal for ferroan anorthosite, but that may be due to the 
complex derivation of this “quasipristine” [3] material. The 
clast’s Fe-metals cluster at 0.68 wt% Ni, 0.19 wt% Co; 
consistent with the “quasipristine” interpretation. The mode 
varies among thin sections from 80% to 100% plag. This clast 
constitutes a proven example of a large (mode clearly 
significant) ferroan anorthosite from Apolo 17. 

The felsic glass component appears to have gently 
infiltrated into the gabbronoritic matter, and remarkably 
complex textures and zoning resulted. In one locale, pyroxene 
rims (both low-Ca and high-Ca) show compositional trends 
suggestive of pure ferrosilite addition. The felsitic glass is very 
poor in FeO (typically ~0.6 wt%), but its reactions with the 
early gabbronoritic pyroxenes were complex. 
 
[1] Ishii, T. et al (1983) PLPSC 13, A631-A644. [2] Grange, 
M.L. et al (2009) GCA 73, 3093-3107. [3] Warren, P.H. et al 
(1983) PLPSC 13, A615-A630. [4] Tompkins, S. et al (1996) 
LPS 28, 1335-1336.  
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The different clans of chondrites preserve resolvable 
differences in chemical and isotopic composition; e.g., the 
chondrites can be assigned to clans defined by bulk chemistry 
and based on differences in isotopic compositions of Cr, Ti and 
Ni that were not produced by mass fractionation. 

Kallemeyn and I showed that refractory lithophile 
abundances are high in carbonaceous chondrites, intermediate 
in ordinary chondrites and low in enstatite chondrites.  As 
shown in Fig. 1, Δ17O and ε54Cr show a negative trend with the 
highest Δ17O in OC and the highest ε54Cr in CC. Thus both 
refractory abundance and isotopic compo-sition fully resolve 
the three clans. 

Despite the fact that solar-system processes can produce 
non-mass dependent fractionation of O isotopes, there is no 
mechanical model explaining how to fractionation all the O in 
the terrestrial planets. Because stars produce very large frac-
tionations in O it is highly likely that the meteoritic variations 
are of stellar origin. It seems clear that the 54Cr fractionation is 
a nuclear effect produced in stars. 

Thus the solar nebula was never mixed. If chondrite clans 
formed inside 3 AU, clans much have formed sequentially.  

Planetesimals formed when nebular turbulence was low. If 
turbulence was mainly the result of high levels of acction to 
the nebula, a simple scenario is that, during periods of high 
accretion, no planetesimals formed. When accretion was at a 
minimum planetesimals formed. Later enhanced accretion 
occurred again, and the process repeated. This episodic 
accretion model offers the simplest and best explanation of the 
compositional differences among chondrites. 

 

Fig.1. 
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To advance understanding of Ni isotope cycling in 
terrestrial and marine settings and to establish a basis for 
interpreting signatures in nature, we are combining simple-
system experiments with analysis of natural samples to 
quantify Ni isotope fractionation during key abiotic reactions 
governing the distribution of Ni near the earth’s surface. 

Samples from a laterite profile in Democrat, North 
Carolina, display distinctive isotope systematics suggesting a 
mechanism to explain the heavy Ni isotopic compositions of 
riverine waters recently reported by Cameron and Vance 
(2014, GCA 128, 195). Fe-oxide rich weathering residues from 
the top of the laterite profile, from which substantial amounts 
of Ni have been leached, are slightly depleted in heavy 
isotopes of Ni relative to unweathered, ultramafic bedrock. 
Meanwhile, veins of late-stage, Ni- and Mg-rich silicates that 
cut through lower layers of the laterite and precipitated from 
downwardly mobilized, dissolved Ni from the upper 
weathering residues are up to 1 ‰ heavier in δ60/58Ni than the 
oxidized laterite. Our hypothesis is that isotopically light Ni is 
retained in the Fe- and Mn-oxide rich layer through adsorption 
and co-precipitation with these phases. The isotopically heavy 
complement is mobilized downward and outward, eventually 
contributing to riverine dissolved load. 

To test this hypothesis, we have experimentally determined 
how Ni isotopes fractionate during (1) sorption to 2-line 
ferrihydrite, (2) co-precipitation with ferrihydrite, (3) 
adsorption occurring after and during time-induced partial 
conversion of ferrihydrite to goethite, and (4) sorption to 
birnessite (Mn-oxyhydroxide). In all experiments with 
ferrihydrite, regardless of fraction sorbed or duration of 
ferrihydrite aging, Ni associated with ferrihydrite was 0.3 ‰ 
lighter than coexisting dissolved Ni. The largest fractionation 
occurs during sorption to birnessite: sorbed Ni is isotopically 
lighter than dissolved Ni by 1.4‰, in terms of δ60/58Ni. The 
magnitude of fractionation is independent of the proportion of 
Ni sorbed, suggesting an equilibrium isotope effect, likely 
driven by a difference in Ni’s coordination chemistry between 
solution and surface. Thus our experiments support the 
hypothesis that adsorption and co-precipitation of Ni with 
oxyhydroxide phases in weathering profiles leads to 
mobilization of dissolved Ni enriched in heavier isotopes.  
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Understanding of the genesis of hydrothermal copper ore 
deposits requires robust knowledge of the transport properties 
of Cu in aqueous fluids over a wide range of pressure and 
temperature. The aim of this study is to combine experimental 
and computational techniques to investigate the Cu solubility 
and complexation in sulfur-bearing fluids at high temperatures 
and pressures.  

Synthetic CuS crystals were equilibrated in aqueous  NaCl 
± HCl solutions at 500 and 600 °C and pressures up to 650 
MPa using modified hydrothermal diamond-anvil cells [2]. 
Dissolved Cu concentrations, determined from confocal 
synchrotron-radiation X-ray fluorescence (XRF) spectrometry 
at equilibrium conditions, ranged between 25 ppm at 500 °C, 
320 MPa and 338 ppm at 600 °C, 445 MPa. Cu solubility 
increased with temperature along an isochore and decreased 
with pressure at constant temperature. Chlorine-richer fluids 
yielded higher dissolved Cu contents.  

Cu complexation was studied by in-situ X-ray near-edge 
absorption structure (XANES) and Raman spectroscopy at 
comparable conditions to the XRF experiments. The XANES 
spectra are in good agreement with CuCl2

– complexes in 
solution [3], whereas the Raman spectra clearly show a 
different shape than expected for purely Cu–Cl bands [4]. We 
tentatively interpret those as mixed Cu–Cl–HS/H2S complexes, 
which will be verified by ab-initio molecular dynamics 
simulations with subsequent quasi-normal mode analysis. 

 
[1] Hedenquist & Lowenstern (1994) Nature 370, 519-527.  
[2] Schmidt & Rickers (2003) Am. Mineral. 88, 288-292.  
[3] Fulton et al (2000) Chem. Phys. Lett. 330, 300-308.  
[4] Applegarth et al (2014) J. Phys. Chem. B 118, 204-214. 
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Results of H2O-saturated phase equilibrium experiments on 

two rhyolite liquids that are buffered at the Ni-NiO buffer 
demonstrate an effect of dissolved melt H2O concentrations on 
Fe-Mg partitioning between orthopyroxene and low-MgO 
liquids.  Experimental conditions range from 825-900°C, 40-
250 MPa(PH2O), and 1-5 wt% H2O. The results of the 
experiments show that at high melt H2O contents, Fe-MgKD 
values increase, resulting in Fe-rich orthopyroxene, whereas at 
low melt H2O contents, Fe-MgKD values decrease, resulting in 
Mg-rich orthopyroxene. Previous H2O-saturated phase 
equilibrium studies on basalts (e.g., Gaetani & Grove, 1998), 
where fO2 is buffered, show that dissolved melt H2O contents 
exert no resolvable effect on Fe-MgKD values. However, the 
results of H2O-saturated, fO2 buffered phase equilibrium 
experiments on rhyolite liquids (e.g., Tomiya et al., 2010) are 
consistent with the results of this study, which show that 
dissolved melt H2O has a strong effect on orthopyroxene-liquid 
Fe-MgKD values in liquids with low concentrations of MgO (e.g., 
rhyolites). It is proposed that the effect of dissolved melt water 
concentration on the composition of orthopyroxene is 
analogous to that for plagioclase; in the latter case, dissolved 
hydroxyl groups preferentially speciate with Na+ vs. Ca2+, 
which reduces the activity of albite relative to anorthite at high 
melt water concentrations. Similarly, it is proposed that 
dissolved hydroxyl groups preferentially speciate with Mg2+ 
vs. Fe2+, thus reducing the activity of the enstatite component 
at high melt water concentrations. It is further proposed that 
the effect of dissolved water on orthopyroxene-liquid Fe-MgKD 
values is strongest in rhyolite melts because of their relatively 
low MgO concentrations, where the speciation of dissolved 
hydroxyl groups with Mg2+ affects a relatively large proportion 
of the total Mg2+ in the melt. The results of this study 
demonstrate that reversely zoned pyroxene (i.e., Mg-rich rims) 
observed in dacites and rhyolites (low MgO liquids) may be 
the result of degassing of dissolved melt H2O and is not always 
a sign of mafic magma recharge. 
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Earth's mantle contains ~60% of our planet's nitrogen and 

holds on to it tenaciously [1]. Beyond this broad constraint, 
however, little is known about N transport into or out of the 
mantle, nor about the cause and persistence of N isotopic 
heterogeneity over vast time periods. For these reasons, we 
have initiated an experimental study of the diffusion 
characteristics and solubility of N in the major silicate phases 
of the mantle, beginning with olivine. 

Oriented slabs of San Carlos olivine (~1×3×3 mm) were 
prepared with one surface (010) polished using colloidal silica. 
Diffusion experiments were set up by placing olivine slabs in 
pressure-sealing Ag containers surrounded by 15N-labeled 4-
aminobutyric acid, which is ~6 mole% 15N (use of 15N 
eliminates the risk of environmental contamination and enables 
measurement of N in olivine using nuclear reaction analysis). 
The Ag containers were subjected to 1 GPa pressure and 750-
850°C in a piston-cylinder apparatus for several days. The 
aminobutyric acid is believed to have decomposed almost 
immediately during the high P-T treatment to graphitic residue 
and N-bearing C-O-H fluid, which served as the source of N 
diffusing into the olivine. After quenching the experiments and 
extracting the intact olivine slabs from the Ag containers, the 
polished surfaces were depth-profiled for 15N concentration 
using the 15N(p,α γ)12C nuclear reaction. The resulting 
diffusive-uptake profiles reveal near-surface N concentrations 
of 500-1000 ppm and diffusivities of ~3E-22 to 3E-21 m2/s. 
The small temperature range covered to date precludes 
accurate estimate of the activation energy for diffusion, but it 
is loosely constrained at 240±100 kJ/mol. 

The speciation of N diffused into San Carlos olivine and 
the likelihood of its subsitution on normal lattice sites are 
currently unknown. However, the reducing conditions of the 
experiments (elemental C present) and the high apparent 
solubilities probably argue against N-O species or large NH4

+ 
ions. The preliminary data suggest that diffusive transport of N 
in the mantle by volume diffusion may be limited to length 
scales of tens of centimeters in 100 MYr. 
 
[1] Cartigny and Marty (2013) Elements. 9, 359-366. 
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Phosphorus is conspicuously missing from the long list of 

elements whose diffusion properties in Mg-rich olivine have 
been charcterized in a systematic way. To address this gap, we 
conducted an experimental study of P diffusion using oriented 
slabs (~1×2×3 mm) of San Carlos olivine (SCO) cut from 
~cm-sized pieces and finished on one face with at least 4 hours 
of polishing with colloidal silica, which removes any possible 
lattice damage caused by the cutting and coarse grinding 
processes [1]. The experiments were run at 650-850°C in 
evacuated silica glass ampoules, using the powder-source 
method and controlling oxygen fugacity with solid-state 
buffers. For most experiments, the powder source for P was a 
finely-ground, 60:40 mixture of SCO and AlPO4 that had been 
pre-reacted at 900°C for 16h. The experiments were run for 
~3-70 days, depending on temperature; the total of 20 
experiments included a time series at 825°C, fO2 buffered at Ni-
NiO and WM, different lattice orientations of the olivine slabs, 
and one experiment run with a P source consisting of ground 
San Carlos peridotite pre-reacted with AlPO4. Phosphorus was 
profiled in the quenched experiments by RBS and by NRA 
using the 31P(α,p)34S nuclear reaction. 

The Arrhenius parameters for P diffusion in San Carlos 
olivine are: D0 = 7.5×10-11 m2/s; Ea = 228 kJ/mol, with no 
detectable dependence upon crystallographic direction, oxygen 
fugacity, or mineral assemblage mixed with the phosphate 
source. The activation energy is similar to reported values for 
Fe-Mg interdiffusion [e.g., 2], Li diffusion at concentrations of 
1-10 ppm [3], and cation vacancy diffusion [4]. However, the 
P diffusion law falls ~2 orders of magnitude below the lowest 
reported relation for Fe-Mg interdiffusion, making P a 
relatively slow-diffusing species — a fact that seems consistent 
with observations of delicate P zoning preserved in terresrial 
and meteorite olivines [e.g., 5]. 

Models addressing P diffusion in olivine during various 
crystal-growth and annealing scenarios will be explored. 
 
[1] Cherniak et al (2014) Chemical Geology (in press). [2] 
Chakraborty (1997) J. Geophys. Res. 102, 12317-12331. [3] 
Dohmen et al (2010) Geochim Cosmochim Acta 74, 274-292. 
[4] Kohlstedt & Mackwell (1998) Zeit. Phys. Chem. 207, 147-
162. [5] Milman-Barris et al (2007) Contrib. Mineral. Petrol. 
DOI 10.1007/s00410-0268-7. 
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Iron-nickel alloys are the main component of iron 

meteorites, as well as important features in many chondrites.  
Chemical zoning and isotopic fractionation has been observed 
in metal found in both types of meteorites. Understanding the 
processes that contribute to this zoning and fractionation is 
important to model the formation and evolution of these 
planetary building blocks. The process of diffusion can create 
chemical signatures in Earth and planetary materials that help 
constrain an objects thermal history. Diffusion can also lead to 
the fractionation of stable isotopes within a material that can be 
described by the expression D1/D2 = (m2/m1)β where D1/D2 and 
m2/m1 refer to the ratios of diffusion coefficients and masses of 
isotopes 1 and 2, and β is an empirical factor observed to be 
0.5 for self diffusion in an ideal gas.  

Experiments were performed to determine the diffusive 
fractionation of Fe and Ni isotopes within Fe-Ni alloys 
pertinent to metal phases in meteorites. Iron-nickel inter-
diffusion experiments were conducted as diffusion couples in a 
piston-cylinder apparatus at 1GPa and 1200o C-1400o C for 
durations between 24 and ~260 hours. Concentration profiles 
were measured using the Cameca SX 100 electron microprobe 
at RPI and Fe-Ni interdiffusion coefficients were extracted 
from these profiles. Iron and nickel isotope profiles were 
measured using the Cameca ims 1280 ion microprobe at the 
University of Hawaii. Multi-spot profiles parallel to the 
microprobe path were measured and referenced to the isotopic 
composition of the starting materials. A series of iron-nickel 
alloys were synthesized and used to determine matrix effects.  
Preliminary results indicate that β is approximately 0.4 for Fe 
and 0.25 for Ni at the conditions studied.   
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It is well accepted that the Earth formed by the accretion 

and collision of small (10-100km) planetesimals. Isotopic 
evidence in meteorites suggests that the cores of these 
planetesimals formed within a relatively short time frame of a 
few million years. While a hot, deep magma ocean is a likely 
driving mechanism for core formation in large planetary 
bodies, it does not adequately explain differentiation and core 
formation in small planetesimals where wide-scale melting 
likely did not occur. In this case, efficient core formation 
requires that the metallic liquid is sufficiently well connected 
throughout a solid silicate matrix such that percolative flow is 
possible. At textural equilibrium, metallic melts are 
disconnected and unable to flow within an olivine matrix 
below a percolation threshold of 5-10 vol%. Shear deformation 
may act to increase connectedness of melt and permeability at 
or below this threshold, and thus may have contributed to rapid 
and efficient formation of planetesimal cores.  

Experiments were performed to determine the effect of 
shear deformation on the distribution and permeability of core 
forming melts within a solid olivine matrix.  Pre-synthesized 
samples of San Carlos olivine with 5-10 vol% FeS or FeSi 
were loaded into a rotational Drickamer apparatus at Sector 13 
(GSE-CARS) at the Advanced Light Source. The samples 
were compressed to 2GPa, heated up to ~1200°C to melt the 
metallic phase, and then deformed by twisting the sample 
through several full turns. Three-dimensional images were 
collected in-situ using X-ray microtomography at regular 
intervals during the deformation to monitor the evolution of 
the microstructure and melt distribution. Fluid flow 
simulations using a lattice Boltzmann method were performed 
on the resulting digital volumes to calculate the permeability of 
the samples. The starting materials and post-run products were 
also examined by backscattered electron imaging to provide 
sub-micron resolution images. Although there is a clear 
evolution in the texture and distribution of melt in the 
deformed samples, the 3-dimensional flow simulations do not 
show a marked increase in permeability of samples bearing ~5 
vol% melt. This is potentially a result of melt channels and 
networks created during deformation being too narrow to allow 
for efficient percolation.  
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Understanding how toxic metals such as cadmium (Cd2+) 
adsorb to mineral surfaces could lead to improved methods for 
attenuating contaminants in surface and groundwater. Metals 
may adsorb preferentially to particular mineral surfaces; for 
example, Cd2+ could adsorb more favorably to the (100) 
surface of gibbsite than it does to the (001) surface.1 If so, then 
synthetic gibbsite accentuated (100) surfaces could be used to 
diminish Cd2+ contamination in the environment. Experimental 
methods for studying adsorption have difficulty differentiating 
the sites of preferential adsorption onto minerals. However, 
computational chemistry techniques can provide results to 
compare with experimental data to distinguish which surface 
sites are most reactive towards adsorbing metals.1 

This study presents results from periodic planewave 
density functional theory (DFT) calculations of the (001) and 
(100) surfaces of gibbsite and kaolinite, respectively. Cd2+ was 
added to the surface models through mono-, bi-, or tridentate 
inner-sphere or outer-sphere interactions. The effects of 
surface charge (i.e., protonation) and hydration were used as 
variables to determine their effects on the calculated energies 
and structural results. Here, we report the calculated Cd—Al 
distances, relative energies, and adsorption energies for Cd2+ 
adsorbed onto the (001) and (100) surfaces of gibbsite and 
kaolinite models; it is possible to compare the former results 
with XAFS data.2 

In addition, ongoing work involves the calculations of 
XANES and NMR properties of suitable candidate structures 
extracted from optimized periodic models. The results are 
compared with appropriate data.  

 
[1] Kubicki et al (2008) Geochem. Trans. 9(4). [2] Gräfe et al 
(2007) J. Colloid Interface Sci. 315, 21-32. 
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Recent studies of magmatic-hydrothermal skarn deposits 

[1,2] have investigated the use of Fe-isotopes to trace fluid 
sources. The authors conclude that the isotopically light 
composition of ore minerals, compared with intrusive stocks, 
support Heimann et al’s (2008) model of Fe(II)-bearing 
exsolved ore fluids being isotopically lighter than the source 
magmas. 

Our  results for minerals from the world class Renison Sn 
deposit do not support the theory that the first minerals 
deposited from a magmatic-hydrothermal solution are 
isotopically lighter than the source pluton (Fig1). We contend 
that our results are consistent with previous 18O and H/D work 
[4] suggesting that the ore-forming fluid equilibrated with the 
granite prior to ore formation. 

Apparent fractionation factors between mineral pairs yield 
fluid temperatures broadly consistent with fluid inclusion work 
[4,5], but are spatially inconsistent with 18O and 34S isotope 
models of fluid evolution [5]. In situ analysis of mineral pairs 
may help to resolve fractionation processes at the mineral 
scale. 

 
Figure 1. δ57Fe compositions in per mil for magmatic-
hydrothermal minerals and host granite from the Renison Sn 
deposit.  
 
[1] Wang et al (2011) Ore Geology Reviews 43 194-202. [2] 
Cheng et al (2014) Gondwana Research in press. [3] Heimann 
et al (2008) Geochem Cosmochim Acta 72 4379-4396. [4] 
Patterson et al (1981) Econ Geol 76 393-438. [5] Kitto (1994) 
Unpublished PhD Thesis. 
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The Beebe hydrothermal field is the world’s deepest 
hydrothermal vent site at ~5000 metres below sea level on the 
ultra-slow spreading mid-Cayman rise. The fluid venting at 
Beebe is supercritical due to stable high temperatures of 
~401ºC and a low salinity of  ~2 wt% NaCl. This salinity 
indicates phase seperation has occurred, requiring higher 
temperatures at depth. As such, the site offers a unique 
opportunity to study minerlization and hydrothermal processes 
in-situ, at P-T conditions normally expected deep within the 
crust. 

The hydrothermal system shows two distinct mineral and 
chemical assemblages. Focussed vent chimneys, those with a 
single or few active orifices, contain less than 1 wt% zinc and 
display a simple mineralogical assemblage of chalcopyrite in 
the chimney inner wall, through to bornite and then a 
pyrite/anhydrite mixture on the exterior. So-called “beehive” 
chimneys, which are more uniformly permeable and vent fluid 
from many smaller orifices, are zinc-rich and display an 
assemblage of sphalerite, pyrite, marcasite and pyrrhotite. 
Samples of mound talus are almost exclusively pyrite, with a 
subordinate assemblage of oxides, sulfates and chlorides. The 
asymetrical morphology of the sulfide mound and  talus is 
strongly contolled by its location atop a volcanic edifice and 
position adjacent to a prominent fault scarp, with virtually all 
the talus spreading down-slope towards the west, whilst east of 
the field is sulfide-free. Metalliferous sediment collects in 
depressions below the vent sites that shows limited pelagic or 
hemipelagic input, preserving relatively high copper and zinc 
contents. 

The extreme physical conditions found at Beebe make it an 
ideal end-member seafloor hydrothermal system for the study 
of metal mobility, hydrothermal circulation and VMS 
formation under high pressure supercritical conditions. 
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While it is well established that microorganisms influence 
geochemical cycling, the role viruses play in geochemical 
cycles and metal transport is poorly understood in terrestrial 
subsurface systems. Here, we investigated production of 
viruses in relationship to subsurface carbon biogeochemistry 
and the potential to adsorb heavy metals. Subsurface sediment 
slurries collected in NE were amended with 13C labeled 
organic carbon (OC) as acetate and nitrate. Biostimulation 
resulted in viral production concurrent with acetate 
oxidation,13CO2 production, and nitrate reduction.  
Interestingly, change in viral abundance was positively 
correlated to OC consumption (r2=0.63) and 13CO2 production 
(r2=0.66) whereas change in cell abundance was not 
implicating viral lysis of metabolically active cells. These 
results were not artefacts of bottle experiments. An in situ 
biostimulation experiment (O2 injection) in a shallow aquifer 
near Rifle, CO, resulted in an increase in the virus to cell ratio 
(from 6.4±3.3 to 15.5±4.0) in association with variation in 
groundwater Eh and OC. This further supports our result that 
viruses are produced in response to OC or stimulation of 
metabolic activity. In addition to geochemical cycling, phage 
have the potential to adsorb and transport heavy metals. Metal 
adsorption experiments conducted using a model 
bacteriophage, Escherichia coli phage T4, demonstrated Zn2+ 
adsorption. Zeta potential analysis further demonstrated the 
surface of phage T4 is naturally electronegative capable of 
adsorbing positively charged ions (cations). Interestingly, the 
presence of Zn2+ significantly increased infectivity relative to 
unamended controls (ANOVA p<0.05). As such, viruses 
should also be considered as biological agents influencing 
biogeochemical cycling and metal transport in the subsurface. 
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Isotopic analysis can provide insight into a diverse array of 
processes, particularly when coupled with other methods. In 
this presentation, I will review isotopic tracer methods used to 
gain insights into microbial function. In the past decade, stable 
isotope probing (SIP) has become an important set of tool for 
linking microbial identity to function in complex microbial 
communities. SIP was originally the designation for methods 
that determined what microbes incorporated a label substrate 
using high velocity centrifugation to separate DNA based on 
the extent of labelling. More recently, SIP has evolved into a 
range of methods for identifying the fate of the label. New 
approaches include direct imaging of microbial cells, which I 
refer to as nanoSIP; the use of microarrays to isolate microbe-
specific 16s RNA for isotopic analysis, which our group has 
dubbed chipSIP; protein-specific isotopic analysis, referred to 
as protein-SIP. Much of my talk will focus on nanoSIP and 
chipSIP, which our group performs with a Cameca NanoSIMS 
50, a high spatial resolution secondary ion mass spectrometry 
(SIMS) instrument. I will talk about SIP methods in the 
context of my interest in microbial mats and insect hindguts. A 
shared feature of this research is that it is multidisciplinary. In 
the collaborations I participate in, we combine SIP 
experiments with other physical and chemical data, 
sequencing, time course and manipulations experiments, 
microscopy, focused ion beam (FIB) sectioning, catalyzed 
reporter deposition fluorescence in situ hybridization (CARD-
FISH), and elemental label FISH (EL-FISH). Combined with 
other methods, SIP methods provide critical insight into 
microbial function, particularly in complex systems. 
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Little is known about the optical significance of brown 
carbon (BrC), including the importance relative to black 
carbon (BC) and influence on direct radiative forcing by 
aerosols. The vertical profile of BrC affects its radiative 
forcing, yet the distribution of BrC in the free troposphere is 
largely unknown. In this study, BrC absorption was directly 
measured in solvent extracts of particulate filters obtained from 
aircraft sampling over the continental USA during summer. 
BrC was observed throughout the tropospheric column (up to 
13 km) and its prevalence increased relative to BC with 
increasing altitude, indicating contributions from secondary 
sources. Closure analysis showed good agreement between 
light absorption from BC plus BrC relative to measured total 
aerosol absorption. A radiative transfer model indicated that 
BrC absorption reduced top of atmosphere aerosol forcing by 
~20% suggesting that it is an important component of direct 
aerosol radiative forcing in the background continental 
troposphere. 
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Augustine is an island-arc volcano situated 290 km from 

Anchorage, Alaska; it emits low-K, calc-alkaline magmas 
containing up to 8 wt% H2O, 1 wt% S, 0.78 wt% Cl, 0.5 wt% 
F, and 0.14 wt% CO2.  Eruptions of Augustine during the past 
2100 years involved magmas that exsolved vapor ± brine 
before and upon eruption.   

To interpret the behavior of magmatic volatiles and fluids, 
we analyzed > 300 silicate melt inclusions (MI) and > 80 
apatites from 10 Augustine eruptive units (H2O/OH were 
estimated by difference and not measured directly). The 
compositions of the apatites are interpreted with experiments 
involving rhyolitic melt, apatite, and vapor ± brine at 200 and 
50 MPa. 

The average concentrations of OH and F in the apatites 
track linearly with the abundances of H2O and F in 
corresponding MI of these 10 eruptive units. For example, the 
(mole fraction of H2O in melt) = (1.11) x (the mole fraction of 
OH in apatite) + (0.05). Apparent relationships for Cl and SO2 
between apatite and MI are less clear, however. Using 
experiments performed as part of this study allows for 
computation of the Cl concentrations of vapor or integrated 
vapor plus brine in these magmas. For comparatively deeper 
magmas (ca. 200 MPa) the fluids contained up to 30 wt% Cl, 
but as magma ascended to shallower depths (ca. 50 MPa), 
much of the Cl in the fluid(s) dissolved back up into melt, and 
hence, the shallow fluids contain an order-of-magnitude lower 
Cl concentrations. This behavior is consistent with decreasing 
(fluid/melt) partition coefficients for Cl with reduced pressure. 
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Arsenic concentrations of up to 1.17 mg/L have been 

found in a survey of pristine Antarctic meltwaters. The survey 
included seasonal meltwaters in ponds  and large ice-covered 
lakes between 77oS (Wright/Victoria Valleys) and 80oS 
(Darwin Glacier) in Victoria Land. Meltwater composition 
ranged from dilute recent ice melt to highly saline brines, 
formed by successive episodes of evaporation and freeze 
concentration. Coastal ponds at Bratina Island (78oS) typically 
had the most elevated As concentrations, showing a positive 
corelation with salinity (Figure 1).  

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Meltwater arsenic and chloride concentrations for 
the 5 different Antarctic catchments included in the survey.   

 
While arsenic concentrations are clearly elevated by the 

processes of pond evaporation and freeze concentration, 
enrichment is also moderated by the removal of dissolved As 
during this process. Geochemical modelling predicts 
precipitation of arsenopyrite under the anoxic, sulphidic 
conditions that prevail during winter freezing, and the 
formation of scorodite under oxic conditions in some ponds. In 
permanently stratified, ice-covered lakes, such as Lake Wilson 
(80oS), As is elevated in the more saline, lower water column. 
The As concentration profile across the oxic to anoxic 
transition at depth, reflects active removal processes and 
highlights key differences in the geochemical behaviour of As 
and other oxyanions; Mo and U.   
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Introduction  

The geochemistry and microbial diversity of Antarctic 
cryoconites has been studied over a range of latitudes, 
elevations and distance from open seawater in Victoria Land; 
from the Darwin and Diamond Glaciers (Lat 80oS), to the 
upper and lower Koettlitz Glacier (Lat 78oS), and the Wright 
Glacier (Lat 77oS). Cryoconites are small, but numerous, 
aquatic aquaria enclosed in the surface ice of glaciers, which 
collectively make up an important part of the liquid water and 
biomass of inland Antarctica. They form when solar-heated 
surface sediments melt down into glacial ice. They may freeze 
solid in winter, but contain meltwater during the summer 
months, while retaining a partial or complete (usually 10-20cm 
thick) ice cover.  
Discussion of Results  

In Victoria Land, cryoconites are typically perfectly 
cylindrical holes, less than 1m diameter and approximately 
0.5m cm deep, with highly variable geochemistry; pH ranges 
from <5 to >11, and conductivity from <0.005 to >4 mS/cm. 
Major anion dominance shifts from SO4 and NO3 inland, to Cl-
dominated in cryoconites closer to open seawater; a trend 
particularly evident along the length of the Koettlitz Glacier. 
Isotopes (tritium, oxygen and deuterium) confirm the origin of 
the meltwater in the cryoconites as old glacial ice, rather than 
more recent surface snow. 

This geochemical diversity has signifciant implications for 
the role of cryoconites as refugia for microbial organisms 
during glacial maxima. Bacteria-specific automated ribosomal 
intergenic spacer analysis (ARISA) of the sediments from 
these cryoconites indicates that bacterial diversity is affected 
by pH and cryoconite size. Cyanobacteria community 
composition, however, is not influenced by cryoconite size, pH 
or geographic location. This is consistent with previous 
observations of the high degree of tolerance of Antarctic 
cyanobacteria to a wide range of environmental conditions and 
transportation mechanisms.  
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Terrestrial input is one of the most important factors to 

influence the Mo isotope cycles in the ocean, and 
understanding the variations of Mo isotope during chemical 
weathering can help to constrain the terrestrial Mo isotope 
budgets. The high precision δ98/95Mo of the weathering 
products (saprolite) of a weathering profile developped on the 
Neogene basalt in Hainan Island, South China have been 
studid. The δ98/95Mo of the saprolites show very large 
variations, ranging from -0.27±0.06 ‰ (2σ) to 0.44±0.07 ‰, 
while the fresh parent basalt has a δ98/95Mo value of ~ 0 ‰. The 
negative δ98/95Mo generally occur on the top of the profile, 
where weathering is extreme intensive, and at the bottom 
section, where Mo is relatively enriched. The positive δ98/95Mo 
generally occur in the middle section of the profile, where 
oxidant is plentiful. Robust positive correlation occurs between 
the δ98/95Mo and Ce anomaly (Ce*/Ce) on this profile, with 
correlation coefficient of 0.83 (N=19, p<0.00001). This 
indicates that the variation of Mo isotope during chemical 
weathering is largely controlled by redox status, and positive 
δ98/95Mo tend to be incorporated into the secondary minerals 
under oxide environments. This result suggests that the 
variations of the terrestrial Mo isotope is complicate, and many 
works should be done before the terrestrial Mo isotope budget 
could be well constrained. 
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Bitumen and oil generated in maturing shale can fill pore 
space, block pore connectivity, and reduce porosity. Low-
pressure N2 and CO2 adsorption techniques were used to 
quantify mesoporosity (pore size 2-50 nm) and microporosity 
(pore size <2 nm) in four New Albany Shale samples of 
Devonian age from Indiana and Illinois ranging from 
marginally mature (vitrinite reflectance Ro=0.55%) to post-
mature (Ro=1.41%). The same shale samples were 
subsequently Soxhlet solvent-extracted in refluxing 
dichloromethane and their meso and microporosities re-
measured. Finally, the same samples were extracted in 
refluxing toluene and again characterized porosimetrically.  

The maturation sequence of original, non-extracted shales 
expressed an initial increase in mesoporosity that was followed 
along increasing maturity by an intermittent decrease, and a 
subsequent increase in mesoporosity. The intermittent decrease 
in mesoporosity is consistent with partial filling of pore space 
with bitumen/oil until secondary cracking reclaims some of the 
lost open pore space from liquid hydrocarbon phases. Organic 
matter transformation is thus a pivotal cause for the observed 
evolution of mesoporosity in these original, non-extracted 
shales. 

Solvent extraction of soluble bitumen and oil from the four 
shales generally opens additional pore space for N2 and CO2 
adsorption, although the specific effects on mesoporosity and 
microporosity depend on maturity, total organic carbon (TOC) 
content, type of solvent, and grain size of the Soxhlet-extracted 
shales. The mesopore volume increases more in extracted 
samples with higher maturity, whereas the strongest gain in 
micropore volume occurs at elevated TOC content and highest 
maturity. Comparative porosities of original and Soxhlet-
extracted shale samples constrain the evolution of porosity 
along maturation and the effect of partial oil/bitumen filling of 
pores.  
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Seismic studies indicate the presence of two large-low-

shear-velocity-provinces (LLSVP) in the deep mantle [1]. 
When projected to the core-mantle boundary (CMB), 
Kerguelen and Tristan (Atlantic Ocean) are located on the 
eastern and western edges, respectively, of the tall steep-sided 
LLSVP African anomaly. The other two islands with enriched 
mantle “EM-I” signatures, Hawaii and Pitcairn, overlie the 
edges of the Pacific LLSVP. At Hawaii, the ultra-low velocity 
zone at the CMB is proposed to be the repository for enriched 
components in the mantle that are brought to the surface by 
strong mantle plumes [2]. For Kerguelen, new high-precision 
Pb-Sr-Nd-Hf isotopic compositions reveal that the archipelago 
flood basalts were derived from melting of an enriched 
component (=EM-I) in the plume source without trace of 
continental contamination. The enriched component dominates 
the chemistry of the alkalic basalts (25-24 Ma), whereas the 
older (28-26 Ma) tholeiitic-transitional basalts contain a higher 
proportion of a depleted-Southeast Indian Ridge component 
when the plume was close to the ridge. In binary isotope plots, 
Kerguelen compositions form sub-parallel trends that are 
distinctly more enriched than those from Hawaii. Kerguelen 
and Tristan carry the strongest enriched signature (DUPAL 
anomaly), whereas Pitcairn and Hawaii have a distinct, slightly 
less pronounced enriched signature. These differences indicate 
that some of the material constituting the LLSVP at the base of 
the mantle is distinct in the African and Pacific anomalies. The 
ambient deep mantle is also different beneath the Indian Ocean 
than the Pacific Ocean where it is sampled by volcanism on the 
Kea side of the trend in Hawaii [4]. In Hawaii, the EM-I 
signature has been traced back for at least 5 Ma and may be 
present as early as 45 Ma [3]. In Kerguelen, it can be traced 
back until 34 Ma on the archipelago and Northern Kerguelen 
Plateau, and until 82 Ma along the Ninetyeast Ridge [5]. These 
isotopic signals indicate that LLSVP are long-lived features of 
the deep mantle with the African anomaly present for the past 
~100 million years. 
 
[1] Ritsema et al (1999) Science 286, 1925-8. [2] Weis et al 
(2011) Nature Geosci. 4, 831-8.  [3] Harrison et al (2014) this 
meeting.  [4] Nobre Silva et al (2013) G-Cubed 14, 659-76. [5] 
Nobre Silva et al (2013) J. Pet. 54, 1177-1210. 
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Of the various chondrite groups, the Enstatite (E), 
Ordinary (O), Rumuruti (R) chondrites and the newly 
discovered grouplet of metal-rich chondrites (NWA 5492 and 
GRO 95551) [1-3], referred to here as “G” chondrites, have 
characteristics that suggest they are related. E chondrites are 
particularly intriguing having O, N, Mo, Ru, Os, Cr and Ti 
isotopic compositions similar to the Earth and Moon [e.g., 4 
and references therein]. Here we further explore these primtive 
materials. The G chondrites are the newest addition to the 
inventory of primitive materials. Although only two examples 
are known, they have remarkable characteristics including 
reduced silicates (near-pure endmember enstatite and 
forsterite) and >20 % metal, based on thin section area maps. 
The average ∆17O of the G chondrites (~0.6 ‰) is between E 
(0.03 ‰) and H (0.7 ‰) chondrite. Oxygen isotope 
compositions of chondrule silicates in the G, EH3, L3, LL3 
and R3 chondrites show considerable overlap [1, 5-8], 
suggesting a close genetic relationship and mixing between 
these materials. Although some 16O-rich material is found in 
OCs [5,7], mixing between the E, O, R, G with carbonaceous 
(C) chondrite parent bodies seems less common. The surface 
chemistry of Mercury, from MESSENGER, suggests the 
dominance of reduced Mg-rich silicates (forsterite and 
enstaite) and possibly oldhamite (CaS) [9], suggesting a link to 
G and E meteorites. Mercury’s large core may be due to 
accretion of metal-rich precursors, such as G chondrites. Other 
liness of evidence suggest E, O, R and G chondrites formed 
relatively close to the sun [10]. Thus these chondrites or their 
mixtures may have supplied materials for the emerging inner 
planets 
 
[1] Weisberg et al (2012) MaPS 47, 585-593. [2] Weisberg et 
al (2012) LPSC 43, 1463. [3] Humayun and Weisberg (2012) 
LPSC 43, 1458. [4] Javoy et al (2010) EPSL 293, 259-268. [5] 
Connolly et al (2012) LPSC 44, 2204. [6] Kita et al (2013) 
MaPS 78, 5149 [7] Kita et al (2010) GCA 74, 6610-6635. [8] 
Weisberg et al (2011) GCA 75, 6556-6569. [9] Weider et al 
(2012) EPSC abstracts 7, 713. [10] Rubin and Wasson (1995) 
Meteoritics 30, 569. 
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Marine advective fog, which is common along the coast of 

California during the summer season, is an important input to 
the hydologic cycle.  Many endemic flora and fauna are known 
to derive a significant portion of their water intake from fog 
drip. The chemistry of Pacific marine fog is poorly 
characterized. In particular, the potential for coastal ocean 
upwelling to contribute volatile organic mercury to the 
overlying atmosphere where it could be incorporated into 
cloud droplets as monomethyl mercury (MMHg) is not well 
understood. Preliminary research by this group has indicated 
that fog water inputs to certain coastal locations may 
contribute up to 99% of the MMHg flux to land compared to 
the MMHg flux in rain. Data from two sites in 2011 in Santa 
Cruz, California showed that fog water as collected with an 
active strand collector contained up to 50 pM of MMHg, with 
MMHg making up 100% of the total Hg in some samples. 
Oceanographic data during the upwelling season in Monterey 
Bay in 2012 showed that dimethyl mercury (DMHg) was 
present at the surface at about 0.1 pM, and increased to 0.5 pM 
at a depth of 200 m.  Because DMHg in sparingly soluble in 
water, a net flux of DMHg would be expected to the 
atmosphere. Arthropods collected at Elkhorn Slough near the 
Monterey Bay in 2012 showed a maximum in their total Hg 
concentration (~800 ng g-1 in wolf spiders) during August, 3 
times higher than levels seen in March and October. Based on 
these aforementioned findings and the fact that DMHg 
concentrations in the coastal ocean were highest in the low 
oxygen part of the profile, we speculate that mercury is 
methylated in the water column and/or sediments as DMHg 
and that this water is upwelled seasonally in the coastal zones 
and contributes organic mercury to overlying cloud banks, 
which has the potential to deposit onto upland terrestrial 
ecosystems. Research is ongoing through the establishment of 
a network of 7 coastal sites from Big Sur to Eureka and 
through coastal oceanographic expiditions planned for the 
summers of 2014 and 2015. 

 



 Goldschmidt2014 Abstracts  

 

2682	  

2682 

The pace of African monsoon 
evolution during the Holocene 

SYEE WELDEAB 
Department of Earth Sceince, University of California, 

Santa Barbara, CA 93106-9630, USA 
 

The notion of a vast landscape with a lavish grassland and 
seasonally migrating megafauna in today’s most hostile, 
hyperarid Sahara just 4000-5000 years ago captivates the 
general public and scientists alike [1]. The pace with which the 
African monsoon shifted from a strong early-mid to a weak 
late Holocene is critical for our understanding of climate 
dynamics, hydroclimate-vegetation interaction, and shifts of 
pre-historic human settlements, yet it is controversially debated 
[2,3]. Inconsistency between various climate records and the 
associated debate is not limited to the marginal area of the 
monsoon system but includes the core area of the African 
monsoon [4,5]. 

Here we introduce Ba/Ca in Globigerinoides ruber, a 
surface-dwelling and low-salinity tolerating species, as a novel 
proxy for runoff-induced surface freshening and hence 
hydroclimate reconstruction of riverine basins. Despite varying 
geology of the catchments, vegetation cover, and weathering 
type, data compilation shows that dissolved Ba (Badis) off 
several tropical river systems is primarily controlled by the 
amount of runoff [6]. The uptake of Badis into foraminiferal 
calcite is linearly correlated to the amount of dissolved Ba in 
the water in which the species calcify [7].  

On the basis of Ba/CaG.ruber time-series from the Eastern 
Mediterranean Sea and the Gulf of Guinea (West Africa), we 
present spatially integrated insights into African monsoon 
evolution. Our findings [8,9] demonstrate that the wet-dry 
Holocene hydroclimate transition in East and West Africa was 
markedly progressive and occurred in synchrony with that of 
the Indian Ocean monsoon climate, pointing to orbital-forced 
changes in NH summer insolation as the main driver. The pace 
of hydroclimatic changes in the Nile basin and resulting 
variation of Nile River level provides an East African climatic 
context to understand and refine the timing of occupation and 
abandonment of the settlements in the Nile Valley (Egypt).  

 
[1] Claussen, M., and V. Gayler (1997), Gl. Eco, & Biogeogr. 
Let., 6, 369 [2] Claussen et al (2013) Nat. Geosc. 6, 954 [3] 
Kroepelin et al (2008) Science 320, 765 [4] Foerster et al 
(2012) 273, 25 [5] Tiernet and deMenocal (2013) Science 342, 
842 [6] Bahr et al (2013) EPSL 383, 45 [7] Hönisch et al 
(2011) Mar. Mircopal. 79, 52 [8] Weldeab et al (2007) Science 
316, 1303; [9] Weldeab et al (in print) GRL. 
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Recent studies have shown large discrepancies in current 

bottom-up estimates of anthropogenic and biogenic non-
methane hydrocarbon emissions, leading to significant 
uncertainty in model predictions of secondary aerosol 
formation and the photochemical source for CO. Space-based 
measurements of formaldehyde and CO offer unique 
constraints on biogenic and pyrogenic reactive carbon 
emissions (in the first case) and on anthropogenic and 
pyrogenic reactive carbon emissions (in the second). Here we 
present intial results combining formaldehyde measurements 
from GOME-2 with CO measurements from MOPITT to 
exploit their complementary constraints on biogenic, 
anthropogenic, and pyrogenic emissions of NMHCs and CO 
over northern temperate regions. We evaluate the information 
provided by the combined satellite observations using a series 
of pseudo-observation experiments, and interpret our results in 
terms of the relative importance of biogenic and anthropogenic 
emissions for photochemical CO production over this part of 
the globe. Sensitivities to model uncertainty in OH and 
emissions speciation are also explored. 
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Standard petrological and geochemical models assume that 
igneous minerals crystallize in conditions near equilibrium 
over large time scales (years to thousand years) due to slow 
rates of cooling in magma reservoirs in planetary interiors. Our 
investigation of several olivine-rich rocks (oceanites from 
Piton de la Fournaise and Hualalai, gabbros from the mid-
Atlantic ridge and Rum Island, lunar basalt) reveals however 
that olivine usually crystallizes in conditions far from 
equilibrium over short time scales (minutes to weeks). The 
early rapid growth of olivine is evidenced by the occurrence of 
dendritic P-rich zoning, crystallographically aligned 
subcrystals, and inclusions of melt and Cr-spinel that 
presumably represent partial engulfment of a vestigial 
compositional boundary layer. We infer that olivine 
subsequently matures from dendritic into euhedral 
morphologies as the conditions approach equilibrium and 
growth mechanism switches from diffusion-controlled to 
interface-controlled. Our findings suggest that (1) igneous 
olivine does not crystallize in a concentric pattern from core to 
rim, but in a branching pattern from center to apices, followed 
by progressive backfilling; (2) the growth rates are not 
constant throughout crystal growth but vary from fast to slow 
(10-6 to 10-9 m/s); (3) magmas achieve high degrees of 
supersaturation with olivine, despite magmatic environments 
of slow cooling.  
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Igneous minerals respond to the thermodynamic and 

chemical evolution of magmas in which they form, and may 
preserve aspects of their environment as chemical and textural 
fingerprints. We examined clinopyroxene phenocrysts from an 
ankaramite flow of East Maui volcano (Hawaii), with the 
intention of constraining intensive conditions of crystallization. 
The crystals exhibit cryptic sector zoning with (Al + Ti + Na){-

111} = (Si + Mg + Cr + Ca){110}, {100}, {010}, crystallographically 
aligned subcrystals, and inclusions of melt and Cr-spinel – all 
features that suggest growth was influenced by component 
mobility and interface kinetics. Experiments [1] indicate that 
the pattern observed in Maui clinopyroxene occurs when 
crystals grow at high degrees of undercooling (-∆T > 45 °C). 
Evidently, basalt produced during Maui's postshield magmatic 
stage achieved rapid growth despite low cooling rate deep 
within or below the edifice. Although the clinopyroxene 
compositions are unlikely to preserve the intensive conditions 
of magma storage (and thus limiting the application of 
thermobarometry), sector zoning phenomena provides 
opportunities to constrain the time scales of crystal growth, 
from minutes to weeks (10-6 to 10-9 m/s in [1]).  
 
[1] Kouchi, Sugawara, Kashima & Sunagawa (1983), Contrib. 
Mineral. Petrol. 83, 177 – 184. 
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Timing of the collision of Paleo-Asian Ocean between the 

north margin of the North China Plate and the blocks to the 
north links to reconstruction of the tectonic evolution of Paleo-
Ocean and Continent. The Late Permian and Early Triassic 
was the important time for the tectonic evolution of the 
Great Xing’an Ranges related to the switching from the Paleo-
Asian Ocean tectonic regime to the western Pacific regime. In 
this paper, the U-Pb dating for detrital zircons of sandstones in 
Upper Permian Linxi Formation and Lower Triassic 
Laolongtou Formation in Longjiang area of the central Great 
Xing’an Ranges has been studied. The geochronogical data 
show three age populations of 280 Ma, 370 Ma and 500 Ma. It 
is suggested that the provenances should be derived from the 
volcanic rocks of the Late Devonian, Early Carboniferous and 
the Early Permian magmatic arcs and the basement of the 
blocks in the research area, respectively. The youngest U-Pb 
zircon age of 254 Ma and 247 Ma respectively for the Linxi 
Formation and Laolongtou Formation, imply that the Linxi and 
Laolongtou Formations in the central Great Xing’an Ranges 
were continuously deposited. The 1:200 000-Scale geologic 
map shows that the Triassic strata in the most areas of the 
Great Xing’an Ranges were absent. Regionally, the Late 
Jurassic Manketouebo Formation and the Baiyingaolao 
Formation overlay unconformably the Late Permian Linxi 
Formation. Considering the scattered outcrops of the Early 
Triassic strata on the surface and the bore-hole sample with 
Early Triassic age from the Can 1# drill in the Erlian Basin, we 
propose that the Early Triassic strata should develop in a larger 
area than previously considered in NE China. The reason for 
the absence of the Early Triassic strata in the most areas might 
be attributed to the subsequent regional uplifting and erosion 
due to orogenic processes. According to the detrital zircon U-
Pb age of 1800 Ma, which is the age of typical basement in 
North China Plate, from both the Linxi and Laolongtou 
Formations, along with the granitoids with 244 Ma from 
Hegenshan suture zone, and the plutons with the post-orogenic 
geochemical features from Shuangjingzi, Halatu, Dayushan 
areas as well, we conclude the final collision between the 
northern margin of the North China Plate and the blocks to the 
north took place during Late Permian to Early Triassic time. 

 
Keywords: Zircon U-Pb age, Linxi F.m., Laolongtou F.m.  
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Mineral dust is the cause for many diseases of the 

respiratory tract like silicosis, asbestosis, and formation of 
pleura plaques or tumors. Between 1978 and 2003 the main 
cause for occupational cancer diseases in Germany was 
asbestos, which was found responsible for 71.9 % of all cases 
or a total of 18487 affected individuals [1]. 

While most research has focused on distinct mineral 
particles like asbestos or different forms of silica, there are 
comparatively few mineralogical studies about the overall 
human lung dust burden.  

In a first attempt to characterize the particle content in a 
human lung, we analysed particles from a tissue sample of a 74 
year old former asbestos-exposed mechanic, diagnosed with a 
pleural mesothelioma. The tissue material was collected during 
an autopsy and analyzed after removing all organic compounds 
by low-temperature ashing. For particle identification, we 
combined the results of an automated scanning electron 
microscope (SEM) particle analysis with that from manual 
transmission electron microscope (TEM)  analysis, both with 
an energy dispersive X-ray spectrometer (EDS).   

For this sample we analysed 97 individual particles by 
TEM and 4860 by SEM, of which 3253 could be evaluated in 
terms of mineralogy. We found 1312 silicate-particles, which 
include the asbestos minerals, clay minerals and quartz, as well 
as 1799 Oxide-particles, 45 phosphate-particles, 4 sulfate or 
sulfide-particles and also 93 other mixed particles. We further 
could identify many particles as distinct mineral species like 
e.g. amosite, chrysotile, crocidolite, rutile, mullite, biotite, and 
talc. With the SEM data we observed that the mean particle 
diameters differed among the most common particle groups. 
Whereas most of the particles had an average diameter of 0.3-
1.2 µm, the 250 measured feldspar particles were dominated 
by particles with an average diameter of 1.2-2.4 µm. Generally 
the SEM results were in accordance with the TEM results and 
could be used for additional evaluation due to the large number 
of measured particles. 
 
[1]Butz, M., 2005. Beruflich verursachte Krebserkrankungen: 
eine Darstellung der im Zeitraum 1978 bis 2003 anerkannten 
Berufskrankheiten; HVBG, Sankt Augustin. 
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The East African Rift Lakes in general and Lake Malawi in 
particular, appear to be ideal systems for application of the 
TEX86 paleothermometer. A suite of recent studies have 
produced plausible high resolution temperature reconstructions 
spanning the past <70 kyr from these lakes, showing consistent 
trends of deglacial warming, a cooler Younger Dryas, and a 
warmer mid-Holocene [1-3]. While some lacustrine studies 
support the surface water source of of isoprenoid GDGTs 
[4,5], others suggest that the Thaumarchaeota producing the 
TEX86 do not live in surface waters, but rather deeper in the 
water column [6,7]. Furthermore, the potential for seasonal 
bias in the TEX86 has been suggested [4, 7]. To address the 
questions of depth and timing of isoprenoid GDGT formation, 
and the potential impact it may have on sedimentary 
paleotemperature records, we carried out a study in the water 
column of Lake Malawi. On a cruise in January 2010, we 
filtered water column samples for particulate organic matter, 
and analyzed both core and intact polar GDGTs. In addition, 
we extracted DNA for analysis of total archaeal and marine 
Crenarchaeota group 1.1a genes by quantitative PCR for 
comparison with the GDGT data. Finally, in January 2012 a 
pair of sediment traps were deployed in Lake Malawi, and core 
GDGTs analyzed to identify seasonal bias. Our results suggest 
minimal seasonal bias, but potentially maximum GDGT 
production just below the thermocline at ~50 m water depth.  

 
[1] Powers et al (2005) Geophys. Res. Lett. 32, L08706, 
doi:10.1029/2004GL022014 [2] Tierney et al (2008) Science 
322, 252-255. [3] Berke et al (2012) EPSL 351-352, 95-104. 
[4] Sinninghe Damsté et al (2009) GCA 73, 4232-4249. [5] 
Bechtel et al (2010) Org. Geochem. 41, 822-832. [6] Blaga et 
al (2011) GCA 75, 6416-6428. [7] Woltering et al (2012) GCA 
87, 136-153.  
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Since it was first proposed that the radiogenic strontium 

isotope record of past seawater composition reflects changes in 
continental inputs to the oceans, geochemists have been 
fascinated with understanding whether marine isotopic proxies 
illuminate fundamental changes in processes at Earth’s surface. 
Early euphoria about application of radiogenic strontium gave 
way to growing skepticism and eventually to a consensus that 
lithological variability may undermine interpretation. But 
continued efforts have yielded other isotopic records of 
seawater chemistry, including radiogenic Os, rock-derived 9Be, 
and stable δ7Li, that all may shed light on inputs from the 
continental surface. We consider some of the complexities and 
some of potential insights from variation in these isotope 
systems over the Cenozoic.  

We have re-analyzed the global oceanic Li cycle and 
identified the potential importance of variable fractionation 
during removal of Li from seawater as an important control on 
the past isotopic composition of the oceans. Considering a 
range of scenarios for Li supply and removal, we conclude that 
plausible explanations for the ~9% rise in seawater δ7Li most 
likely require significant increase in the δ7Li of continental 
inputs. These changes were probably associated with changes 
in denudation regime, consistent with a shift towards lower 
weathering intensities, although inferred early Cenozoic 
continental δ7Li (which could have been as high as 8-9%) does 
not require globally supply limited weathering.  

We assess the meaning of Li isotope variations in the 
context of other isotopic records and dynamics of the long-
term global carbon cycle. Is decreasing weathering intensity 
consistent with the 9Be record, which implies relative stability 
in long-term weathering flux at least for the Neogene? If 
radiogenic Os reflects the weathering of shales that contain 
abundant pyrite and organic carbon, does the increasingly 
radiogenic seawater Os reflect enhanced release of CO2 from 
the sedimentary reservoir? How important might such C 
release be in reconciling the Cenozoic records? We consider 
current knowledge that helps address these questions and 
speculate on how further work might answer them. 
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Major mysteries remain unsolved about the dynamics of 

organic carbon erosion and transport in large river systems that 
encompass actively eroding headwaters and extensive 
depositional floodplains. These rivers account for the largest 
point sources of carbon to the oceans and are important in 
linking tectonics to the organic fluxes in the global carbon 
cycle. Growing literature has focused on mechanisms of 
organic carbon erosion in mountainous settings and 
preservation in sediments. In this work, we turn attention to  
the role of floodplains and consider the relative importance of 
lowland versus mountain environments in determining the total 
fluxes and composition of organic matter exported by rivers. 

We have assessed the roles of mountain and floodplain 
erosion of carbon across the transition from the Andes to the 
foreland Amazon floodplain in southeastern Peru. We tracked 
organic carbon sources using hydrogen isotope (D/H) and 
radiocarbon (14C) composition of terrestrial-derived leaf 
waxes separated from particulate organic carbon (POC) in 
river sediment. D/H ratios identify elevational source of POC 
because they carry the fingerprint of precipitation D/H that 
varies systematically with elevation. POC in lowland rivers is 
dominated by leaf waxes with low elevation D/H signals. A 
maximum contribution of ~10% high elevation leaf waxes to 
POC at low elevations reflects the much larger lowland area. 
Observed variability is too large to use the D/H to distinguish 
whether high-elevation POC is replaced or simply 
overwhelmed by lowland material, but either way montane 
organic matter comprises a small proportion of the total flux. 

Radiocarbon ages of leaf waxes from POC are young in 
mountain headwaters (as young as <500 yrs old) and increase 
across the floodplain (up to >1000 yrs). Leaf waxes from soil 
organic horizons are all very young (>modern radiocarbon), 
independent of elevation. The older signal in river sediment 
POC is likely sourced from mineral soils that are progressively 
more aged downstream, implying increased average residence 
time despite the large total organic carbon flux from the 
lowlands. 
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The apatite iron oxide (IOA) deposits in the vicinity of 
Kiruna in northern Sweden have been mined and studied for 
over a century; however, their genesis remains poorly 
understood. One hypothesis is that these deposits are the result 
of immiscible liquid iron oxide melts. Alternatively, they have 
been interpreted as the result of hydrothermal fluids mobilizing 
the Fe and and then concentrating it in these massive iron 
oxide deposits. Advocates of the latter suggest similarities of 
IOA deposits with the iron oxide copper gold (IOCG) class of 
deposits. This study is the first to combine detailed in situ U-
Pb dating on accessory minerals with tracer isotope 
geochemistry on the whole rock and mineral scale to explore 
the different hypotheses. 

U-Pb dates of zircon from host rocks confirm previously 
reported dates of ~1880 to ~1900 Ma, however, our dating of 
the metavolcanic host rocks of the main ore body at 
Kiiurnavaara more accurately at c. 1887 Ma and c. 1882 Ma. 
Syenitic and granitic intrusions in close proximity of the ore 
body have also been dated for the first time, at c. 1880 and c. 
1875 Ma. Zircon found within the ore body Kiirunavaara itself 
shows a very distinct appearance from the magmatic host rock 
zircon grains: ore zircons consist of an oscillatory zoned core 
(c. 1878 Ma) that is overgrown by an inclusion-rich rim with 
highly discordant U-Pb dates. Monazite from the ore samples 
has been dated to c. 1628 Ma. The oxygen isotopic 
composition has further been determined on dated zircon 
grains. This confirms a significant difference between zircon 
grains from metavolcanic host rocks and intrusions (δ18O 
~3‰) and zircon grains from the ore samples (δ18O ~7‰). 
Whole rock Sm-Nd data shows a similar picture with an εNd 
of ~ -6 for host rocks and εNd ~ -3 for the ore.  

The combination of the isotopic differences between ore 
and host rocks with the young monazite age suggests a 
secondary event influencing the ore, but not the host rocks. 
The nature of this event and its relation to the ore formation is 
still under investigation.  
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We report on the analyses of seven particles of probable 
interstellar origin, discovered as part of the Stardust Interstellar 
Preliminary Examination (ISPE). The particles were 
discovered in the Stardust Interstellar Dust Collector (SIDC), 
which was exposed to the interstellar dust stream for  200 days 
onboard the Stardust spacecraft The SIDC consisted of silica 
aerogel (85%) and aluminum foils (15%).  

The ISPE consisted of six parallel projects [1]. Impacts in 
aerogel were identified in stacks of high-resolution optical 
micrographs, acquired using an automated microscope.  
>30,000 citizen scientists collectively conducted ~108 searches 
of the optical data using an online virtual microscope [2].  We 
used automated SEM imaging and both visual and automated 
techniques to identify impacts in the foils [3]. Impact residues 
were analyzed by EDX and Auger spectroscopy. Particles were 
extracted from aerogel tiles using automatically controlled 
glass needle [4]. We analyzed impacts in aerogel using 
synchrotron-based infrared [5] and X-ray microprobes [6–10].  
Laboratory simulations of impacts of interstellar dust [11] and 
numerical modeling of dust propagation in the heliosphere [12] 
supported the interpretation of the observations. 

We identified three impacts in aerogel and four impacts in 
aluminum foil that are likely to have an interstellar origin. The 
particles show large diversity in composition, and in optical 
properties as derived from the impact speeds. The fluence of 
large particles ~1/10 of that expected, which may be consistent 
with an aggregate structure of a large fraction of dust in the 
local interstellar medium. 

 
[1] Westphal et al (2014a) Meteoritics and Planetary. Science 
(MaPS), in press. [2] Westphal et al (2014b) MaPS in press. 
[3] Stroud et al (2014) MaPS in press. [4] Frank et al (2014) 
MaPS in press. [5] Bechtel et al (2014) MaPS in press. [6] 
Butterworth et al (2014) MaPS in press. [7] Brenker et al 
(2014) MaPS in press. [8] Simionovici et al (2014) MaPS in 
press. [9] Flynn et al (2014) MaPS in press. [10] Gainsforth et 
al (2014) MaPS in press. [11] Postberg et al (2014) MaPS in 
press. [12] Sterken et al (2014) MaPS in press. 
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The sands and muds of the Permian-age Central Oklahoma 

Aquifer (COA) experienced a rich depositional and diagenetic 
history of fluid-rock interactions, leading to the formation of 
abundant nanoparticulate iron oxides and clays.  Paleo fluid-
rock interactions were also responsible for distributing 
potentially toxic elements such as arsenic, chromium, and 
uranium. Extracted groundwater from these rock units 
frequently contains concentrations of these elements 
considered unsafe for public consumption. Deeper 
understanding of both diagenetic paleo-hematite nanoparticle 
precipitaion and present-day mineral-water interactions remain 
key to development of strategies for the efficient and safe use 
of COA groundwater. 

To this end, we combined studies of samples from the 
USGS/EPA Norman Arsenic Test Hole core, outcrop samples, 
and mineral colloids collected from groundwater wells using 
custom-designed subsurface colloid collectors. Core and 
outcrop materials were investigated by bulk and clay powder 
XRD, bulk chemistry, selective extractions, optical 
microscopy, and SEM. Additionally, selected core samples 
with clear evidence of localized bleaching and iron 
mobilization were selected for further investigations of 
diagenetic processes, including thin section petrography and 
electron probe microanalysis. Results indicate that As 
dominantly associates with hematite and goethite nanoparticles 
and Cr more strongly associates with clays.  

Colloidally transported minerals collected in monitoring 
wells directly onto TEM grids varied significantly with well 
screen depth. TEM and SEM imaging, electron diffraction, and 
EDS analyses demonstrated clays and nanoparticulate iron 
oxides were most abundant, although the most shallow well 
included Fe-Cr rich nanoparticles associated with micron-scale 
elemental sulfur grains. In experiments with outcrop samples, 
abundant clays were released as colloids at all pH values, but 
goethite was preferentially released for pH>8. Ongoing 
research seeks to link lab and field studies of mineral/colloid 
distribution and chemistry to determine the processes 
responsible for trace element sequestration and transport. 
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In South and Southeast Asia, estimates of more than 100 

million people are being chronically exposed to arsenic (As) 
through the regular consumption of contaminated groundwater 
[1]. The reduction of iron oxyhydroxides by microoorganims 
releases inorganic arsenic adsorbed onto the sediment into the 
groundwater, but many questions remain about which 
organisms and substrates are most important in affecting As 
concentrations. In particular, the origin of the organic carbon 
that is driving the dissimilatory reduction has only been 
directly determined at one site. This study aims to further 
elucidate the organic carbon sources that stimulate anaerobic 
bacterial communities.   

We characterized the indigenous bacterial community via 
measuring phospholipid fatty acid (PLFA) abundances, 
distributions and carbon isotopic compositions (δ13C and Δ14C) 
in the local groundwater collected from two villages in 
Bangladesh. These sites exhibit a range of groundwater arsenic 
concentrations relative to depth. Preliminary results of PLFA 
analysis of sediment core samples reveal cell density estimates 
ranging from 3.9 x 106 to 1.1 x 107 cells/gram of sediment, 
typical of aquifer environments. Initial data reveal a possible 
correlation between cell density estimates and arsenic 
concentration in the groundwater at one site. PLFA 
distributions are indicative of typical anaerobic microbial 
communities. Stable and radiocarbon isotopic compositions of 
these PLFAs, and comparison to isotopic compositions of 
potential carbon sources (DOC, TOC, DIC) is ongoing and 
will be used to identify the carbon substrates most important to 
these communities.   
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Thousands of abandoned gold mining sites with elevated 

levels of soil arsenic are present throughout the state of 
California. The primary risk pathway of concern is incidental 
soil ingestion. Assessment of risk by the use of total soil 
arsenic (As) is insufficient and can be misleading due to the 
wide range of soil properties that control the bioavailability of 
As. The aim of the current study is to measure the potentially 
bioavailable fraction of As in gold mine tailings from 
California. Twenty-five samples were collected with total As 
ranging from 15.3 to 12,095 mg/kg As. The OSU in vitro 
method (OSU-IVG) and Relative Bioavailability Leaching 
Procedure (RBALP) with glycine were used to measure the 
bioaccessibility of As in the samples.  Gastric extractable (GE) 
As in the OSU-IVG ranged from <2% to 9.3% with a mean of 
4.2% and GE in the the RBALP ranged from <2% to 14.4% 
with a mean of 3.6%. In vitro extractable As was compared 
with swine relative bioavailability (RBA) for twelve of the 
twenty-five samples, which ranged from 4.0% to 24% with a 
mean of 16%. The results demonstrated that both in vitro 
methods greatly underestimate RBA for these soils. As a 
result, additional extractions were evaluated to conservatively 
estimate RBA for gold mine soils. The extractions included a 
modified OSU-IVG and sequential extraction procedure (SEP) 
which fractionated As into 5 pools: F1, non-specifically 
sorbed; F2, specifically sorbed; F3, amorphous and poorly 
crystalline oxides of Fe and Al; F4, well-crystallized oxides of 
Fe and Al; and F5, residual.   
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Understanding the formation mechanisms and phase 

stability of amorphous aluminosilicates is extremely important 
for a range of geological and industrial processes including 
zeolites, glasses and low-CO2 geopolymer cements. However, 
due to their disordered nature at the atomic length scale it is 
difficult to elucidate the exact structural rearrangements 
occurring during formation. Here, two state-of-the-art 
theoretical and experimental approaches will be outlined, and 
their suitability for studying amorphous aluminosilicates will 
be discussed.  

Novel modeling and simulation methods across length 
scales are emerging in the research community, yet it remains 
difficult to span length scales without a significant compromise 
in accuracy. Coarse-grained Monte Carlo simulations used in 
conjunction with quantum chemical thermodynamic 
calculations is a relatively new methodology capable of 
spanning the atomic and nanoscale. Here, it will be applied to 
modeling (i) silicate speciation (oligomerization) as a function 
of concentration at high pH, and (ii) the geopolymerization 
reaction, revealing new structural insight on the formation 
mechanisms taking place. The advantages and disadvantages 
of using this multiscale simulation methodology will be 
outlined and compared with conventional simulation 
approaches.  

Experimental pair distribution function analysis is a 
powerful tool capable of elucidating the local structural motifs 
present in amorphous materials. This technique is well-suited 
for studying the structural arrangements in amorphous 
aluminosilicates, including glasses and cements. Here, by 
utilizing pair distribution function analysis it will be shown 
that the atomic structure of calcium-aluminum-silicate-hydrate 
gel (found in alkali-activated slag cements) is intrinsically 
different to calcium-silicate-hydrate gel known to exist in 
ordinary Portland cement (OPC)-based concrete. This 
fundamental difference (amorphous versus nanocrystalline) 
draws into question the suitability of OPC-based approaches 
(thermodynamic modeling, atomic ordering, phase formation) 
for studying alkali-activated cement systems.  
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S. Oneidensis respire in the absence of oxygen using metal 
oxides, external to the cell, as terminal electron acceptors. This 
involves electron transfer across the bacterial cell envelope to 
the surface of minerals such as Fe(III) oxides. Genetic 
knockout studies have identified a suite of proteins associated 
with electron transport through the outer membrane [1]. This 
includes the MtrABC complex. Studies of MtrABC led to the 
putative model for Porin-Cytochrome Electron Transport 
(PCET) shown in Fig. 1 below [2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
In this model the decaheme cytochromes MtrA and MtrC 

meet inside the transmembrane sheath, MtrB. The 20 hemes 
are closely aligned allowing electrons to flow through the 
MtrAC “wire”. To test this model, we have inserted MtrABC 
into liposomes containing a hydrophyllic electron source, 
reduced methyl viologen, that also acts as a redox indicator. 
We describe the development of this technique and 
demonstrate that conduction through MtrABC directly to 
Fe(III) oxide minerals is sufficient to support in-vivo, 
anaerobic, solid-phase iron respiration [3]. 
 
[1] Myers et al (2002) App. Env. Microbiol. 68, 2781-2793. [2] 
Hartshorne et al (2009) PNAS. 106, 22169-22174. [3] White et 
al (2013) PNAS 110, 6346-6351 

Fig. 1. Electron transport via the putative 
PCET system, MtrABC from S. Oneidensis 
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The industrial production of indium is increasing 
dramatically due to new uses in the rapidly growing 
electronics, photovoltaic, and LED industries. Little is known, 
however, about the natural or industrial cycling of indium or 
its environmental behavior, despite the fact that industrial 
emissions to the environment appear to already exceed natural 
sources. 

The history of metal deposition from the atmosphere is 
often reflected in the vertical profiles of the metals in 
ombrotrophic bogs, which by definition do not receive surface 
or subsurface runoff. Analysis of a peat core obtained using a 
novel freeze corer at Thoreau’s Bog in Concord, MA shows 
that the rate of indium deposition to the bog increased 
beginning in the early 1900s, peaked in the early 1970s, and 
then decreased dramatically to pre-1900 values by the present 
time. This profile is counter to the pattern of indium’s 
industrial use, which has increased only in the past 30-40 years.  
The profile coincides well, however, with the estimated history 
of particulate emissions from smelting and from coal 
combustion in North America. Back-trajectory analysis 
suggests that smelting was the dominant source of atmospheric 
particles with high indium concentrations deposited to the bog. 

This study suggests that humans have had a significant 
impact on the environmental cycling of indium, primarily 
because of releases from metal smelting and coal burning. 
While releases from the semiconductor and electronics 
industries are comparatively small at present, this scenario may 
change with the rapid growth of indium use in these industries. 
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El Niño-Southern Oscillation (ENSO) is the strongest 
mode of interannual variability in the modern climate; 
however, its sensitivity to external forcing (such as insolation 
or pCO2) is still debated. We examine ENSO’s response to 
varying summer insolation during the Holocene, using a 
marine sediment core from the Line Islands, central equatorial 
Pacific, where ENSO outweighs seasonality as a driver of 
temperature variability. The site is well situated to test 
contrasting hypotheses of ENSO behavior. Model studies 
predict a decrease in ENSO during the mid-Holocene, when 
equatorial summer insolation was at a maximum, due to 
negative feedbacks from upwelling [Clement et al., 1999].  
This prediction is borne out by coral- and foraminiferal-based 
paleoclimate records from the Line Islands and eastern 
equatorial Pacific [McGregor et al., 2013; Koutavas and 
Joanides, 2012]. However, a recent compilation of coral 
records (also from the Line Islands) show no overall Holocene 
trend, and argue instead that ENSO is dominated by unforced 
internal dynamics with little response to external insolation 
forcing [Cobb et al., 2013].  

Here we present Mg/Ca-derived temperature data from 
individual planktonic foraminifera analyzed by laser ablation 
ICP-MS, from seven time intervals throughout the mid- and 
early Holocene. Both mixed-layer dwelling G. sacculifer and 
subsurface-dwelling G. tumida are analyzed to constrain upper 
water column structure. For each ~400 year-long sample, we 
generated a population of 75-85 individual temperatures from 
each species. By analyzing the distribution of these 
temperatures, the dominant modes of temperature variability 
(including ENSO) can be identified, and the paleo-distribution 
can be quantitatively compared to the modern distribution. El 
Niño/La Niña events most strongly affect the warm and cool 
“tails” of the distribution, whereas a shift in mean temperature 
is shown by a constant offset from the modern distribution; 
changes in seasonality have a small effect on the middle of the 
distribution, and are readily distinguished from ENSO. 
Coretop G. sacculifer and G. tumida temperatures show a 
similar distribution to modern temperatures near the site 
[Carton and Geise, 2008], indicating that our method captures 
modern ENSO variability well. Downcore data collected thus 
far show muted El Niño amplitude relative to the coretop in 
four mid-Holocene intervals (4680-8345 years before present).  
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The isotope geochemistry of oceanic basalts has taxonomy, 
‘the Mantle Zoo’, such that groups of oceanic islands tend to 
fall into restricted regions of Sr-Nd-Hf-Pb isotopic space. This 
taxonomy reflects extant deep mantle reservoirs. The problem 
is to decipher their evolution. The first observation is that these 
reservoirs have evolved through the uppermost mantle or 
crust/hydrosphere processes: there is no evidence of lower 
mantle chemical fractionations. The depleted upper mantle 
reservoir has evolved primarily through melt extraction to form 
crust, although fluxes from mantle plumes and subducted 
oceanic crust undoubtedly help to maintain its fertility. A 
dilute near-primitive component may be nearly ubiquitously 
present (the FOZO or ‘C’ component), evidenced primarily in 
noble gas isotopic compositions (not quite primitive because 
Xe isotope ratios appear to record very early unique events in 
Earth’s hisotry), but does not account for the more extreme 
compositions. Similarly, modern crustal recycling can account 
for typical, PREMA-like compositions, but not the extreme 
ones, whose origin is more enigmatic. The extremely 
radiogenic Sr isotope ratios in Samoan lavas and other 
evidence, such as O isotopes, demonstrate that the EM II 
reservoir originated through recycling of continental crust, but 
modern subducted material would evolve to neither these nor 
extreme EM I compositions. MIF sulfur, as well as O isotopes, 
confirms the HIMU reservoir has also evolved through 
recycling of surficial material, but fixes the timing of this as 
earliest Proterozoic or older, ruling out MOR hydrothermal 
processes as the cause of the U enrichment.  

The rarity of extreme EM and HIMU compositions is also 
significant in two respects: they are unlikely the result of 
common, continous plate tectonic processes such as oceanic 
lithosphere and marine sediment subduction and they are 
unlikely to occupy large regions of the lower mantle such as 
the LLSVP’s. Thus the uniformitarian approach fails and we 
need to look at them through the lens of historical geology. I 
suggest that these reservoirs are linked to unique 
processes/events in the chemical, climatic, and/or tectonic 
history of the Earth’s surface. One example is the profound 
changes in tectonics, oxidation state, and climate that occurred 
around the Archean-Proterozoic Boundary. Conversely, the 
compositions of these unique reservoirs may provide insights 
into deep past evolution of the Earth’s surface.  
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Sulfur isotope mass-independent fractionation (S-MIF) is 

observed in Archean rocks and is currently considered the best 
evidence for a low-oxygen early atmosphere [1]. Results from 
photochemical models suggest that the production and 
preservation of S-MIF places strict constraints on atmospheric 
oxygen levels during the Archean [2]. Much of our 
interpretation of S-MIF, however, is based on the hypothesis 
that SO2 photolysis by ~200 nm radiation is the source of these 
anomalous isotope signatures.  

We studied the sulfur isotope systematics of the photolysis 
of SO2 under a range of experimental conditions, studying the 
effects of temperature (-60 to 25°C), total pressure (250 mbar 
to 1 bar), SO2 pressure (down to 0.1 mbar) and the addition of 
other gases (CH4, O2). The systematics of the isotope effects 
observed during experiments support a major contribution 
from isotopologue self-shielding to S-MIF production during 
SO2 photolysis [3]. 

If SO2 photolysis were the dominant source of the Archean 
S-MIF signatures, experimental results suggest: 
(1) SO2 photolysis is occuring under high column densities of 

SO2 (i.e. self-shielding regime), and thus S-MIF is 
predominantly produced in localized, transient volcanic 
plumes rather than in the background atmosphere.  

(2) SO2 photolysis is occuring at low total (i.e. N2) pressures. 
Either atmospheric pressure during the Archean was lower 
than 1 bar, or photolysis must have been occuring at 
altitudes above 10 km (assuming a 1 bar atmosphere) 

(3) Large mass-dependent fractionations are required prior to 
eventual preservation in the rock record to reduce the large 
δ34S values produced during photolysis. 

(4) High SO2:H2S ratios of volcanic gases are required for 
elemental sulfur to contain suffiently high S-MIF 
signatures (i.e. contribution from SO2 relative to H2S) 
We conclude that the isotope systematics of SO2 photolysis 

[3] are hard to reconcile with the geological data by itself. CS2, 
SO and S2 also undergo photolysis by predissociation and 
could be alternative source reactions for the Archean S-MIF 
signatures. 
 
[1] Farquhar et al (2000) Science 289, 756 [2] Pavlov and 
Kasting (2002) Astrobiology 2(1), 27 [3] Ono et al (2013) J. 
Geophys. Res. Atmos. 118, 2444 
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Sulfur dioxide is known to produce different patterns of 

sulfur mass-independent isotope fractionation (S-MIF) in two 
different absorption bands. SO2 photolysis at wavelengths 
between 180 and 220 nm produces significant S-MIF only at 
high optical densities (>10-16 molecules/cm2), suggesting a 
dominant contribution from optical shielding effects[1]. Both 
mass-dependent and mass-independent isotope effects become 
larger at higher SO2 column densities (up to optical saturation) 
and at lower temperatures. Mass-dependent isotope effects are 
consistent with cross-section calculations. SO2 photolysis 
occurs due to coupling of a bound state (1B2) with the 
dissociative continuum of the ground state (1A1) [2]. The high 
density of states in the 1A1 state makes it unlikely that there is a 
considerable difference in photolysis quantum yields between 
isotopologues.  

In contrast, photoexcitation of SO2 in the 250 to 350 nm 
region produces S-MIF that is not due to self-shielding. Its 
pattern differs considerably from that predicted by cross-
sections. Photoexcitation produces larger S-MIF signatures at 
lower SO2 pressures and produces very large S-MIF signatures 
even under optically thin conditions. The isotope effects in this 
absorption region are due to an isotopologue-specific 
dependence on intersystem crossing rates between the excited 
singlet (coupled 1B1/1A2) states and reactive triplet (3B1) states 
[3], both of which have a low density of states in the crossing 
region. 

Understanding the mechanisms for the production of mass-
independent fractionation allows us to predict other molecules 
that might display similar effects (e.g. CS2 and SO) and 
explain the mechanism responsible for the production of S-
MIF signatures in the modern atmosphere [4].  
 
[1] Ono et al (2013) J. Geophys. Res. Atmos. 118, 2444 [2] 
Katagiri et al (1997) J. Molec. Struct. 413-414, 589 [3] 
Whitehill et al (2013) PNAS 110, 17697 [4] Savarino et al 
(2003) Geophys. Res. Lett. 30, 2131 
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The Carlin-type deposits of northern Nevada comprise a 

world-class accumulation of Au deposits with a characteristic 
geochemical signature of elevated Tl, As, Hg, and Sb. Three 
possible sources of Au in Carlin-type systems have been 
described: (1) leaching of Au from Paleozoic sedimentary 
rocks +/- Mesozoic intrusive rocks by circulating meteoric 
fluids; (2) mobilization of Au by deeper metamorphic fluids 
that have resulted from dewatering of deeply-buried 
Proterozoic sedimentary and Archean basement rocks; and (3) 
magmatic fluids associated with extension-related Eocene 
magmatism, possibly with a mantle component. Traditional 
geochemical and isotopic tracers have yielded ambiguous 
results, however, and the metal source remains enigmatic. 

Because there is a strong correlation between Tl and Au in 
these deposits, Tl may be utilized as a proxy for the origin of 
Au. This study describes the first-ever Tl isotope data collected 
for ore- and late- stage mineralization at a Carlin-type deposit 
as well as for a suite of potential source rocks. Although not 
pointing to an unequivocal origin for the Tl (and by proxy Au), 
the Tl isotope data clearly rule out early Paleozoic passive 
margin rocks as metal sources. In addition, comparison of ore- 
to late- stage minerals suggests a shift in Tl isotope 
compositions that are consistent with evolution of the fluid 
from magmatic/metamorphic-dominated to meteoric-
dominated through time.  
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We present a zircon (U-Th)/He age of the Popigai  
crater that is, within error, contemporaneous with the 
Eocene/Oligocene boundary mass extinction. Zircon (U-
Th)/He provides an alternate method for determining the age 
of craters that lack datable melt sheets. 40Ar-39Ar ages are 
commonly used to date such impacts but can be problematic 
due to the presence of relic clasts, incomplete Ar outgassing, 
and diffusive modification during shock and heating [1]. 
Zircons were separated from two seuvites (from Victor 
Masaitis’ private collection), sampled near the Rassokha river 
which exposes large vertical sections of impact melt bearing 
rocks. Zircons from Popigai yield U-Pb SIMS ages consistent 
with that of the target rock and show little or no Pb-loss [2, 3], 
underscoring the difficulty of using U-Pb ages when no neo-
formed grains or rims are present. Results of 13/14 Popigai 
zircons yield a (U-Th)/He age of 33.9±1.3 Ma (MSWD=2.4), 
consistent with the 40Ar-39Ar age range previously reported 
(33.6-38.3 Ma; [4]) although significantly younger than their 
subjectively chosen sample (P21a) of 35.7±0.2 Ma, inferred to 
date the impact. Our younger age, with a robust estimate of 
variance, appears to exclude Popigai as a possible source of the 
Eocene Italian tecktites [5], but overlaps, within error, the 
Eocene/Oligocene boundary mass extinction (33.7±0.5 Ma; 
[6]), one of the largest Cenzoic annihilations of marine 
invertebrates [7]. Zircon (U-Th)/He offers a promising 
technique with which to constrain thermal pertubations 
associated with impact events that have either had their melt 
sheets eroded, or be suffeciently low energy as not to have 
produced a datable melt sheet. 
 
[1] Harrison et al (2013) Geological Society of London, SP378. 
[2] Wielicki et al (2012) EPSL 321-322, 20-31. [3] Cherniak et 
al (2003) Reviews of Min and Geochem 53: 113-143. [4] 
Bottomley et al (1997) Nature 388, 365-368. [5] Montabari et 
al (1993) Palaios, 420-437. [6] Ivany et al (2000) Nature 407, 
887-890. [7] Raup et al (1986) Science 231, 833-836. 
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In the last decade, noble gas mass spectrometry has moved 
from single collector to multi-collector beam detection. New 
approaches for the detection of indivi-dual ion beams are being 
introduced such as faraday collectors with 1012 and 1013 Ohm 
resistor amplifiers. In addition, our instrument is fitted with 
compact discrete dynode secondary electron multipliers for 
pulse counting detection on each channel. 

The design of our instrument includes a 120o deflection 
magnet with a measured standard resolution of ca 900, and in 
high resolution mode (channel L2) a resolution of ca 1700. 
The high resolution detector is fitted on the L2 channel, and 
used for the detection of 36Ar. 

The new mass spectrometer is complemented with a newly 
designed low-volume sample preparation system that is fully 
automated with optional use of all functions included three 
stages of gettering (Ti sponge, SAES C10 – ST707, and ST172 
SAES getters in custom built housing) and a ca 185 K cold 
trap. Gas sources include two gas pipettes for reference gases, 
a small volume resistance furnace, pulsed Nd-YAG and 
continuous CO2 laser heating system, and an optional port that 
can be used e.g. for our semi-automated crusher system.  

The instrument became fully operational in January 2014, 
and several modes of operation have been tested and will be 
discussed in our poster.  
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Chemical weathering of silicate minerals directly impacts 
geochemical cycles and fundamental processes, such as 
pedogenesis or global atmospheric CO2 drawdown. A long-
standing problem in water-rock kinetics is to relate laboratory-
defined mineral dissolution rates with those observed in the 
field, since they differ by several orders of magnitude. This 
field/lab discrepancy may arise from both intrinsic (i.e., related 
to the microstructural evolution of mineral surfaces) and 
extrinsic (i.e., related to the composition of the reacting fluids) 
factors. To date, the exact nature and the relative contributions 
of intrinsic and extrinsic factors remain poorly understood.  

Here we present a stepwise approach to elucidate the 
respective impact of both intrinsic and extrinsic factors on 
feldspar weathering rates. The dissolution anisotropy was 
measured using vertical scanning interferometry (VSI) coupled 
with atomic force microscopy (AFM) to follow-up 
modifications of surface microstructures in order to evaluate 
how intrinsic factors influence long-term labradorite reactivity. 
In a first step, polished labradorite single-crystals are reacted 
using acidic synthetic solutions at 80°C and 30°C. In a second 
step, a similar protocol is followed using filtered-sterile 
environmental fluids collected from the Strengbach river 
(Aubure, France) to better understand the role of dissolved 
solutes (e.g. colloids and dissolved organic matter) on 
labradorite reactivity. In a third step,  environmental fluids and 
associated microbial communities are reacted to investigate the 
effect of both biotic and abiotic extrinsic factors on mineral 
reactivity.  

Our preliminary results show that labradorite dissolution 
rates obtained under moderate pH conditions (pH = 3) 
correspond to those calculated based on the literature data. In 
contrast, dissolution rates obtained at pH = 1.5 are about 1 
order of magnitude larger than those estimated from literature, 
concomitantly with a dramatic increase of surface roughness. 
These preliminary results illustrate the potential of an 
integrated approach to unravel the contribution of intrinsic and 
extrinsic factors in controlling mineral reactivity. 
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Highly touristic and world-famous for its cultural richness, 

the lagoon of Venice is also a natural ecosystem with a high 
biodiversity and which possesses one of the largest wetlands in 
Mediterranean region. However this natural environment is 
under increasing anthropogenic pressure and copes with 
various inputs of contaminants. The objective of the present 
study was thus to evaluate the effects of the contaminants 
present in the lagoon towards periphyton assemblages. These 
epilithic biofilms are composed of microorganism 
communities, which live attached to substrata in natural 
waters. They play important roles in the biogeochemical cycles 
of major and trace elements, and are a significant source of 
food for grazers. Negative effects on periphytic communities 
could thus jeopardize the geochemical cycle of nutrients and 
metals in natural waters. 

Periphyton was grown on artificial substrata in the lagoon 
at five different sites experiencing industrial, agricultural and 
urban influences. After 14 days, they were examined for their 
composition with epifluorescence microscopy coupled with the 
use of fluorescent dyes. Biotic quantification was performed 
using DAPI® whereas exopolymeric substances (EPS) were 
obtained using Concanavalin A Texas Red®. The algal fraction 
was measured using their natural autofluorescence. In parallel 
the major cationic and anionic composition of the waters was 
determined, as well as the amount of toxic trace metals. 
Biofilms collected at the urban site were found to be mainly 
composed of bacteria and other heterotrophic organisms, 
which produce a great amount of EPS, whereas those from 
agricultural sites had a significant abiotic fraction colonized by 
bacteria, which also secreted significant quantities of EPS. By 
constrast, biofilms collected in the non-polluted and industrial 
polluted sites (both marine areas) had the same composition, as 
well as the highest autotrophic fraction. This study showed that 
the composition of the biofilms living in the lagoon of Venice 
varied as a function of their environmental conditions and 
correlated with the degree of anthropisation.  
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The stable isotope distribution of the transition metal 

molybdenum (Mo) has been successfully applied to paleo-
redox reconstructions of the atmosphere-ocean system. 
Changes in Earth surface redox conditions are coupled with 
changing oceanic Mo abundances, which, upon authigenic 
incorporation in oceanic sediments, results in large Mo 
isotopic variability among the different oceanic sedimentary 
reservoirs. Igneous rocks, in comparison,  display only small 
variations in Mo isotopic compositions, mainly as a 
consequence of the high temperatures at which they are 
formed. These differences in Mo isotopic spread bear great 
potential for studying sediment recycling at convergent 
margins, the dominant geotectonic setting for continetal 
formation. 

Here we present Mo isotopic data in sediments and 
volcanic rocks along the Banda Arc in Indonesia. Sediments 
show molybdenum isotopic variations depending on the water 
depth they were deposited at. We ascribe these variations to 
changes in the diagenetic redox conditions related to the 
decrease of free soluble oxygen with increasing water depth. 
Light and heavy Mo isotopic end members reflect deep water 
pelagic clays and carbonate-rich shelf sediments, respectively, 
with a total Mo isotopic range of 1.71 ‰ δ98/95Mo. 

Radiogenic Sr-Nd-Hf vs. Mo and stable Mo-O isotopic co-
variations within Banda Arc volcanic rocks cannot be 
explained by fractional crystallisation from a single magmatic 
source alone. Instead, after taking crystal fractionation into 
account, we regard a sediment contribution with isotopically 
light Mo and heavy O isotopic values, similar to those of 
Banda Arc deep sea pelagic sediments, of up to 8% to the 
source melt as the cause for the observed Mo-O isotopic trend. 

From this we conclude that Mo isotopes in convergent 
margin rocks are a valuable tracer for subducted sediments in 
arc lavas.  
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Following a shift in tectonic forcing, the Earth’s surface 

progressively adjusts its topographic form over millions of 
years, seeking to reestablish equilibrium with the new forcing. 
Though this adjustment has been recognized in landscapes for 
over a hundred years, its geologic pace limits our ability to 
directly measure or observe its form or rate over the entire 
cycle. In transient landscapes detrital quartz is derived from 
both the incising, adjusting lowland and the unadjusted, relict 
upland, the integrated 10Be concentrations provide a 
denudation rate averaged across the two domains. Because 
field samples using in situ-produced 10Be can only provide a 
snapshot of the current upstream-averaged erosion rate, we 
employ a numerical landscape evolution model to explore how 
10Be derived denudation rates vary over time and space during 
long-term transient adjustment. Model results suggest that the 
longitudinal pattern of mean erosion rates is generated by the 
river’s progressive dilution of low-volume, high-concentration 
detritus from relict uplands by the integration of high-volume, 
low-concentration detritus from adjusting lowlands. The 
proportion of these materials in any detrital sample depends on 
what fraction of the upstream area remains unadjusted. This 
fraction and the rate change over time.  

We test this model in two Critical Zone Observatories 
(CZOs): the El Yunque (Luquillo) National Forest, Puerto 
Rico and in the South Fork Eel River catchment in N. 
California. We find that denudation rates increase in the 
downstream direction by factor of 2-3. We show that this 
pattern of denudation rates, paired with the distribution of 
relict topography throughout the watershed, reflect the 
immaturity of the landscape’s transient adjustment. We 
propose that the manner in which a landscape responds can be 
indicative of the type of uplift perturbation. 
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The skeletons of marine crustose coralline algae yield 

significant datasets of mid-to-high latitude seawater 
temperature, surface freshwater fluxes, seawater carbon 
dynamics and duration of seasonal sea ice. Abundant in coastal 
regions throughout the Northwest Atlantic, the Canadian 
Arctic Archipelago (CAA), and the northern North Pacific, the 
alga Clathromorphum spp. forms an annually layered structure 
in specimens reaching ages of 850 years. Here, we synthesize 
current information on calcification, growth rates, and Mg/Ca 
geochemistry in specimens of Clathromorphum compactum 
collected across a latitudinal transect from the Gulf of Maine to 
the CAA with the goal to reduce the significant sub-annual 
dating uncertainty. Improved sub-annual chronologies will 
expand the use of this climate archive to mid-to-high latitude 
reconstructions of oceanic and climatic seasonal variability. 

Clathromorphum sp. develops high-Mg calcite crystals 
integral with the organic wall of each cell (inner-wall crystals). 
C. compactum also precipitates a secondary crystal type, inter-
filament crystals, between the innerwall crystals within the cell 
walls during the summer months indicating a dual mode of 
calcification in this species. Mg/Ca content of the calcite 
crystals doubles from approximately 0.06 to 0.12 mol/mol in 
response to changes in seawater temperature and possibly light 
levels reaching the seafloor. Monthly growth rates vary from 
zero to greater than 50 µm month-1. Summer temperatures of 
12-14 °C and increased grazing by invertebrates decreases 
summertime growth and determines the southern extent of C. 
compactum. Winter growth rates at the Arctic end of the C. 
compactum range reach nil due to low temperature and winter 
darkness enhanced by sea ice cover. We will apply this 
improved understanding of sub-annual chronologies to existing 
paleoceanographic records from Clathromorphum sp. to 
address important questions of changes in high-latitude 
seasonality. 
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The St. Louis Air Quality Regional Study (SLAQRS) took 
place between Aug-Oct 2013 at the previous home of the U.S. 
EPA Midwest Supersite in East St. Louis. The site is located in 
a large urban area near the edge of the Missouri Ozarks, which 
is a global hotspot for isoprene emissions – the so-called 
‘isoprene volcano’ [1]. During southerly summer winds, the 
site experiences extremely high isoprene levels from the 
Ozarks; measured concentrations during summer 2013 
sometimes exceeded 8 ppb. With northerly summer winds, 
isoprene concentrations are very low, while concentrations of 
anthropogenic pollutants remain high during both periods. This 
site is thus uniquely positioned for studying the influence of 
biogenic and anthropogenic VOCs on atmospheric chemistry.   

In recent years several new approaches have been 
introduced to improve the chemical characterization of 
atmospheric organic aerosol (OA). During SLAQRS, in 
addition to VOC and OVOC measurements from a proton 
transfer reaction mass spectrometer (PTRMS), we employed 
the thermal desorption aerosol gas chromatograph (TAG) for 
automated in-situ molecular level OA speciation [2], a high 
resolution time-of-flight aerosol mass spectrometer (AMS) for 
inorganic aerosol speciation, total fine OA mass 
concentrations, and O/C, H/C, and N/C elemental ratios [3], 
and a novel volatility and polarity separator (VAPS) for OA 
functional groups with improved throughput of highly 
oxygenated OA.  

An initial analysis of field measurements and subsequent 
laboratory studies will be presented here. Positive matrix 
factorization (PMF) has been used to deconvolve timeseries of 
AMS mass spectra [4] and timeseries of VAPS and TAG 
source-marking compounds [5] into major components 
contributing to atmospheric OA concentrations. In addition to 
ambient gas and particle chemical composition, we employed a 
potential aerosol mass (PAM) oxidation chamber to achieve 
perturbed oxidation states in both field and lab studies. Initial 
PAM results of isoprene-SOA production under high/low 
anthropogenic influence will also be presented. 

 
[1] Wiedinmyer et al (2005), J. Geophys. Res., 110, D18307.  
[2] Williams et al (2006) Aerosol Sci Technol 40, 627-638. [3] 
DeCarlo et al (2006) Anal Chem 78, 8281-8289. [4] Ulbrich et 
al (2009) Atmos Chem Phys 9, 2891-2981. [5] Williams et al 
(2010) Atmos Chem Phys 10, 11577-11603. 
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The Ti isotopic compositions previously determined for 

“normal” (i.e., non-FUN) calcium-aluminum-rich inclusions 
(CAIs) from primitive chondrites display relatively small, but 
resolvable mass-independent anomalies, most likely of 
nucleosynthetic origin [1-10]. However, the limited dataset 
makes it difficult to conclude whether this range of 
compositions reflects the degree of heterogeneity in the early 
Solar System or is due to restricted sampling of CAIs. 
Therefore, a comprehensive Ti isotopic study of CAIs from a 
variety of primitive chondrite classes is needed to fully 
elucidate the degree of heterogeneity of Ti isotopes in the Solar 
Nebula. 

Here, we report the Ti isotopic compositions of several 
CAIs from the Axtell and Leoville CV3 chondrites. Four CAIs 
from Axtell and five CAIs from Leoville were physically 
separated from slabs of these meteorites and then dissolved. 
Purification of Ti from the CAI solutions was achieved using 
cation and anion exchange chemistry. The Ti isotope ratios 
were then analyzed using the Neptune MC-ICP-MS at Arizona 
State University. The range of measured Ti isotopic 
compositions in these CAIs (ε46Ti = –0.76 to +1.68, ε48Ti  = –
0.11 to +0.31 and ε50Ti = +1.34 to +10.88 for Axtell CAIs; 
ε46Ti = +0.83 to +2.20, ε48Ti = +0.21 to +1.09 and ε50Ti = 
+9.25 to +12.25 for Leoville CAIs) is in agreement with those 
reported previously for normal CAIs from Allende, Axtell, 
Efremovka, Leoville and Vigarano [1-10]. Our initial findings 
suggest that normal CAIs record a restricted range of Ti 
isotopic compositions irrespective of their parent body, but this 
remains to be more rigorously tested with additional analyses 
of CAIs from a broader range of primitive chondrites. 
 
[1] Niederer et al (1980) ApJ 240, 73-77. [2] Niederer et al 
(1981) GCA 45, 1017-1031. [3] Niederer (1985) GCA 49, 835-
851. [4] Niemeyer and Lugmair (1981) EPSL 53, 211-225. [5] 
Niemeyer and Lugmair (1984) GCA 48, 1401-1416. [6] 
Heydegger et al (1982) EPSL 58, 406-418. [7] Papanastassiou 
and Brigham (1989) ApJ 338, L37-L40. [8] Leya et al (2008) 
EPSL 266, 233-244. [9] Leya et al (2009) ApJ 702, 1118-1126. 
[10] Trinquier et al (2009) Science 324, 374-376. 
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Rare earth elements (REEs), most notably the Ce anomaly, 

are commonly used as proxy for redox conditions in modern 
and ancient sedimentary basins. Conversely, the REE pattern is 
used in understanding provenance and the conditions of post-
depositional diagenesis. In black shales, the REE pattern is 
characterized as light rare earth element (LREE) enriched and 
heavy rare earth element (HREE) depleted; this distribution 
primarily reflects the distribution of clay minerals and source 
material. Often times, discrete units of black shale bed 
sequences, which are representative of the same depositional 
environment, have different REE patterns. Is it possible that 
the changing REE pattern reflects changes in redox conditions 
during sediment accumulation? Here, we present evidence of 
varying black shale REE pattern from the Ordovician-Silurian, 
Permian-Triassic, and Cenomanian-Turonian extinctions, 
where “event black shale” samples deviate from the bulk REE 
pattern. This REE pattern may reflect changes in detrital 
conditions (e.g., sedimentation) leading to changes in redox 
conditions. These “event black shale” samples differ from the 
average black shale chemostratigraphy by displaying a 
depleted REE pattern. The depleted REE patterns are aligned 
with other redox proxies, such as, high V/V+Ni and degree of 
pyritization values, as well as extremely light and enriched 
δ34S values, which suggest “event black shales” formed under 
intense redox conditions. One possibility is that the depleted 
REE pattern may reflect water stagnation, causing the 
chemocline to stratify, and the pycnocline to stabilize. These 
two factors will lead to a distinct anoxic-oxic boundary (AOB). 
Near the AOB, REEs are scavenged by Fe-Mn oxyhydroxides, 
leading to low REE concentrations in detrital clay minerals. 
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Experiments at the Department of Energy’s Rifle, CO 

(USA) field site have long focused on stimulated 
biogeochemical pathways arising from organic carbon 
injection. Although reductive pathways and their relation to 
uranium (U) immobilization have been a focus since 2002, 
ongoing studies are exploring oxidative pathways and their 
role in mediating fluxes of C, N, S, and aqueous metals. 
Insights gained from such ‘stimulation’ experiments are 
providing insight into analogous natural biogeochemical 
pathways that mediate elemental cycling in the absence of 
exogenous carbon. Such reactions are instead mediated by 
endogenous pools of natural organic matter (NOM) deposited 
during aggradation of aquifer sediments associated with fluvial 
processes within the Colorado River floodplain. 

Discrete lenses of fine-grained, organic-rich sediments (up 
to 2% organic C and N) enriched in reduced species, such as 
Fe(II), iron sulfides and U(IV) have been identified along the 
active margin of the floodplain. Referred to as “naturally 
reduced zones” (NRZs), these localities constitute a distinct 
facies type (i.e., ‘biogeofacies’) within an otherwise gravel-
dominated, largely NOM-deficient matrix. NRZs contain 100-
fold higher U concentrations than surrounding aquifer 
sediments and represent ‘hotspots’ of seasonally intense C, N, 
S, and U cycling during excursions in groundwater elevation. 
Imbibition of air bubbles within the capillary fringe is inferred 
to contribute to seasonally oxic groundwater, with its impact 
on redox-mediated reactions exhibiting close correspondence 
to those induced through the intentional introduction of 
oxidants. Reactions induce sharp gradients in nitrate and 
sulfate resulting from elevated rates of nitrification and 
oxidation of reduced sulfur as dissolved oxygen becomes non-
limiting. 7-fold increases in aqueous U are observed during 
this period likely contributing to U plume persistence. 

Because NRZs contain large stores of NOM and have an 
outsized capacity to mediate redox transformations of 
relevance to U mobility, they are expected to exert influence 
over the redox status and biogeochemistry of contaminated 
floodplain deposits worldwide, with major implications for 
long-term contaminant bioavailability. 
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Boron is concentrated in kerogen because of its abundance 

primarily in plant material where it is a nutrient to levels of 
100 ppm, but becomes toxic at higher levels. Boron isotopes 
are useful for identifying organic sources because the isotopic 
compositions of organic sources are distinctly light (<0‰) 
compared to most terrestrial minerals and water. Boron is not 
redox sensitive, therefore it is useful in tracing a variety of 
environmental impacts related to energy resources. 

The isotopic fractionation of B was measured between 
kerogen-water as a function of thermal maturity in the Bakken 
oil shale. Isotopes were measured by secondary ion mass 
spectrometry (SIMS) which requires calibration of B-
concentrations depending on the mineral matrix. Ion implants 
of B were made into several carbon matrices including single 
crystal carbon, glassy carbon, and kerogen with vitrinite 
reflectance values of 0.5, 1.0 and 3.0%. The sputter yield of B 
is affected by the H-content of the kerogen, thus calibration 
must take into account this matrix effect. Notably we found 
that kerogen extracted from shale using HF-HCl treatments 
removes B, therefore we used NanoSIMS to measure B/C 
ratios on areas small enough (100nm) that clay particles could 
be avoided. 

The new calibrations allow analysis of B in C matrices for 
comparison with B in silicates. We studied B-concentrations 
and isotope ratios of coal, fly ash, bottom ash and aerosol 
particles collected from sites near a coal stock yard, ash pond 
and water inlet of the Dangjin coal-fired power plant in South 
Korea. The coal contains 10s-100s ppm B, with δ11B values 
from -23‰ to -3‰. Boron partitions into fly ash with 
concentrations up to 100 times the coal, while B in the aerosols 
is 100 times less. Fly ash B-isotopes are 5-10‰ heavier than 
the coals suggesting fractionation during combustion. Aerosol 
δ11B values follow a different mixing trend showing up to 30‰ 
11B enrichment in the ash pond due to fractionation during 
combustion and processing, or to mixing with seawater. B-
isotopes can trace organic sources and may be useful for 
tracking associated contaminants. 
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Accessory minerals continue to play a central role in dating 

tectonic histories (P-T paths), especially in multiply deformed 
and metamorphosed regions. Monazite and xenotime are 
particularly useful because distinct compositional and age 
domains can preserve a record of different stages in the P-T 
history. A critical step is to integrate the accessory phases with 
the silicate reactions and fabrics. Although a thermodynamic 
integration is the ultimate goal, establishing textural 
relationships is the necessary first step in building the P-T 
path. EPMA compositional mapping is a critical part of the 
analysis. Individual accessary grains must be mapped at high 
resolution to identify compositional domains, especially 
narrow rim domains. Simultaneous processing of high-
resolution maps allows accessory phase compositions to be 
compared from grain to grain and from rock to rock and can 
help to define the true number and significance of accessory 
phase generations. Integrating high-resolution maps with full-
section compositional maps is also invaluable for interpreting 
the significance of accessory generations. Both monazite and 
xenotime can undergo fluid-related alteration, which can 
dramatically modify the composition and reset the age of the 
altered domain. This can provide additional data about the 
timing of infiltration events, but if not recognized, it can 
compromise the geochronology, especially if analyzed 
domains mix altered and unaltered domains. Again, EPMA 
maps can be used to delineate and characterize the altered 
domains. Although the precision can be lower relative to 
complementary isotopic techniques, EPMA has an important 
role to play in dating the accessory phases. Typically, major 
constraints come from narrow rim domains, tiny remnant 
cores, or from small inclusions in silicate phases. For example, 
xenotime inclusions in garnet can constrain the growth of 
garnet on the elusive prograde path but inclusions tend to be 
very small (<5µm). Similarly, matrix xenotime can constrain 
the timing of garnet breakdown events, but altered domains 
from late fluid infiltration must be avoided. Examples from the 
polymetamorphic Athabasca granulite terrane and for the 
Proterozoic of the southwestern USA show how EPMA 
characterization and geochronology, in combination with other 
geochronologic techniques, can enhance and clarify tectonic 
histories. 
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Rice contains ~10 times more arsenic than other cereal 
staples [1], and is the dominant food source of inorganic 
arsenic exposure to the world’s population [2, 3]. The 
anaerobic biogeochemistry of paddy fields makes them 
vulnerable to excessive arsenic mobilisation and subsequently 
assimilation by rice. Uptake typically occurs at root apices, 
sites of rapid entry for water and nutrients, where radial 
oxygen losses are highest. Therefore, nutrient and toxic metal 
uptake must largely occur through zones of oxidation and 
micro-gradients in H+ concentration. Yet, the precise processes 
controlling the acquisition of trace elements in rice are difficult 
to explore experimentally due to a lack of suitable methods.  

Using the diffusive gradients in thin films (DGT) gel based 
dynamic sampling technology, planar optode and laser 
ablation-ICP-MS as exemplar techniques, this presentation 
reviews recent advances in chemical imaging and the 
measurement of arsenic dynamics in rice rhizospheres. The 
results highlight the need to consider the kinetics of arsenic 
mobilisation [4], in situ speciation [5, 6], as well as the 
importance of simultaneous/high resolution measurements of 
multiple analytes [7], in order to decipher the geochemical 
processes modulating arsenic remobilisation dispersion and 
plant uptake by rice roots.  

  
[1] Williams et al (2007) Environ. Sci. Technol. 41, 6854–
6859 [2] Williams et al (2005) Environ. Sci. Technol. 39, 
5531–5540 [3] Meharg et al (2009) Environ. Sci. Technol. 43, 
1612–1617 [4] Sumon et al (2012) [5] Moreno-Jiménez et al 
(2013) Talanta 104, 83–89.[6] Sun et al (2014) Anal. Chem. In 
press. [7] Stahl et al (2012) Limnol. Oceanogr. Methods, 10, 
389-401.  
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In situ analysis by laser ablation offers significant 

advantages to users in a range of applications including 
elemental mapping. However, interrogating the sample for all 
of the information required may not be possible in a single 
measurement. Laser ablation is a destructive sampling 
technique and while many samples are large enough to allow 
for multiple analyses on a range of instruments, some are so 
small as to preclude multiple analyses. These samples may be 
unique and once sampled by laser ablation, they are lost and no 
further information can be extracted. 

In this presentation, a combined system for the 
simultaneous isotopic and elemental mapping in of various 
minerals is described. A high performance 193nm excimer 
laser (Photon Machines Analyte G2) is used to sample <40 µm 
diameter pits and the He carrier gas containing the entrained 
sample is split between ICP-Q-MS and ICP-SF-MS systems. A 
high performance ICP-Q-MS system (Thermo Scientific iCAP 
Q) is used for the quantification of trace elements and ICP-SF-
MS (Thermo Scientific ELEMENT 2 with JET interface) is 
used for U/Pb age determination. Data from the two mass 
spectrometers are post processed in a specialized software 
package (Iolite/CellSpace) to produce combined maps. 

The advantages afforded by such combined, simultaneous 
isotopic and elemental mapping of minerals will be highlighted 
in the presentation 
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The preparation of geological samples by lithium 

metaborate fusion offers a series of advantages for applications 
in routine analytical geochemical applications. 

In this paper a new method will be described for the ICP-
MS analysis of geological samples after lithium metaborate 
fusion. Through a series of advances, including interface 
design, analysis periods are on the order of days not hours, 
allowing for >1500 fusion analyses to be processed per day 
without any downtime for maintenance. By prolonging periods 
between maintenance, sample throughput is improved, 
especially important in price sensitive commercial applications 
of ICP-MS such as exploration geochemistry. 

The opportunities for improvement in sample throughput 
used in this presentation will be described in detail. These 
include: 

• The use of advanced sample handling 
• Single mode, full mass range analyses in He KED 

analysis mode 
• Optimized interface design to allow for prolonged 

analyses of heavy sample matrices such as lithium 
metaborate fusions 

• A single, flexible software package for complete 
control of the entire analytical process 
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Enhanced weathering seeks to capitalize on the high 
reactivity of olivine, serpentine and alkaline earth hydroxide 
minerals with Earth’s atmosphere as a means of trapping and 
storing CO2 pollution within carbonate minerals [1, 2]. 
Weathering of Mg-silicates provides the requisite cation 
supply for production of Mg-carbonate minerals; however, 
utilisation of this process for CO2 sequestration has potential to 
release large amounts of silica and potentially hazardous trace 
metal phases to the biosphere and hydrosphere [2]. 

Carbonation of the finely pulverised tailings produced by 
ultramafic-hosted mineral deposits may be leveraged by the 
minerals industry to offset its greenhouse gas emissions [3]. 
Furthermore, in the absence of demonstration scale 
deployments of enhanced weathering, mine tailings storage 
facilties represent useful analogues. 

Here, we describe geochemical pathways for, and controls 
on, element cycling during Mg-silicate weathering in the 
context of several ultramafic-hosted mines in Australia and 
Canada. We use a combined observational, experimental and 
modelling approach to quantify element cycling, including 
rates of carbon mineralisation [4]. Our field-based observations 
and laboratory experiments demonstrate that during 
accelerated weathering: (1) uptake of silica by the biosphere 
(e.g., diatoms) is a significant sink for Si [5] and (2) Mg-
carbonate weathering products have the previously 
unidentified capacity to sequester toxic trace metals in addition 
to CO2. Thus, these same sinks will likely play an important 
role in managing element cycling in enhanced weathering 
systems. 
 
[1] Schuiling & Krijgsman (2006) Clim. Change 74, 349–354. 
[2] Hartmann et al (2013) Rev. Geophys. 51, 113–149. [3] 
Wilson et al (2009) Econ. Geol. 104, 95–112. [4] Bea et al 
(2012) Vadose Zone J. 11. [5] Power et al (2011) Geobiology 
9, 180–195. 
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If we consider that silicate minerals are the dominant 

source of Mg to rivers [1], and therefore seawater, it is 
important for us to understand how Mg isotopes behave during 
the alteration of primary silicates and formation of secondary 
phases such as clay before we can successfully interpret past 
changes in the Mg isotopic composition (δ26Mg) of the oceans  

To address this we present Mg isotope data from natural, 
synthetic and experimentally synthesised clay minerals, and 
characterize the isotopic fractionation associated with the 
incorporation of Mg into structural and exchangeable sites [2]. 
The three natural clay minerals (illite, montmorillonite and 
kaolinite) have bulk δ26Mg values that span a 2‰ range. Their 
isotopic composition depends on the balance between 
structural and exchangeable Mg. The exchangeable Mg in each 
clay is relatively enriched in isotopically light Mg compared to 
bulk or acid leached residual clay. This exchangeable Mg (-
1.49 to -2.03‰) is within the range of δ26Mg values found in 
many natural waters [e.g. 3]. Further experiments involving 
adsorption of Mg with an isotopically characterised δ26Mg 
value suggest that the clay minerals adsorb Mg with little or no 
isotopic fractionation. To characterize the behaviour of Mg 
isotopes during clay mineral formation we synthesized brucite 
(Mg(OH)2), which we consider to be a good analogue for the 
octahedral sheet of Mg-rich clay minerals. We show that 
brucite becomes enriched in the heavy isotopes of Mg with the 
corresponding solution becoming relatively isotopically light. 
The system reaches a steady state after 10 days with a final 
fractionation factor (αsolid-solution) of 1.0005 at near-neutral pH.  

Our results show that clay minerals contain two pools of 
Mg that can be isotopically distinct. The final bulk δ26Mg 
value of a clay must be dependent on the relative proportion of 
Mg present in structural and exchangeable sites, and the 
isotopic composition of each Mg pool. Because of differences 
in structure between different clay minerals we conclude that 
their bulk δ26Mg values can also be highly heterogeneous. 
 
[1] Wilkinson & Algeo 1989, Am. J. Sci. 289, 1158-1194. [2] 
Wimpenny et al 2014, GCA, 128, 178-194. [3] Tipper et al 
2006, EPSL, 250, 241-253. 
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The CV chondrite NWA 4502 contains large CAIs that 
have experienced lower levels of alteration or metamorphism 
compared to those in Allende or Efremovka [1]. This makes 
these inclusions suitable to investigate multi-isotope 
systematics, and to potentially better constrain early solar 
system chronology and the distribution of short-lived 
radioisotopes such as 26Al and 53Mn. 

To this end we analysed Al-Mg and Mn-Cr isotope 
systematics, in addition to uranium and oxygen isotopes [2,3], 
in five CAIs from NWA 4502: two compact Type A, two Type 
B and one Fo-bearing Type B. All CAIs studied have initial 
26Al/27Al ratios within an error of the canonical value [4]. The 
compact Type A CAI #7 has a resolvably negative initial 
δ26Mg* value of −0.27±0.16‰, similar to the Allende CAI 
Egg-3 [5]. Mn-Cr systematics in separates from the 5 CAIs 
show an excess of 53Cr correlated with 55Mn/52Cr ratio, 
suggesting decay of 53Mn. However, if the entire data set is 
regressed the initial 53Mn/55Mn ratio is ~3×10−5, much higher 
than the expected canonical ratio of ~6×10−6. This could be due 
to terrestrial alteration causing excess scatter, or nuclear 
anomalies on 50Cr or 52Cr. We plan to repeat Al-Mg and Mn-Cr 
analyses on cleaner fractions in the coming months.  

In addition to these data, we observe remarkable isotopic 
fractionation within CAI #7. Typically  a single CAI contains a 
small internal range of δ25Mg (~0.5‰) and ε54Cr (~1ε) values. 
The Mg isotopic composition of six separate phases from CAI 
#7 has a range in δ25Mg of ~14‰, similar to a range observed 
in 2 FUN inclusions [6] and recent observations from CAIs in 
Allende [7]. We also observe a 4ε range in ε54Cr in 3 separate 
samples from CAI #7. The large heterogeneities in ε54Cr with 
fractionated δ25Mg values requires reconciliation with in-situ 
oxygen isotope data that do not show the same internal 
heterogeneities [3].  
 
[1] Sapah et al 2013, 44th LPSC, #1036. [2] Cooke et al 2013, 
44th LPSC, #1709, [3] Ireland et al 2014, 45th LPSC, #1671. [4] 
Sapah et al 2013, 75th MetSoc. #5156. [5] Wasserburg et al 
2012, MAPS, 47, 1980-1997. [6] Park et al 2013, 75th MetSoc, 
#5805. [7] Wimpenny et al 2014, 45th LPSC, #2235.  
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Mineral aerosoles (dust) are thought to play a critical role 
in Earth’ climate system. Dust may affect climate, both 
directly by altering the radiation budget of the atmosphere and 
indirectly by influencing the efficiency of the ocean’s 
biological pump. Specifically, it has been suggested that the 
greater supply of iron-bearing dust to the high-nutrient low 
chlorophyll regions of the Southern Ocean during the ice ages 
stimulated phytoplankton blooms that, by sinking from the 
surface to the deep ocean, sequestered climatically relevant 
amounts of carbon and contributed to lowering atmospheric 
CO2 during ice ages [1]. In addition, wind-blown dust provides 
the only direct evidence for tracing past atmospheric 
circulation patterns, through the ability to link the chemical 
and isotopic fingerprints of dust deposited in climate archives 
with their source regions. 

Polar ice core records provide some of our most valuable 
information on dust and climate in the past. Records from 
Antarctic ice cores indicate that glacial dust deposition at high 
latitudes was as much as a factor of 25 higher than during 
interglacial periods [2], while recent work from marine 
sediment cores from the Southern Ocean points to 3-4 times 
higher glacial dust fluxes [3]. However, understanding the 
regional pattern of variable dust input, mechanisms driving 
glacial/interglacial and shorter-term atmospheric CO2 changes, 
and using the information to validate model output, requires 
knowledge of dust provenance. 

Here we present an integrated perspective of Southern 
Hemisphere dust transport and its potential link to glacial-
interglacial cycles. To this end, we combine dust flux and 
provenance data from Southern Ocean sediment cores and 
Antarctic ice cores, respectively, including new Sr-Nd-Pb 
isotope based provenance data from the Byrd (and WAIS 
Divide) ice cores from West Antarctica. 

 
[1] Martin (1990) Paleoceanography 5, 1-13. [2] Lambert 
(2008) Nature 452, 616-619 [3] Lamy (2014) Science 343, 
403-407. 
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Extensive research on Hg has shown that wetland 

conditions promote microbial methylation of inorganic 
mercury into MeHg, primarily through the activity of sulfate- 
and iron-reducing bacteria. Agricultural wetlands, especially 
rice farms, are among the most abundant wetland ecosystems 
in temperate and tropical latitudes. In California, rice field 
acreage is greater than that of remaining natural wetlands. In 
2007–8, a multidisciplinary study documented MeHg 
dynamics in seasonally flooded wetlands, specifically 
assessing the influence of agricultural management for white 
rice and wild rice production (shallow flooding, fertilizer 
addition, and high rates of carbon fixation). We focused the 
study on the Yolo Bypass Wildlife Area, one of several 
wetland regions of the California Central Valley where 
sediment Hg is elevated due to historic gold and mercury 
mining. Quantitative comparison of processes among different 
fields and between seasons showed that ecosystem components 
(water, soil, biota) were linked but that processes were 
temporally decoupled in seasonally flooded wetlands. Within-
field hydrology (e.g. transpiration) strongly influenced water 
and sediment chemistry, with important variability between 
winter and summer flooding periods and between seasonally 
and permanently flooded wetlands. Other key findings [1, and 
references therein] were the significance of winter MeHg 
production and export, the dominant role of vegetation in 
MeHg cycling among components, and the elevation of MeHg 
bioaccumulation during periods of evapoconcentration. The 
data suggest that field management options may exist to reduce 
MeHg production (winter detrital management) or to promote 
MeHg degradation and storage (open-water cells), prior to 
MeHg export or biotic exposure. 
 
[1] Windham-Myers et al (2014) Sci. Tot. Environ.  
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Recent experiments have affirmed three critical features of 

S isotope fractionation associated with dissimilatory sulfate 
respiration. First, the magnitude of fractionation (quantified by 
34εDSR, which is equal to the difference in molar 34S-32S ratios 
of sulfate and sulfide - the initial reactant and final waste 
product in the respiratory processing chain - relative to the 
molar 34S-32S ratio in sulfide) correlates inversely with 
intracellular cell-specific sulfate reduction rate (csSRR).  
Second, 34εDSR correlates directly with extracellular sulfate 
concentrations ([SO4

2-]). Third, the exponent that relates 33εDSR 
to 34εDSR (33λDSR) increases regularly with 34εDSR, reaching 
values characteristic of thermodynamic equilibrium at the large 
34εDSR limit. However, despite the tendency to use these three 
relationships for distinct interpretations of the early evolution 
of microbial life on Earth, these relationships are not 
independent. They define an “isotopic phenotype” reflecting 
the modern physiology of dissimilatory sulfate reducing 
microbes. From this perspective, interpretations of S isotopes 
in the ancient rock record are based on a critical, unstated 
assumption: the isotopic phenotype of dissimilatory sulfate 
reduction has not changed in over 3.5 billion years. 

In order to investigate this assumption, we constructed a 
biochemically based model of metabolic S isotope 
fractionation. Our new approach moves beyond a 
phenomenological description of isotope fractionation by 
taking into account, for example, the rich database of kinetic 
measurements for the enzymes in the dissimilatory sulfate 
reduction network. It predicts recent observations (n > 100) of 
the systematic variations of 34εDSR with csSSR, [SO4

2-], and 
33λDSR with three free parameters: (1) S isotope fractionation 
associated with sulfate uptake into the cytoplasm; (2) the ratio 
of reduced to oxidized electron carriers in the respiration 
pathway; and (3) in-vitro to in-vivo levels of enzyme activity. 
These new results lead to three important general (and 
quantifiable) rules: (1) Environmental sulfate and sulfide levels 
control S isotope fractionation through the proximate influence 
of intracellular metabolites; (2) Low sulfate concentrations 
lead to less fractionation, but not when coupled to low 
respiration rates; and (3) No single reaction step controls 
fractionation, except at high respiration rates. 
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Baddeleyite (ZrO2) is an accessory mineral that crystallizes 

in silica undersaturated magmatic systems. Like zircon it 
incorporates U in its crystal lattice but virtually no common 
Pb, making it a key mineral for U/Pb geochronology. 
Baddeleyite typically forms in thick mafic dikes and gabbroic 
rocks that tend to cool slowly, nevertheless most baddeleyite 
crystals are small and in low abundance. In this study we show 
that in-situ LA-ICP-MS is a powerful and time-efficient 
technique for dating minute baddeleyite grains.  

We analyzed baddeleyite from the Phalaborwa intrusion 
(South Africa) and the Sorkka sill (Finland), with a 193 nm 
excimer laser coupled to a Thermo XSeries2 quadrupole mass 
spectrometer. FC-4b baddeleyite from the Duluth complex in 
Minnesota was used as an external standard for the standard 
sample bracketing method. Four fractions of baddeleyite were 
dated by U-Pb ID-TIMS. The analyses plot ca. 1% discordant 
with a weighted 207Pb/206Pb age of 1098.7 ± 1.7 Ma, which is 
identical with the previously reported zircon age of 1099.1 ± 
0.5 Ma [1] for this intrusion. Analytical parameters included a 
spot size of 25 µm, laser frequency of 10 Hz and laser energy 
density of 4 J cm-2. The external standard was analysed 10 
times, and the two samples 20 times each. Data were processed 
using the VizualAge procedure in Iolite which allows for down 
hole fractionation correction. 

With this set-up FC-4b yields a concordia age of 1099.2 ± 
7.5 Ma, Phalaborwa 2059.9 ± 6.4 Ma (published age 2059.8 ± 
0.8 Ma; [2]), and Sorkka 1256.0 ± 6.3 Ma (published age 
1256.2 ± 1.4 Ma; [3]). These results show that quadrupole LA-
ICP-MS can produce accurate U-Pb ages of baddeleyite-
bearing samples at a precision of ± 0.3 to ± 0.7 %.  

 
[1] Schmitz M.D., Bowring S.A. & Ireland T.R. (2003) 
Geochim. Cosmochim. Acta, 67, 3665-3672. [2] Heaman L. M. 
& LeCheminant A.N. (1993). Chem. Geol. 110, 95-126. [3] 
Söderlund U., Patchett P.J., Vervoort J.D. and Isachsen C.E. 
(2004) Earth Planet. Sci. Lett., 219, 311–324. 
 



 Goldschmidt2014 Abstracts  

 

2727	  

2727 

Assessment of uranium in post-in situ-
leach mining of mineralized arkosic 

sandstone units  
G. WOLDEGABRIEL*, H. BOUKHALFA,  
P. REIMUS, J. HEIKOOP AND D. WARE, 

EES-14, Earth System Observations  
(*correspondence: wgiday@lanl.gov)  
Earth Environmental Sciences Division Los Alamos 
National Laboratory, Los Alamos, NM 87545 

 
Recent studies of core samples from a post-in situ-leach 

mining (ISL) of sandstone-type uranium (U) roll-front ore 
zones at the Smith Ranch-Highland deposits in the southern 
part of the Powder River Basin of Wyoming, revealed 
considerable amounts of residual U on surfaces and along 
fractures of charcoal-like carbonaceous matter, pyrite, clays, 
detrital minerals, and rock fragments [1]. In contrast, ISL was 
effective in mobilizing U and oxidizing pyrite in arkosic 
sandstone units that contain insignificant amounts of 
carbonaceous matter.  

Petrographic, mineralogical, and chemical studies of core 
samples indicate that the early Tertiary arkosic sandstone units 
are primarily detrital in origin, consisting of quartz, K-feldspar, 
albite, and mica derived from granitic rocks exposed along the 
southern part of the Powder River Basin. Less abundant 
secondary minerals of smectite, kaolinite, pyrite, calcite, and 
traces of coffinite occur within the poorly consolidated and 
well-sorted light to medium gray arkosic sandstone. The 
carbonaceous matter is detrital in origin and was 
contemporaneously deposited with the clastic sediments.  

 U was derived from weathered granitic rocks exposed 
along the southern margin of the Powder River Basin and from 
the alteration and leaching of volcanic ashes that accumulated 
within the basin in late Tertiary [2]. The results suggest that the 
U minerals formed in two stages during shallow burial 
diagensis in early Tertiary and during roll-front mobilization 
and accumulation along a redox front in the Pleistocene [1, 2, 
3].  

Carbonaceous matter and pyrite played a significant role in 
accumulating U and continue to act as a strong reservoir for U 
and other trace metals. µ-XAFS analyses performed on thin 
sections with the highest U and Fe concentrations reveal that 
Fe is present in a reduced form as pyrite and U occurs mostly 
as U(IV) complexed by organic matter or as solid U(IV)-
carboxylate complexes. However, partial oxidation of the U 
associated with the organic matter is also noted. The presence 
of pyrite suggests that the mined arkosic sandstone retained 
part of its reducing capacity even though it may not contribute 
to the restoration process. Ongoing studies are looking at 
enhancing the sweeping efficiency of ISL fluids.  

 
[1] WoldeGabriel et al (2014) ES&T (submitted). [2] Freeman 
& Stover (1999) Uranium Institute 24th Annual Symposium,1-
20. [3] Santos & Ludwig (1983) Economic Geology 78, 498-
501. 
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Recent first-principles calculations (e.g. Stixrude, 2009; de 
Koker, 2013), shock-wave experiments (Mosenfelder, 2009), 
and diamond-anvil cell investigations (Sanloup, 2013) indicate 
that the compression behavior of silicate melts at deep mantle 
conditions is much more complex than previously appreciated. 
Melts undergo large structural changes with rapidly evolving 
oxygen coordination numbers over the mantle pressure range, 
strongly influencing their equations of state (e.g. Karki, 2006; 
2007).  Silicate melts also require significantly less energy to 
melt at high pressures (Stixrude, 2009), supporting the 
possibility of a deep whole-mantle magma ocean early in 
Earth's history. The evolution of this magma ocean as it cools 
and crystallizes is dominated by the poorly understood 
behavior of silicates at extreme pressures and temperatures. 
Probing these conditions is difficult for both theory and 
experiment, especially given the large compositional space 
(MgO-SiO2-FeO-Al2O3-etc). 

As a complement to first-principles methods, we have 
developed the Coordinated Hard Sphere Mixture model 
(CHaSM). We extend the standard hard sphere model, applied 
to silicates by Jing (2011), by incorporating the range of 
oxygen coordination states available to liquids. Using analytic 
expressions from hard sphere theory, our method rapidly 
predicts complex liquid structure and thermodynamics 
(~minutes on standard desktop computers). Given its speed, 
CHaSM is uniquely suited to mapping the wide compositional 
space relevant to early Earth evolution. 

As a first application of the CHaSM approach, we have 
determined the thermodynamic and structural evolution of 
MgO liquid over a broad P-T range (0-250 GPa, 1667-7000K). 
We show how model parameters are calibrated using only data 
from crystal polymorphs, which discretely sample the 
spectrum of local structures available to the liquid. Thus, 
CHaSM is a fully predictive model that rapidly determines 
liquid properties as a continuous function of V and T. These 
calculations are validated using first-principles molecular 
dynamics simulations, demonstrating the accuracy of this 
simple approach for determining all thermodynamic quantites 
of interest, including isothermal compression curves, grüneisen 
parameter evolution, and melting curves. 
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Multiple geochemical markers, including organic 

contaminants, were used to relate sediment organic chemical 
pollution in the coastal zone and marginal seas off southern 
China to Chinese socioeconomic development. Nearshore, 
median concentrations of Σn-C15-35 (n-alkanes with 15–35 C 
atoms), ΣLAB (sum of C10 to C13 linear alkylbenzenes), and 
Σ26PAH (sum of 26 polycyclic aromatic hydrocarbons) were 
730, 40, and 230 ng/g, respectively. Natural hydrocarbons 
were mainly derived from terrestrial higher plant waxes. 
Compositions of LABs indicated that wastewater had been 
directly discharged or transported in significant amounts to the 
eastern and western coastal areas of Guangdong Province. 
Anthropogenic hydrocarbons were derived largely from 
vehicular emissions and combustion of domestic coal and 
biomass. Eastern and western coastal sediments contained 
higher levels of LABs but lower levels of PAHs than those of 
the Pearl River Estuary, a coastal area of the Pearl River Delta. 
These observations are consistent with lesser economic 
development (i.e., poorer wastewater treatment) but greater 
energy consumption in eastern and western Guangdong 
compared to the more-developed Pearl River Delta region.  
Offshore, spatial and temporal variations in total organic 
carbon (TOC) and n-alkanes were determined from sediment 
cores from the inner shelf of the East China Sea (ECS), and the 
South China Sea (SCS). Concentration ranges of TOC were 
0.63−0.83, and 0.33−0.85% in the ECS and SCS, respectively, 
while those of Σn-C14−35 were 0.13−1.97 and 0.35−0.96μg/g 
dry weight. respectively. Terrestrial higher plants were an 
important source of aliphatic hydrocarbons in marine 
sediments off China, particularly in this region. Temporally, 
TOC and Σn-C14−35 concentrations increased with time and 
peaked at either the surface or immediate subsurface layers. 
The likely reason for this observation is the elevated inputs of 
organic materials to marginal seas off China in recent years, in 
part from the impacts of intensified anthropogenic activities in 
mainland China. Supporting this hypothesis was source 
diagnostics suggesting that aliphatic hydrocarbons were mainly 
derived from biogenic sources, with a minority in surface 
sediment layers from petroleum sources.  
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The South American Monsoon system (SAMS) is a 

significant source of rainfall to the South American tropics. 
Characterizing the decadal to centennial variability of the 
SAMS is pertinent to understanding its response to future 
warming. We present the past 1,500 years of climate 
reconstructed from an aragonite speleothem collected near 
Brasilia, Brazil. Speleothem growth rate ranged from 0.1 to 1.2 
mm/yr, with fastest growth rates occuring during the Little Ice 
Age (LIA, 300-500 years ago) and the slowest growth 
occurring near present. Fast growth rates during the LIA 
indicate wet conditions at that time, as the first order control on 
speleothem growth rate is moisture availiability. This result is 
coeval with the most recent expansion of forest over savannas 
in this region as preserved in soil organic matter. Furthermore, 
wet LIA conditions over central Brazil are consistent with 
previously reconstructed LIA dry conditions over northeast 
Brazil, as previous work documents anti-phasing of Holocene 
moisture conditions between northeast Brazil and the rest of 
South America. Furthermore, this correspondance suggests 
that, in addition to the millineal scale, such anti-phasing 
persists at the centenial scale. 

Paired laminae are visible in plain light, ranging in 
thickness from 0.1 to 2.5 mm, and are consistent with the range 
of annual growth rates, indicating that seasonal processes may 
be preserved. Preliminary analysis of isotopic values document 
a range from -7.0 to -4.2‰ for δ18O and -11.4 to -8.5‰ for 
δ13C. Stable isotopes values vary centennially, but not 
millenially. Lowest δ13C values correspond with the interval of 
fastest growth, and highest δ13C values correspond with the 
slowest growth interval further confirming increased effective 
moisture in the region during periods of higher growth rate. 
Variations in δ18O values, however, are decoupled from 
growth rate. The decoupling is unexpected as previous 
variations in Brazilian speleothem δ18O were interpreted to 
reflect SAMS intensity, and, therefore, would be expected to 
co-vary with growth rate. The growth rate-δ18O decoupling 
suggests that δ18O values from this speleothem reflect climate 
processes other than SAMS activity.  
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This talk will address several interrelated questions: 
(a)What (if any) are the effects of “light” element contents 

of the core on silicate Earth composition? (b) Do these effects 
have implications for the oxidised or reduced nature of 
conditions during accretion? (c) How can we explain the 
“spiky” pattern of depletion of moderately volatile (Cu, Ag, 
Pb, Cd etc) elements in silicate Earth when compared to 
carbonaceous chondrites? (d) When during accretion were 
these elements added to the Earth? (e) How can we explain the 
profound chemical and isotopic connections between Earth and 
Moon? We approach these questions from several different 
directions. Firstly, we have supplemented available data with 
new determinations of the metal-silicate partitioning of a 
number of volatile and refractory elements (Mo, W, Cu, Ag, 
Mn, Cr, Tl, Cd) at high pressures and temperatures. Secondly, 
we have determined the effects of S and C on metal-silicate 
partitioning of these and other refractory elements (notably Ni, 
Co and V) in order to be able to model silicate Earth 
composition during core growth. Thirdly, we have made 
simple models of accretion, volatile addition and moon 
formation. 

We find that S and C have profound effects on metal-
silicate partitioning of Mo and W and the chalcophile elements 
Pb,Tl,Cd, and that these effects are less important for Ni, Co 
and V. The Mo/W ratio of silicate Earth and the pattern of 
depletion of moderately volatile elements can be generated by 
addition of metal rich in S and elements of similar volatility 
during the last 10-20% of accretion. This would give an overall 
S content of the core of ~2%. The current silicate Earth 
contents of weak siderophiles such as V, Cr and Nb is 
consistent with growth being under reducing conditions until 
the last ~20% of accretion. Accretion of the Earth and 
generation of a moon dominated by material from Earth’s 
mantle (as seems likely from isotopic evidence) requires post-
impact addition of a small amount (~5%) of chondritic material 
to both bodies. Post-impact removal of FeO from Earth’s 
mantle and generation of similar Hf/W in Earth and Moon and 
(Nb/Ta)Moon >(Nb/Ta)Earth requires a secondary high pressure 
re-equilibration of Earth’s mantle with metal added during the 
impact (Wade and Wood, this meeting).  
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Speleothems are now widely recognised as important 

archives of past climate change with many characteristics that 
are complementary to deep ocean cores, for example. 
Importantly speleothems are ideally suited to radiometric 
dating by U-Th methods allowing detailed time series to be 
established spanning annual to millenial timescales. Many 
important examples of speleothem records have been 
documented but their utility is typically limited to the last 600 
ka, the effective upper limit of U-Th geochronology. 

The recent expansion of interest in the speoleothem U-Pb 
geochronometer is beginning to change this landscape [1], 
offering the potential for construction of speleothem 
palaeoclimate records encompassing large periods Earth 
history. There remain, however, substantial difficulties in 
applying traditional proxy approaches to speleothems from 
Earth’s Deep Time and it is likely that different methodologies 
will be required in the study of such samples.  

Here we explore some of these approaches in the context 
of a large speleothem archive from SW Australia’s Nullarbor 
karst covering a 10 million year  period through the warm and 
wet Pliocene and documenting to the continent’s ultimate 
descent into aridity. 

 
[1] Woodhead & Pickering (2012) Chem. Geol. 322, 290-299 
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Metasomatism, or chemical alteration of the Earth's mantle 

by a variety of melts and fluids, has been a key tenet in studies 
of mantle evolution for the past four decades. The 
consequences of such processes are often inferred to be far-
reaching and yet, the evidence for their existence and operation 
is often highly localised, being confined, for example, to 
individual xenoliths or suites from a particular volcano or 
region. Metasomatised samples often display highly variable 
textures, ages and compositions making the characterisation of 
any individual process or event a difficult undertaking. We 
demonstrate that megacrystic zircons derived from kimberlites 
erupted at 19 locations across southern Africa, preserve a 
record at least two temporally and compositionally discrete 
metasomatic events. The influence of these events extends 
over length-scales of thousands of kilometres, apparently 
unaffected by lithospheric structure. 

A detailed investigation of the most recent event reveals 
that the metasomatic agent is best characterised as a 
carbonatite melt with a high Lu/Hf composition. This 
carbonatite was itself derived from a source carrying an 
unradiogenic Hf isotope signature, and was stored in the sub-
continental lithospheric mantle, tapped by successive kimberite 
magmatic events. As a consequence, zircon megacrysts formed 
shortly prior to kimberlite eruption, preserve a circa 60 Ma 
record of this metasomatised subcontinental lithospheric 
mantle source, including the evolution of its Hf-isotope 
composition through time. 

This model has important implications for kimberlite 
petrogenesis as there is a close similarity between the Hf 
isotope compositions of the zircon megacrysts and their host 
kimberlite magmas. The latter, like the zircon megacrysts, also 
preserve a correlation between Hf isotope composition and 
age.   
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Despite its status as the most common element in Earth's 
atmosphere, nitrogen’s long-term cycling between the surface 
and interior remains highly uncertain. Many geochemical 
studies over the last few decades have been conducted to 
provide constraints on the exchange of nitrogen between the 
mantle and surface over time. However, to date there has not 
been extensive theoretical investigation of the possible 
mechanisms for nitrogen exchange. 

Here we examine a range of biotic and abiotic mechanisms 
that could have allowed efficient subduction of atmospheric 
nitrogen into the mantle at different times in Earth's history. 
We argue that if atmospheric N2 levels were indeed close to 
present-day 3.0-3.5 Ga, as suggested by recent geochemical 
analyses, a biological explanation for the apparently large 
quantities of N in the present-day mantle is problematic. We 
therefore explore several abiotic mechanisms that may have 
operated at various points in Earth’s early history. Through a 
combination of radiative and photothermochemical 
calculations, we show that nitrogen fixation via thermolysis 
under a transient early reducing atmosphere is possible, but 
requires surface temperatures of order 1000 K or greater, 
implying close to magma ocean conditions. We also discuss 
the likely importance of surface catalytic effects and trapping 
of N in reduced form in the mantle during accretion. Finally, 
we show that the nitrogen content of the atmosphere is coupled 
to the rate of planetary oxidation, because a low nitrogen 
partial pressure implies inefficient cold-trapping of H2O and 
hence a route to rapid H2O photolysis. This may have 
implications for Earth’s oxidation rate in the Hadean, as well 
as for the climate evolution of many Earth-like exoplanets. 
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The ca. 810 Ma Bitter Springs carbon isotope anomaly is 

an abrupt and long-lived (5–10 m.y.) departure from the high 
δ13C values that otherwise characterize early–middle 
Neoproterozoic seawtaer. This isotope anomaly, which reflects 
a -8‰ shift in mean seawater DIC carbon isotope composition, 
is well represented in relatively pristine carbonates of the 
lower Akademikerbreen Group, Svalbard. Given increasing 
evidence that Neoproterozoic oxygenation and eukaryotic 
diversification began well before the Ediacaran Period, the 
Bitter Springs anomaly is a logical interval to explore for 
geochechemical evidence of early Neoproterozoic redox 
change. To this end we have applied the I/Ca ratio (modified to 
I/[Ca+Mg] to account for dolomitic samples)—a novel proxy 
for seawater redox potential that is highly sensitive to changes 
in oxygen content—to carbonate rocks spanning the anomaly.  

Iodine in seawater exists almost exclusively as iodide (I-) 
and iodate (IO3

-), with the balance shifted towards iodate under 
more oxidizing conditions. Because IO3

- can be incorporated in 
carbonate during precipitation, variations in I/[Ca+Mg] in 
carbonate may reflect fluctuations in seawater redox, as has 
been demonstrated for Cretaceous ocean anoxic events 
(OAEs). Our preliminary data from Svalbard reveal two 
prominent features: 1) the Bitter Springs anomaly is associated 
with low I/[Ca+Mg] ratios compared to carbonates above and 
below, and 2) two spikes in I/[Ca+Mg] are associated with 
δ13C recoveries (positive shifts)—one at the end of the Bitter 
Springs anomaly and a second that coincides with a smaller 
magnitude and short-lived anomaly prior to the Bitter Springs 
event. We tentatively interpret these results to indicate that the 
Bitter Springs anomaly and the smaller anomaly proceding it 
coincided with periods of expanded basinal anoxia. The spikes 
in I/[Ca+Mg] at the end of the negative δ13C anomolies may be 
a record of oxidation of iodide/organic-iodine that accumulated 
in shallow water during the Bitter Springs stage.  
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Continental weathering of silicates exerts a major control 

on Earth’s climate as it consumes atmospheric carbon dioxide. 
Weathering rates are affected by a multitude of processes, 
including uplift, erosion and temperature. However, the exact 
linkages between weathering and climate remain poorly 
constrained.  

Lithium (Li) and its isotopes are effective tracers of 
weathering processes. In this study, we have determined Li 
concentrations and δ7Li signatures of rivers, hydrothermal 
springs and rocks from across the Southern Alps, New 
Zealand, to evaluate the major climatic and tectonic controls 
affecting Li isotope fractionation during weathering. The 
Southern Alps are ideal to this end, as they are a pristine and 
relatively monolithological metasedimentary belt, which is 
affected by an asymmetric climatic regime and differing rates 
of uplift and erosion.  

We find that the δ7Li value of glacial (δ7Li = +12.0 to 
+14.5‰) and non-glacial (δ7Li = +11.8 to +26.1‰) rivers is 
significantly different from the catchment bedrock (average 
δ7Li = -0.2 ± 1.6‰), whereas hydrothermal springs can have 
δ7Li signatures as low as the bedrock values (δ7Lispring = +0.2 
to +10.8‰). The δ7Li values of these (temperate) glacial rivers 
are lower than those measured in glacial rivers in Iceland (δ7Li 
=16.3-36.8‰ [1]) and Greenland (δ7Li = 25.3-26.7‰ [2]). 

Our data indicate that the metamorphic grade of river 
catchment host rocks and water temperature have little effect 
upon the δ7Li signature of river waters, and so do not control 
the isotopic fractionation of Li. In addition, it is unlikely that 
the glacial rivers are affected by formation of Fe-
oxyhydroxides, as SO4

2- concentrations are low in these rivers. 
Consistent with other studies, it appears that the formation of 
clays as secondary alteration products during chemical 
weathering is the overarching control on Li isotopic 
fractionation in this setting. 

 
[1] Pogge von Strandmann (2006) EPSL 251, 134-147. [2] 
Wimpenny et al (2010) EPSL 290, 427-437. 
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Confinement of organics in nanoporous inorganic media is 

a very important topic in various research fields, including 
biomineralization, geological carbon sequestration, industrial 
catalysis and medicine. In order to reveal insights into organic-
mineral interactions in pores, we have performed systematic 
studies of the thermodynamics, structures, and dynamics on 
confinement of various organic guests (quaternary ammonium 
ions, amines and alcohols, hexane and several organic 
solvents) in zeolites and mesoporous silicas (0.4 to 20.0 nm 
pores). We employed different calorimetric techniques to 
investigate the enthalpies of interaction between the hosts and 
guests. We also monitored the interactions using XRD, IR, 
TG-DSC and solid state NMR. Our studies reveal that the 
enthalpies of interaction range from a few kJ to as much as -
200 kJ per mole of organic. The magnitude of the interaction 
energy is governed by the dimensions and surface properties of 
the inorganic hosts as well as the structure, phase and 
dynamics of confined organic guests. Three types of  
inclusion were documented, single-molecule confinement,  
multi-molecule adsorption/confinement and nanocrystal 
confinement. Our studies provide comprehensive information 
describing organic matter-mineral interactions in various 
conditions.    
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Vanadium is a multi-valent element and it could be used as 

a redox tracer for a variaty of geological processes. Recently, 
highly precise V isotope composition can be obtained using 
MC-ICP-MS [1, 2], which provides a new tool to constrain the 
redox state of the Earth. Although there are no V isotope data 
to study the evolution of palaeo-environment on the Earth’s 
surface, it is promising to understand how V isotopes are 
fractionated in the key processes controlling vanadium 
transportation and deposition in surface system, i.e., adsorption 
and redox reaction. 

Here we present first-principles calculations to investigate 
V isotope fractionation among V species with different 
valences in solution and that during adsorption. We used a 
“water-droplet” method to calculate V isotope fractionation 
factors between main species of V3+, V4+, and V5+ in solution 
[3]. Our calculation shows that 51V is enriched in species with 
high valence and low coordination numbers. At 25oC, Δ51V 
between H2VO4

- and VO2+ is ~4‰, much greater than the 
current analytical precision (~0.15‰, 2sd [1,2]). We also 
calculate the V isotope fractionation due to V5+ species 
adsorption on goethite, which is the most important mineral 
that adsorpts V. Our results indicate that V5+ species adsorbed 
to goethite is depleted in 51V compared to the V5+ species in 
solution by~3‰ at 25oC. 

In summary, our calculation predicts significant V isotope 
fractionation due to redox reaction and mineral adsorption. 
This implies that V isotope compositions of natural water and 
sediments would carry transportation information of vanadium 
related to redox state changing. Therefore, V isotopes can be 
used to as a new geochemistry tool to investigate changes of 
paleo fO2 in ancient ocean and atmosphere. 

 
[1] Nielsen S. et al (2011) Geostand. Geoanal. Res. 35, 293-
306. [2] Prytulak J. et al (2011) Geostand. Geoanal. Res. 35, 
307-318. [3] Li X.-F. et al (2009) EPSL 287, 1-11 
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Baddeleyite with its high U concentrations and low initial 
Pb [1] is an extremely valuable geochronometer for mafic-
intermediate igneous rocks which often lack other datable 
minerals. However, the difficulties in retrieving small 
baddeleyite grains from fine-grained lavas by conventional 
mineral separation techniques has hampered potential 
applications of baddeleyite geochronology. Here we report 
progress on developing a novel accessory mineral chronometer 
based on in-situ baddeleyite dating in young silica-
undersaturated lavas using U-Series Secondary Ion Mass 
Spectrometry (SIMS). 

Campi Flegrei (Naples, Italy) is an active caldera complex 
with silica-undersaturated potassic alkaline pyroclastic rocks 
and lavas. Campi Flegrei lavas are dated by 14C and K-Ar 
(40Ar/39Ar) methods at ~150 ka to historic times, which permits 
a direct comparison between the baddeleyite ages and those of 
other geochronological techniques. Lava samples from two 
domes, Accademia and Punta Marmolite, were processed. 
They represent intra-caldera and pre-caldera lava flows, 
respectively. Individual baddeleyites were identified in 
polished rock billets (2.5 x 4 cm2) using back-scatter and 
energy dispersive X-ray analysis using a Leo 1430VP. On 
average 41 (Accademia) and 10 (Punta Marmolite) baddeleyite 
crystals between ~7 and 15 µm were logged under 250× 
magnification per billet. In both lavas, baddeleyite crystals 
frequently occur within vesicles. Targeted domains were then 
drilled and epoxy-mounted along with Phalaborwa standards 
for SIMS analysis. 

SIMS (using a CAMECA ims 1270) revealed remarkably 
high (238U)/(232Th) activities ranging from ~30 to 160 for most 
baddeleyites. Twenty-four and eleven baddeleyite grains from 
Accademia and Punta Marmolite lavas define preliminary 
isochron ages of 3.3 ± 0.78 ka and 53.3 ± 2.49 ka, in 
comparison to previously published K-Ar eruption age of 4 
and 47 ka, respectively. These preliminary results are 
promising regarding the potential of micro-baddeleyite as a 
Quaternary eruptive geochronometer for low-Si lavas. 

 
[1] Heaman & LeCheminant (1993). Chem. Geol. 110 (1-3). 
95-126. 
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The Houmachang granitoid is located in Suixi, the northern 

Anhui Province, China. It could be divided into two groups, 
diorite and granodiorite, respectively. Compared with the 
granodiorite, diorite has higher concentrations of FeOT, TiO2, 
MgO, CaO and P2O5 and lower Na2O and K2O contents. The 
Houmachang granitoid is enriched in Cr, Ni, large ion 
lithophile elements (Rb, Sr and Ba) and light rare earth 
elements (REE), and depleted in P, Ti and high field strength 
elements (Nb, Ta and Y). With the lower chondrite standard 
values of Yb and concentration of Y, the granitoid has the 
characteristics of adakite.  

The high Mg# and Cr, Ni contents of Houmachang 
granitoid indicate the feature of mantle-derived magma. 
However, the enrichment of Sr, Ba and LREE suggests that the 
granitoid might be derived from the crustal melts. Combined 
with the other adakite in Xuzhou-Huaibei area, Houmachang 
granitoid might be derived from the partial melting of the 
delaminated continental lower crust, with the contamination of 
the mantle melt. This magmatism was in response to the 
subduction of Yangtze Craton beneath the North China Craton. 

This study was supported by funds the Department of Land 
and Resources of Anhui Province (2012-k-5) and the 
Department of Human Resources and Social Security of Anhui 
Province(2010-14, 2012) and the Natural Science Foundation 
of China (40542012, 40672145) 
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The separation of diastereoisomers of pristine (2,6,10,14- 

tetramethylpentadecane) on HP-5 columns was reported by gas 
chromatography mass spectrometry (GC-MS) and the pristane 
isomerization ratio (PIR) and the reflectances of these highly 
and overly mature coal samples from the Junggar Basin and 
source rocks from the Sichuan basin were well studied in this 
paper. It is reported that the PIR, namely, (6R10R + 6S10S) 
/6R10S increasing with the maturation has been proposed as a 
new effective parameter of maturity in the investigated basin. 
The results showed that linear relationships were found 
between the PIR and Ro in these highly mature Ai-13 
(Ro=1.53%) and overly mature Ha-01 (Ro =2.32%) and Ha-02 
(Ro = 2.99%). The relationship between the PIR and Ro was 
fitted well, with a high coefficient of 0.9951.  

In the overmature Ha-01 and Ha-02 sections (Ro>2.0), the 
isomerization differences of Pristane are still obvious, and the 
relative abundances of the 6(R)10(R) + 6(S)10(S) isomers 
show significant changes with increasing Ro. The present 
results suggest that Pristane ratio is adequate in the Junggar 
Basin. 

Furthermore, verified test with source rocks of the Sichuan 
basin was carried in laboratory scale. It has been proved by 
experiments that the model has a precision of 0.8979 in 
forecasting the test results. As a result, our results suggest that 
the PIR is an appropriate indicator of maturity for the highly 
and overly mature source rocks.  
 

Supported by NSFC No. 41272147, 41172169, 40472071, 
TPR-2012-18 and grants No. XDB03020405, 2012CB214701. 
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The formation of collisional orogens is a complex process 

involving multistage tectonism of compression and extension 
due to subduction and collision. The central metamorphic belt 
marks the suture zone between the North China Block (NCB) 
and the South China Block (SCB) in central China, which 
records multistage processes of tectonism from oceanic 
subduction to continent–continent collision. The final Triassic 
continent-continent collision and HP-UHP metamorphism 
have been well constrained. However, the Paleozoic evolution, 
mostly recorded in the North Qinling orogen, has not be well 
studied. In this study, we carried out an integrated study of 
zircon U-Pb age, trace element, and Hf isotope compositions 
for high grade metamorphic rocks to constain the evolution of 
the North Qinling. Ultra-high pressure rocks were distributed 
mainly along the northern margin and occasionally in the inner 
part of the North Qinling terrane. The UHP metamorphism 
occurred at ca. 490 Ma, resulting from the northward 
subduction of the North Qinling below the Erlangping arc. The 
UHP metamorphic rocks experienced partial melting at almost 
the same time, indicating very quick exhumation and partial 
melting. It is inferred that the North Qinling UHP terrane is 
small, thin, and fast UHP terranes formed early during the 
orogeny of the central metamorphic belt. Anatexis zircon from 
regional migmatites yields formation ages ranging from 455 ± 
5 to 420 ± 4 Ma, with a peak at c. 435 Ma. Combined with 
previous results, we suggest that the migmatization of the NQ 
terrane occurred at c. 455 to 400 Ma, arguing for their 
formation due to the northward subduction of the Shangdan 
Ocean. The UHP rocks were exhumed along the northern edge 
and detached from the basement by the subsequent 
migmatization process. Therefore, the North Qinling terrane 
experienced multi-stage metamorphism in the Paleozoic during 
the amalgamation of the NCB and SCB. 
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As we all know, only a small amount of mature spectrum 

technologies have been widely applied in the geology, such as 
the atomic absorption spectrometry (AAS) or atomic 
fluorescence spectrometer (AFS). According to the studies in 
the last two years, we successively analyzed some primary ores 
or debris in deposit by means of the near-infrared (NIR), 
infrared spectrum (Fourier, FTIR), X-ray diffraction (XRD) 
and X-ray photoelectron spectroscopy (XPS). It suggests that 
such techniques have many unique advantages in the study of 
deposit. In 2009, we analyzed the deep-fault gouge using the 
FTIR in Fankou lead-zinc deposit, Guangdong province. Then, 
the deep oxidized ore of Dongshengmiao polymetallic sulfide 
deposit were analyzed in 2013. The FTIR can reflect the peak 
characteristics of hydroxyl-oxygen (—OH), carbon-oxygen 
(C—O), silicon-oxygen (Si—O) and sulfate groups (SO4

2-) etc. 
in samples. Meanwhile, we can speculate the difference in 
environment of each ore minerals. In the later study, we 
analyzed surface soil of some concealed polymetallic deposits 
with the NIR and the hydrogen groups was the target. The 
spectrogram results indicated the main minerals, especially the 
altered minerals, in quaternary mantle. It is great significance 
for the research of altered conditions and the preliminary 
prospecting. Furthermore, we tested the deep-fault gouge and 
quaternary covering of several metal deposits in Inner 
Mongolia using the XRD. This in-situ analysis can better 
reflect the occurrence state and composition of some 
fragmental materials in deposits. More important is that we can 
speculate some ore information through fragmental materials 
(mineral crystal) which may be created from ore-body. Further, 
analyzing the chemical states of crystals using the XPS can 
determine what chemistry happens to some ore mineral. The 
last, we can estimate size distribution of some mineral particles 
according to the XRD peaks. It helps to explain there are nano 
mineral particles exist in concealed ore-body and migrate to 
surface, which have been affirmed by the “Geogas” theory. 
Compared with the traditional research methods, the above 
spectrum techniques have the advantages include simpler 
operation, lower costs and only small damage for samples.  

(Support by the National Natural Science Foundations of 
China (Grant Nos. 41030425, 41072263, and 40773037)) 
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Eutrophication as a common consequence of 

anthropogenic pressure has been observed in many lakes 
around the world and is acknowledged as a pressing 
environmental issue that threatens water supply and health of 
aquatic ecosystems. Solving these issues requires the 
implementation of measures for ecosystem management. For 
this, an inventory of conditions (i.e. local biodiversity and 
ecosystem response) pre and post disturbance should be 
established. An ideal environmental archive of the lake history 
can be found in the sediments. Here, we use bacterial 
endospores that are present in the sediment as natural time 
capsules to unveil lake history and the effect of anthropogenic 
pressure on the sediment microbiota of the last hundred years. 
We show that variations in community structure, determined 
by 454 sequencing, are linked not only to eutrophication, but 
also to sulphate metabolism, input of terrestrial organic matter, 
and climatic events. Furthermore, a treatment prior to DNA 
extraction of the samples allowed the separation between 
endospores and vegetative cells in the sediment. Subsequent 
sequencing (of the endospore fraction) provides additional 
information on the dormant bacterial remains in sediments.  
This additional information was key to reveal the “seed bank” 
component of the microbial pool and demonstrated its 
importance in the community response to changes in 
environmental conditions. Our studies show that bacterial 
endospores can be used as a paleoecological proxy for 
ecosystem prospection in aquatic ecosystems.  
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The acid rain is sulfuric acid type acid rain in Jiangxi 

province Fuzhou City, its sulfur isotopic composition are 
different from that of other Cities.  

We analyzed the sulfur isotopic composition of rain water 
from Fuzhou City in this paper (Fig 1). The results indicated 
that  the sulfur isotopic composition possesses a seasonal 
variation trend, isotopically heavier in spring and summer, 
lighter in autumn and winter. The sources of sulfur in rain 
water include bio-organic sulfur, anthropogenic sulfur and 
sulfur from the sea. In spring and summer, the sulfur in rain 
water comes mainly from anthropogenic sulfur. In autumn and 
winter, the sulfur in rain water dominantly originates from bio-
organic sulfur. The sulfur in rain water from the sea may be 
very small in percentage. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Seasonal variations in sulfur isotopic composition of 
the precipitation 

This research was jointly supported by the National natural 
Science Foundation of China (Grant No. 40963004). 

 
 
[1] Ohizumi T, et al (1997) Atmos Environ, 31 (9):1339-1348 
[2] Pichlmayer F, Sehdner W & Seibert P. (1998) Atmos 
Environ, 32 (23) 4075-4085 [3] Xia F, et al (2010) Geochimica 
et Cosmochimica Acta, 74 (11) 1150-1151 
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We prersent a combined study of mineral inclusions and 

in-situ major-trace elements in garnets with U-Pb dating of 
inclusion zircons from different occurrences of ultrahigh-
pressure (UHP) metamorphic gneisses and eclogites in the 
Dabie-Hong’an orogens. The results indicate multiphase 
growth of the garnets during continental subduction-zone 
metamorphism, including prograde growth during subduction 
and retrograde growth during exhumation in addition to 
preservation of residual garnet of magmatic protolith.  

The magmatic garnet residue in the UHP gneisses display 
high spessartine components, extremely high trace element 
abundances, remarkably negative Eu anomaly, and steep 
LREE to HREE patterns. Metamorphic garnets from UHP 
eclogites preserve prograde and retrograde growth zonings in 
trace elements despite homogeneity in major elements. Stage-I 
garnet shows steep patterns from LREE to HREE, with 
abundant inclusions of Amp+Ep+Rt+Pl+Qtz±Zrn, and its 
grown time was indirectly constrained by matrix zircon U-Pb 
ages of ~240 Ma. Stage-II garnet displays enrichment of 
MREE relative to LREE and HREE, with sporadic inclusions 
of Omp±Rt±Zrn, and its grown time was directly dated by its 
inclusion zircon U-Pb age of ~220 Ma. Thus, the two stages of 
garnets are the prograde growth during the final subduction 
and the retorgrade growthe during the early exhumation, 
respectively.  

While these garnet zonings record the important 
information on the metamorphic P-T-X at the depths of 
continental subduction zone, they are also dictated by the 
protolith composition of hosted rocks. Garnets in two 
occurrences of eclogites (foliated and massive) at the same 
locality in the Hong’an orogen show discrepant core-rim 
patterns in major-trace elements and minerals inclusions. 
Distinct garnet zonings were also observed from UHP eclogite 
and its wallrock granitic gneiss in the same locality in the 
Dabie orogen. Pseudosection calculations for the massive and 
foliated eclogites suggest that the different whole-rock 
compositions are the basic cause for the lithological difference 
in the two occurrences of eclogites, resulting in a series of the 
differences not only in mineral reactions and relevant mineral 
compositions but also in mineral assemblages and even 
lithological structures.  
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Multi-purpose regional geochemical survey (MPRGS) in 
China, using a grid-sampling scheme with the density of 1 soil 
sampler/1km2, and with the coverage of 147.17 km2 up to the 
present, affords a suitable data base for detecting the change of 
soil organic carbon stocks. Soil organic carbon density (SOCD) 
calculated from MPRGS obtained from 2000s was compared 
with that from the second soil survey from 1980s, and then 
change of soil organic carbon stock was obtained for the 
typical regions of China. It was shown that there is a 
significant soil organic carbon loss in the Northeast Plain of 
China, However, the SOCD for the traditional farming area, 
e.g. the North China, East China, and Southwest China, 
increased significantly during the two decades. There is no 
clear variation of soil carbon stocks in the farming land of 
South China. The soil carbon loss of Northeast China was 
attributed both to the Climate Change and Landuse Change in 
the recent decades. And the increasing carbon stocks in the 
traditional farming land were caused by the improving 
agriculture management. 
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Recent experimental studies and studies on subduction-
zone metamorphosed rocks have challenged our traditional 
views on mass transfer during subduction-zone metamorphism 
(SZM). It has been demonstrated that the mobility of an 
element or a set of elements is not as straightforward as 
commonly perceived. For example, the apparently mobile 
elements like Ba-Rb-Cs may in fact be immobile if their host 
minerals (such as phengite) are stable and present during SZM 
dehydration. Conversely, other studies argued that highly 
water insoluble elements (e.g., high field strength elements, 
HFSEs and heavy rare earth elements, HREEs) could be 
mobilized at the presence of large amounts of fluids with 
complex chemistries during SZM. 

In our study of blueschist-eclogite from Chinese Western 
Tianshan, we found a large (~ 8 mm long) titanite crystal 
together with a titanite-rich zone along the edge of omphacite 
epidosite, in the vicinity of which marble includes the residual 
garnet + omphacite + paragonite + phengite + epidote without 
titanite. This indicates that the prior eclogite is infiltrated by 
carbonate, whose reaction is also recorded by the epidote 
overgrown at rims of garnet. LA-ICP MS in situ analysis 
reveals that this epidote shows the highest HREEs than all 
other epidote analyzed, manifesting the inheritance of HREEs 
from garnet. Titanite has two trace element patterns with 
different Th, U and LREEs. The LREE enriched pattern 
represents rim compositions of titanite crystals, while the 
depleted pattern represents the core composition. All these 
observations point to the significance of between-phase 
elemental re-distribution in response to SZM, and do not in 
any straightforward way support elemental behaviors 
perceived in flux melting for subduction-zone magmatism.  
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Arsenic (As) contamination of groundwater in sedimentary 

aquifers is a major global public health crisis. Natural 
occurrences of high As groundwater have been reported in 
several geologically young aquifers around the world including 
the Datong basin, China. It is generally accepted that microbial 
processes play a key role in the mobilization and enrichment of 
arsenic (As) in groundwater. However, the detailed mechanism 
of the metabolic processes remain poorly understand. We 
apply isotopic measurements of iron (δ56Fe vs. IRMM-14), 
sulfur (δ34SSO4 vs. V-CDT) and carbon (δ13CDIC vs. V-PDB) to 
an experimental field plot in the Datong Basin, northern China. 
An array of monitoring wells was installed in a ≈1700-m2 plot 
in which high concentrations of As, ranging from 4.76 to 469.5 
μg/L, were detected in the groundwater. The measured range 
of δ34SSO4 values from 10.0 to 24.7 ‰ indicates the prevalence 
of microbial sulfate reduction within aquifers. The range of 
δ56Fe values measured in the groundwater suggests microbial 
Fe(III) reduction and the occurrence of isotopic exchange 
between Fe(II)(aq) and FeS precipitation. The low δ13CDIC 
values (up to -33.6‰) measured in groundwater are evidence 
for the microbial oxidation of organic matter, which is 
interpreted as the light carbon pool within the aquifer 
sediments. The high As (As>10 μg/L) groundwater, which has 
higher δ34SSO4 and δ56Fe values and lower δ13C values, 
indicates the following: (1) microbial reduction of sulfate 
causes the mobilization of As through HS- abiotic reduction of 
Fe(III) minerals; and (2) direct microbial reduction of Fe(III) 
oxides, hydroxides and oxyhydroxides cannot increase As 
concentrations to greater than 50 μg/L. The results provide 
new insight into the mechanism of As enrichment in 
groundwater. 
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Introduction: Shock-induced melt vein in meteorite is a 

natural gift to understand phase transformation under extreme 
pressure and temperature, and provide valuable insight to the 
natural impact event in solar system. High-pressure phases can 
be either crystallized from melt or solid-state transformed 
under shock, which can be used to constrain the shock pressure 
and duration [1-3]. Solid-state transformation of entrained host-
fragments is more complex due to variable temperatures. We 
use electron microscopes (SEM, EMAP, and TEM) to study 
unique GRV chondrites to better elucidate the mechanisms of 
transformation and Mg-Fe diffusion in olivine and pyroxene, 
and estimate the shock duration. 

 
Results and Discussion: Unique textures of entrained 

host-fragments were found in melt vein in several GRV 
chondrites under high-resolution BSE imaging (see Fig above). 
Preliminary result show abundant partial solid-stated 
transformation of olivine and pyroxene, and Fe-Mg diffusion. 
Further results of Raman spectra may be obtained to identify 
the phases.  More discussion will be available in the meeting.   
 
[1] Xie, Z. et al (2006) GCA, 70. 504-515. [2] Ohtani et al 
(2006), Shock Waves, 16:45-52. [3] Miyahara et al (2008) 
Proceedings. of NAS 105,8542-8547.  
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The Waste Isolation Pilot Plant (WIPP) is a U.S. 
Department of Energy (DOE) repository in southeast 
New Mexico for defense-related transuranic (TRU) waste. The 
repository, which opened in March 1999, is located at 
a subsurface depth of 655 m in the Salado Fm., a Permian 
bedded-salt formation. It is planned to use a significant amount 
of lead as a radiation-shielding material for wastes with 
significant γ-radiation placed in the WIPP. 

Carbonate is an important inorganic ligand in the WIPP 
brines such as Generic Weep Brine (GWB), from the Salado 
Fm. at the stratigraphic horizon of the repository, and Energy 
Research and Development Administration (WIPP Well) 6 
(ERDA-6) from the underlying Castile Fm. When lead is 
corroded under anoxic conditions in carbonate-containing 
brines, lead carbonate, cerussite (PbCO3(cr)), is expected to 
form. Therefore, the accurate knowledge of solubilities of 
cerussite in a wide range of ionic strengths has important 
bearings on the chemical behavior in the repository.   

We conducted a long-term study on the solubilities of 
cerussite in NaHCO3 + NaCl solutions.  

We are in the process of modeling solubilities of cerussite 
in NaHCO3 + NaCl solutions using EQ3/6 Version 8.0a. In our 
modeling, we plan to test and revise the Pitzer parameters 
related to lead species in a recent publication.  
 
[1] This research is funded by WIPP programs administered 
by the Office of Environmental Management (EM) of the U.S 
Department of Energy. [2] Sandia National Laboratories is a 
multi-program laboratory operated by Sandia Corporation, a 
wholly owned subsidiary of Lockheed Martin company, for the 
U.S. Department of Energy’s National Nuclear Security 
Administration under contract DE-AC04-94AL85000. From 
SAND2013-2286A 
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In Sichuan Basin, more than 40 wells are drilled through 
Ordovician, with only 4 wells got industrial gas flow. The 
main producing formations are Upper Ordovician Baota 
Formation and Lower Ordovician Tongzi Formation. Because 
of the complex origins, resources and distribution of natural 
gas, the next exploration targets and future exploration 
directions are unclear. In this article, available composition 
analysis and carbon isotope data of natural gas samples from 
Ordovician producing formations are compared with natural 
gas from other formations of Sichuan Basin, natural gas 
generated from type III kerogen or type II kerogen in other 
basins. The results show that the gas from both  Baota and 
Tongzi formations are genetically crude oil cracking gas. But 
the compositions and carbon isotopes of gas from these 
formations are different, showing different sources. The gas of 
Baota formation is from the source rocks of Upper Ordovician 
Wufeng Formation and Lower Silurian Longmaxi Formation. 
The gas of Tongzi formation is from the source rocks of Lower 
Cambrian Qiongzhusi Formation. Meanwhile, the above-
mentioned results are combined with source-reservoir-seal 
assemblages studies, to serve in division and comprehensive 
evaluation of hydrocarbon accumulation assemblages in 
Ordovician. Two hydrocarbon accumulation assemblages are 
proposed existing in Ordovician Sichuan Basin. The lower 
assemblage, which is a lower-source upper-reservoir 
combination, should be combined with Cambrian and Sinian, 
serving as a member in a combination in future. The integral 
arrangement should be focused on the paleo-uplift and its 
surrounding areas, the Cambrian hydrocarbon generation 
center, and deep-faulted reservoir areas. The upper assemblage, 
which is an upper-source lower-reservoir combination, should 
be combined with Carboniferous and Silurian formations. The 
target areas are generally fracture-pore type reservoir belts 
with favorable tectonic backgrounds in future gas exploration 
in the upper assemblage.  
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Siderophores are low molecular weight organic ligands 
that have extremely high affinities for Fe3+ and are excreted by 
plants and microbes to acquire iron [1]. In a DOE 
contaminated soil [2], Pu(IV), that has a similar charge-to-
ionic size ratio as Fe(III), was previously demonstrated to be 
bound by hydroxamates that were embeded in cutin 
degradation products cross-linked to hydrophilic moeties (e.g., 
polysaccharides). In the far-field of the Savannah River Site 
(SRS), USA, not only was Pu in the wetland surface soil found 
to be associated with natural organic matter (NOM) [3], but it 
was also closely related to hydroxamate siderophores present 
as a minor fraction (0.002-1.4%) in the bulk NOM pool. These 
hydroxamate siderophore moieties can be easily overlooked 
due to detection difficulties [4]. Thus, diluted HF (10%) was 
used to break the mineral-NOM matrix, making hydroxamate 
accessible to the hydrolysis solution. In addition, a control 
blank was subtracted to correct for the interference by humics. 
In SRS soils, hydroxamates were found to be the major type of 
siderophores, and mostly found in soil particles rather than in 
solution during a soil-groundwater re-suspension experiment. 
From the observation that particle-bound hydroxamate 
concentrations increase with depth in soil profiles, it appears 
that hydroxamates are preferentially preserved during early 
diagenesis. Attempts to incorporate hydroxamates into 
degraded cutin polymers and then use multi-dimensional NMR 
techniques to characterize their structure are currently 
underway, with the aim to confirm the pathway of forming 
cutin-bound hydroxamate metal complexes capable of 
immobilizing Pu in soils.   
 
[1] Neu (2000), Chemical Interactions of Actinides in the 
Environment, 26, 416-417. [2] Xu et al (2008) ES&T 42, 8211-
8217. [3] Xu et al (2014) ES&T 48, 3186-3295 [4] Gillam, 
Anal. Chem. 53, 841-844. 
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The scanning transmission electron microscopy (STEM) 

method uses the high-angle annular dark-field (HAADF) 
detector to give the most highly localized 1s Bloch state 
imaging, which eliminates most of the obvious effects of 
dynamical diffraction. Z-contrast images are HAADF images 
with atomic resolution. The intensity of Z-contrast images is 
dependent on numbers of atoms in an atomic column (or 
occupancy) and atomic number of atoms (Z) in the sites 
through ~ Z2. Local composition and occupancy may be 
obtained from measured intensities.  It is very challenging to 
solve crystal structures of nano-precipitates in host minerals 
using X-ray diffraction and TEM. Our results provide a new 
way for solving the crystal structures of nano-crystals in or 
intergrown with host minerals, and locally ordered domains in 
interstratified clay minerals. Z-contrast imaging can provide 
information about topology of the crystal structure, and DFT 
calculation provides accurate coordinates of the atoms within a 
unit cell. Examples of structure and composition of nano-
precipiates in Ca-rich sedimentary dolomite, vacancies and 
vacancies Fe sulphides, Fe-oxyhydroxides, oxidation states of 
Fe in Fe-bearing olivine, and interface structure between 
minerals will be presented.  
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Most hydrocarbon reservoirs in the US are related to 

sedimentary dolomites which are abundant in the geologic 
record, yet scarce in Holocene and modern marine sediments. 
The formation mechanism for sedimentary dolomite is still not 
well understood. Although some modern sedimentary dolomite 
precipitation is related to of sulfate-reducing bacteria (SRB) 
and methanogene, the exact roles of the microbes and their 
extracellular polymeric substances (EPS) in the dolomite 
formation are still not clear. The main factor inhibiting 
dolomite and disordered dolomite nucleation and 
crystallization is the strong hydration of aqueous Mg2+ ions.  

Our new results show that adsorbed polysaccharides and 
EPS can weaken the bonds between the water and surface 
Mg2+ therefore lowering the kinetic energy barrier of 
dehydration of the hydrated Mg2+ on calcite and dolomite 
surfaces.  Disordered dolomite and high magnesian calcite 
(HMC) can be precipitated in EPS-bearing and polysaccharide-
bearing solutions. High Mg/Ca ratio is not necessary for the 
dolomite crystallization in the presence of the catalysts. 
Amount of Mg in the Ca-Mg-carbonate is related to the 
amount of dissolved catalysts in the solutions.  
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Microbial reduction of sulfate is the major source of 

sulfide in low-temperature geochemical settings, and thus, an 
important mechanism for metal sulfide formation (e.g., FeS, 
ZnS, PbS, CdS) in seawater, critical zones, and stream, 
lacustrine, estuarine, and marine sediments. Intriguingly, 
recent studies have revealed that a significant portion of 
biogenic sulfides initially occur and/or remain as nanominerals 
(down to a few nm) in nature, indicating that these sulfides 
may have distinctively high reactivity (in terms of redox 
reactions, dissolution, and surface adsorption and catalysis) 
due to their small size. To systematically explore the 
physicochemical properties of nanosulfides produced by 
sulfate-reducing bacteria, we have prepared sphalerite (ZnS) 
nanominerals via both biological pathways and abiotic 
synthesis, and have developed procedures to investigate and 
compare their oxidative dissolution behavior under various 
solution conditions. Using a probe (APF), we are also testing 
their photocatalysis efficiency, in terms of promoting OH· 
formation by reacting with H2O/O2 under UV illumination. 
The ultimate goal of this study is to understand how the 
physicochemical properties of biogenic nanosulfides may 
contribute to defining the mineral’s fate, transformation, and 
interaction with surrounding components in the environment. 

Specifically, we inoculate the Zn-amended metal toxicity 
medium (MTM) with 1% Desulfovibrio desulfuricans 
inoculum and incubate the mixture for 48 hr to yield biogenic 
ZnS, and we adopted a surfactant-based method to produce 
abiogenic ZnS nanoparticles. X-ray powder diffraction 
analysis (XRD), transmission electron micrographs (TEM), 
and selected area electron diffraction analysis (SAED) of the 
abiogenic and biogenic ZnS show that both products are 
composed of sphalerite nanocrystals with a uniform size of ~ 5 
-10 nm. Preliminary dissolution results also confirmed that the 
methods used to remove residue cellular components in 
biogenic ZnS and surfactant in abiogenic ZnS are effective. 
The potential results of this study may have implication for a 
myriad of geological and environmental processes as well as 
for materials science and biomedical applications.  
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Located 50km east to Zhangjiakou city, the Dongping gold 
deposit (152Ma) [1] is the largest one in North China Craton. 
The gold-bearing vein systems are mainly hosted in Hercynian 
Shuiquangou alkaline complex (390Ma) [2], and a few in 
metamorphic Archean Chongli group. The main gold 
mineralizing stages are stage II and III among four stages, that 
is, pyrite-quartz stage (II) and polymetallic sulphides 
(chalcopyrite, pyrite, galena) –smoky quartz stage (III). Visible 
gold grains can be seen in stage III, which occur in tiny pyrite-
grey quartz veins filling in fractures of early white quartz 
veins. H2O-CO2   fluid inclusions are abundant in smoky grey 
quartz near gold grains (Fig.1).  

Figure 1 Fluid inclusions in gold-rich quartz veins A- A 
gold grain and fluid inclusions in stage II quartz; B-
Exposed surface of a gold grain; C- H2O-CO2 inclusions in 
area C of the photo A  

Micro thermometry shows that the bubbles in H2O-CO2 
fluid inclusions are mainly vapor CO2; a few H2O-CO2 
inclusions have thin films of liquid CO2 around bubbles, with -
58.3~-57.6℃of Tm,CO2 and 27.8~30.9℃ of Th,CO2. The 
densities of CO2 phases in H2O-CO2 inclusions are 
0.58~0.67g/cm3. The total homegenization temperatures 
(Th,tot) are 191℃-373℃, and mainly between 290～330℃. 
The melting temperatures of ice (Tm,ice) are -5.6～-0.8℃, and 
the melting temperatures of clathrate are 8.5～9.1℃, resulting 
in 1.2-8.7%NaCleqv of the salinities and 0.60-0.92 g/cm3 of 
densities. According to the critical temperatures of H2O-CO2-
NaCl system [3], critical pressures of the fluids are 70-
160MPa. In conclusion, gold-rich ores were emplaced under at 
least 2.8km of a depth based on lithostatic pressures. 
 
[1] Hart et al (2002) Mineralium Deposita 37, 326-351. [2] 
MAO et al (2003) Economic Geology 98, 517-534. [3] Frantz 
et al (1992) Chem Geol 69, 235-244． 
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Aerosol optical depth (AOD) retrievals from satellite 

remote sensing are ideal resources to constrain aerosol 
emissions through inverting a chemical transport model 
(CTM). However, direct use of satellite AODs in the inversion 
can be compromised by the inconsistency in the aerosol single 
scattering properties between satellite retrieval process and 
CTM simulation. In this study, we attempt to optimize aerosol 
emissions using satellite-level radiances, instead of AODs, in 
combination with the GEOS-Chem adjoint model. Our 
inversion approach involves two steps. First, AOD values on 
each 10 km × 10 km pixel are retrieved by fitting the 
calculated radiances based on GEOS-Chem aerosol 
composition and optical properties to the satellite (MODIS) 
cloud-free radiances. Second, species-specific aerosol 
emissions on each model grid are constrained with the 
retrieved AODs from the first step through GEOS-Chem 
adjoint. Since the aerosol single scattering properties used in 
the AOD retrieval are accorded with those used in the 
inversion, our approach essentially uses the MODIS radiances 
to constrain the aerosol emissions.  

We illustrate our inversion approach first with an idealized 
numerical experiment and subsequently demonstrate its  
feasibility by applying it to optimize emission inventories over 
China during April 2008. Specifically, we use MODIS 
radiances to constrain monthly emissions of BC and OC as 
well as gaseous processors (SO2, NH3, and NOx) from 
anthropogenic sources at 2° × 2.5° grids. Mineral dust 
productions from the Gobi and deserts are also optimized at the 
same spatial resolution but with a daily temporal resolution. 
Independent observations from both satellite remote sensing 
and ground-based platforms are used to assess the inversion 
results through their comparison with relevant GEOS-Chem 
simulation using prior and posterior emission estimates. The 
statistical analysis of such comparisons show remarkably 
better agreements in the posteriori simulation, confirming the 
improvements in the posterior emission estimates and the 
effectiveness of the presented inversion approach. 
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The Aerosol Robotic Network (AERONET) has been 

providing aerosol products of optical depth (AOD), size, and 
refractive index at more than 200 sites around the world. These 
aerosol microphysical products, inverted from Sun and sky 
radiance measurements, are valuable resources to study aerosol 
optical climatology and most importantly to validate aerosol 
products from satellite sensors. Until recently, however, such 
fulfillment of AERONET products faces challenges with the 
advent of multi-spectral and multi-angular photo-polarimetric 
satellite observations. High accurate retrievals of aerosol 
microphysical parameters can be made from multi-angular 
photo-polarimetric measurements and their expected accuracy 
demands the AERONET retrieval algorithm to include 
polarization in the inversion. 

This study aims to examine the potential aerosol 
microphysical information contained in the AERONET photo-
polarimetric observations and to provide theoretical error 
analysis for an proposed new inversion algorithm. We have 
constructed a numerical testbed to generate synthetic 
simulation of AERONET radiance and degree of polarization 
in 440, 675, 870, and 1020 nm with the present of bi-modal 
aerosols. The synthetic data are made for various aerosol 
loading and fine-coarse situations, and a range of solar 
elevations. The Bayesian statistical approach then is applied to 
relate information contained in the synthetic data as well as the 
retrieval errors to the instrumental as well as a priori 
characteristics. The results show remarkable increase of 
information and decrease in retrieval errors by adding multi-
spectral polarization and offer suggestions for future 
measurement concept design and optimal retrieval strategy. 



 Goldschmidt2014 Abstracts  

 

2760 

2760 

Origin of the Beilou Cu-bearing 
intrusive rocks, North China Craton: 
Elemental and Sr–Nd–Pb–Hf isotopic 

constraints 
ZHAOWEN XU, HAO WANG, XIAN-CAI LU, JIAN-JUN LU, 

CHANG-HU ZUO AND ZENGXIA ZHAO 
State Key Laboratory for Mineral Deposits Research, School 

of Earth Sciences and Engineering, Nanjing University, 
Nanjing 210093, P. R. China  
E-amil: xzwen@nju.edu.cn (Z.-W. Xu) 

 
The Beilou porphyry Cu deposit, hosted in the early 

Cretaceous monzonite porphyry of Zouping volcanic basin, 
formed in an extensional tectonics and active margin of North 
China Craton. The zircon U-Pb age of the Beilou monzonite 
porphyry is approximately 128.5 Ma. The rocks are 
characterized by high concentrations of K2O (3.53 ~3.99wt.%), 
Al2O3 (15.31~16.62 wt.%), LILEs (e.g., Sr and Ba), LREEs 
and Mg# (40.80~50.07), and low concentrations of HFSEs 
(e.g., Nb, Ta, P and Ti) and HREEs. The high initial 87Sr/86Sr 
ratios (0.70646 ~ 0.70649), εNd(t) values (-2.34 ~ -2.11), 
radiogenic Pb isotope compositions[(206Pb/204Pb)i=18.3474 ~ 
18.4666, (207Pb/204Pb)i =15.5431 ~ 15.5692, (208Pb/204Pb)i 
=38.1859 ~ 38.39604] and high zircon Hf (εHf(t)=0.11 ~ 4.24) 
isotopic compositions indicate that the magmas were likely 
derived from melting of the subducted Izanagi plate with some 
subducted sediments and then mixed with some mantle 
materials when ascend through the mantle wedge. The ocean 
crust has high oxygen fugacity and Cu content, which 
contributed to the Cu deposits in the Zouping volcanic basin 
(Plank and Langmuir, 1998). 

Acknowledgement:This work was supported by the a 
China National Science Foundation (No: 41170305) 
 
[1] Plank, T., and Langmuir, C.H., 1998. The chemical 
composition of subducting sediment and its consequences for 
the crust and mantle. Chemical Geology 145, 325–394. 
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Phenocrysts from Cenozoic continental basalt in North 

China were analyzed by FTIR for structural hydroxyl content 
and by TC/EA-MS for total water content and hydrogen 
isotope composition. The results provide insights into the 
hydrous properties of subcontinental lithospheric mantle. 
Structure hydroxyl is not dectected in olivine while 
clinopyroxene phenocrysts contain 62 to 913 ppm structure 
hydroxyl. There are substantial amounts of total water in both 
olivine and clinopyroxene phenocrysts, indicating the presence 
of molecular water as nanoscale inclusions. Total water 
contents of clinopyroxene phenocrysts are generally less than 
those of olivine phenocrysts, while δD values of clinopyroxene 
phenocrysts are higher than those of olivine phenocrysts. The 
phenocryst minerals exhibit δD values of -145 to -94‰ that are 
roughly negatively correlated with their total water contents. 
Acoording to the clinopyroxene with the highest Mg#, total 
structural hydroxyl of the initial basaltic melt is estimated to 
0.6 wt%. Then it increases to 3.5-6.7 wt% due to fractional 
crystallization, rendering the melt water-saturated in the late 
stage of magma evolution. Fractional crystallization would 
also lead to the partial conversion of structural hydroxyl into 
molecular water, resulting in the depletion of in the 
phenocrysts and the systematic variation of structural hydroxyl 
content with the Mg number of clinopyroxene. The structural 
hydroxyl content of mantle source for the continental basalt is 
estimated to 290 ppm. This is slightly higher than that of 
MORB-type mantle but similar to that of OIB-type mantle. 
Thus, subcontinental lithospheric mantle in North China is 
rather hydrous and D-depleted, which may be attributed to the 
entrainment of recycling subduction-modified oceanic crust in 
the mantle source. Reaction of the mantel wedge peridotite 
with hydrous melts derived from partial melting of the 
subducted oceanic crust is suggested as a physicochemical 
mechanism for the crust-mantle interaction in subcontinental 
subduction channel. 
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Bone, dentin and calcified avian tendon are examples of 

calcium phosphate (apatitic) biomineralization. These tissues 
consist of collagen protein, non-stoichiometric apatite, non 
collagenous proteins and small molecules. The importance of 
the three-dimensional (3-D) self-assembled structure of type I 
collagen has been long recognized in controlling intrafibrillar 
calcium phosphate (Ca-P) nucleation in specific “hole” zones. 
The two-dimensional stucture was determined six decades ago 
by Transmission Electron Microscopy, but because of a lack of 
the 3-D structure, the Å to nanometer-scale mechanisms of Ca-
P nucleation remain unknown. A major advance in the field 
was the recent determination of the low-resolution 3-D 
structure of collagen fibrils by synchrotron X-Ray Diffraction. 
However, this structure provided only the positions of the 
carbon atoms in the collagen molecule backbone. The location 
and orienation of amino acid side chains as well as the high-
resolution positions of the backbone carbon atoms themselves 
could not be determined experimentally. Further, conventional 
molecular dynamics methods have been unable to represent 
Ca-P (or other ionic biominerals, such as CaCO3) nucleation 
accurately.  

Based on the low-resolution XRD structure of collagen and 
high-resolution structure of short collagen-mimic peptides, we 
used state-of-the-art molecular dynamics modeling methods to 
optimize the entire 3-D self-assembled fibril structure at high-
resolution from the atomic (Å) to the fibril (100s of nm) 
length-scale, and in the presence of hydrating waters, Na+ and 
Cl-. The charged sidechains of amino acid residues in the 
collagen molecules were found to be oriented into the fibril 
“hole” zones, thus, attracting Ca2+ and phosphate ions. The 
high-resolution 3-D structure of collagen provides, for the first 
time, a structural basis for Ca-P nucleation in the hole zones. 
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The nucleation of amorphous or crystalline biomineral 

phases, modulated by bioorganic molecules, is an important 
early step in understanding the molecular-level mechanisms of 
biomineralization. Amorphous precursors nuclei in the solid or 
in the liquid phase for calcium phosphate (Ca-P, apatitic) and 
calcium carbonate (calcite, aragonite) have been proposed in 
the literature. In the present study, we examined the structure 
of Ca-P clusters formed in the hole zones of collagen fibrils 
using molecular dynamics (MD) simulations of collagen 
structure and Ca-P nucleation. 

The high-resolution three-dimensional self-assembled 
structure of collagen molecules within fibrils was optimized 
with explicit water solvation and the presence of Na+ and Cl-. 
Application of the Hamiltonian Replica exchange MD run over 
simuations run over long simulation periods (20 ns) allowed 
more accurate determination of nucleation in the collagen fibril 
“hole” zones compared to conventional MD simulations. As 
expected, Ca-P cluster sizes (~1.3 nm and 1.6 nm) in the hole 
zones depended on the initial concentration of Ca2+ and 
phosphate ions in the aqueous solution. The clusters were 
larger and stable over longer simulation times than clusters 
formed in the control sytem of aqueous solutions in the 
absence of collagen. Furthermore, the density of water in the 
hole zone was less than that of bulk water. In the clusters 
formed in the hole zones, Ca2+ ions formed equilateral triangles 
of ~1.6 Å side-length and circumference ~ 17.8-18.6 Å. The 
triangles were stablized by phosphate ions bridging pairs of 
Ca2+. These structural features are similar to those found on the 
(001) face of hydroxyapatite and octacalcium phosphate. It 
may be inferred conservatively from these calculations that the 
self-assembled collagen fibril structure is sufficient to promote 
intrafibrillar nucleation of Ca-P clusters within hole zones. 
However, the results can not be taken to imply either direct 
nucleation of apatite/OCP or of amorphous precursor phases in 
vivo; nor can the results be used to unequivocally exclude the 
role of non-collagenous proteins or other biomolecules in 
nucleation, because the modifying molecules were not 
accounted for in the present simulations. 
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It is generally known that CO2 dissolves in silicate 

melts/glasses as molecular CO2 and CO3
2- species, with the 

latter dominant for depolymerised compositions and 
polymerized compositions with high Al/Si ratios. However, 
how the CO3

2- groups are incorporated in the melt and how it 
affects the silicate structure were less certain, because of 
controversial interpretations of vibrational and 13C MAS NMR 
results. Our recent ab initio calculations on CO3

2- groups in 
various environments showed that both vibrational frequencies 
and 13C chemical shift tensor are sensitive to the local 
environments of carbonates, and the combined ab initio 
calculation and new experimental 13C MAS and static NMR 
data on 13CO2-bearing glasses of diverse silicate compositions 
indicate that carbonates are present dominantly as free 
carbonates (carbonates not bonded to any network-formers, 
e.g. Si, Al) for depolymerized compositions, and as network 
carbonates (carbonates bonded to two Si/Al via two of its 
oxygens) for polymerized compositions [1]. 

Here we further extend our study to systematically 
investigate the CO2 speciation change as a function of melt 
polymerization. A series of 13CO2-bearing glasses (mostly ~ 1 
wt%) across the Na3AlSi2O7 - NaAlSi2O6 and Ca1.5AlSi2O7 – 
Ca0.5AlSi2O6 joins (with a constant Al/Si ratio, but varying 
nominal NBO/T of 0.67 to 0) were prepared by quenching 
melts at 1.5 GPa and 1400-1600°C in a QUICKpress piston 
cylinder apparatus. Multi-nuclear (1H MAS, 27Al MAS & 
3QMAS, 13C static and MAS) NMR (@9.4 T) and Raman 
measurements were performed. The data revealed systematic 
change in CO2 speciation from dominantly free carbonates in 
depolymerized glasses to network carbonates + molecular CO2 
in fully polymerized glasses for both series, consistent with our 
previous study. The Ca aluminosilicate glasses show broader 
13C MAS NMR peaks, indicating greater local structural 
disorder, compared to the Na- counterparts. 

 
[1] Xue & Kanzaki (2013) Min Mag, 77 (5) 2533 
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Amino acids (AA) are the major nitrogenous component of 

marine dissolved organic nitrogen (DON) that can be 
recovered at the molecular level. Biomarker data indicates that 
bacteria are important sources for marine DON, in particular 
based on high D/L AA ratios. While D-AA predominantly 
derive from Bacteria (heterotrophic and/or autotrophic), L-AA 
sources include Bacteria, Eukarya, and Archaea. Contribution 
from each source currently remains uncertain.  

Here we introduce enantiomer-specific δ15N analysis of 
alanine, as a new approach to constrain DON sources. We 
hypothesize that if L-AA are derived from multiple sources, D 
vs. L alanine should show significant δ15N heterogeneity. We 
analyzed HMW-DON collected in the North Pacific 
Subtropical Gyre and the Gulf of Mexico.  

In each region, δ15N of D-alanine and L-alanine were 
identical, within analytical error. This suggests that D-alanine 
and L-alanine, and by extension the AA pool, has 
predominantly bacterial sources in both ocean basins. In 
addition, the δ15N values of alanine were significantly different 
in the Atlantic vs. Pacific, supporting the view that DON 
cycles independently in major ocean regions. 
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In andesitic rocks from back-arc volcanoes in central 
Japan, observations of small-scale heterogeneities of the 
groundmass reveal that high-K2O magma often injected into 
the crystal-rich reservoir beneath the volcano. The high-K2O 
magma batches mostly mingled with the semi-solidified calc-
alkaline crystal mush and partly remained unmixed as the 
isolated high-K2O domains in the interstices of the mush. 
Medium to high-K2O andesitic rocks (Myoko, Kumonotaira, 
Tateyama, and Shirouma-kazafukidake volcano) commonly 
include small-scale high-K2O domains (quenched glass + fine 
micro-crystalline anorthoclase), in addition to the ordinary 
medium-K2O matrix glasses.  

Melt inclusions of high-K2O basaltic-andesitic 
compositions (51-64 wt% SiO2) are trapped in olivine and/or 
clinopyroxene phenocrysts from Asama (1108 A.D.), Myoko 
(40 ka), and Shirouma-kazafukidake volcanoes (40 ka). The 
melt inclusions have characteristically high-K2O(3.6-5.7 wt%, 
absarokite-shoshonite series) and high Cl (2300-13000 ppm) 
concentrations, and occasionally contain high F (240-2000 
ppm), S (300-3000 ppm) and P2O5 (0.5-1.7 wt%). 

Kannoki Scoria (40 ka) in Myoko volcano typically has the 
F and Cl-rich, high-K2O melt inclusions and the heterogeneous 
groundmass. The scoria samples include two different types of 
clinopyroxene phenocryst, a clear clinopyroxene and a dusty 
clinopyroxene. The former is free from the high-K2O melt 
inclusion. In contrast, the later dusty clinopyroxene shows 
strong zoning by repeated corrosion and growth, entrapping 
the F and Cl-rich, high-K2O melts of absarokite-shoshonite 
compositions in the growth zones. In addition, the scoria also 
includes two types of olivine phenocrysts. Olivine (68-75 
Fo%) includes ordinary medium-K2O basaltic melts (1.0-1.5 
wt% K2O), whereas low-Fo olivine (55-61 Fo%), by contrast, 
traps the similar high-K2O basaltic-andesitic melts (1.9-5.0 
wt% K2O). 

These observations and microprobe analyses likely suggest 
that the F and Cl-rich, high-K2O magmas generated in a 
metasomatized deep mantle wedge (above the subduction slab 
of 150-220 km depth), possibly veined by phlogopite and/or 
apatite-bearing dykes. Probably, the high-K2O magma 
repeatedly input into the crustal reservoirs and contribute to the 
increase in K2O content of andesitic products in the back-arc 
region of central Japan. 
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The Cd geochemistry of seawater has attracted scientific 

interest due to its nutrient-like behavior. The precice Cd 
isotope dataset for seawater showed Cd-depleted surface water 
with heavier isotope and uniform isotopic composition of deep 
water, resulting from preferential uptake of light isotopes by 
photoplankton [1]. Ferromanganese deposits record the Cd 
isotope composition of ambient seawater with no detectable 
isotopic fractionation [2, 3] and could be useful to reconstract 
past ocean productivity. In this study, we present the modern 
water-depth profile (953–6000 m) and the secular variation 
over the past ~20 Myr of Cd isotopic composition 
(ε114/110CdNIST-3108) using ferromanganese crusts collected from 
the northwestern Pacific. The determined external uncertainty 
obtained from analyses of three reference satandards is 
±1.3ε114/110Cd (2SD). The water-depth profile of ε114/110Cd 
values showd clear offset between shallow and deep waters. 
The surface sections of the ferromanganese crusts from 953–
1838 m depth showed ε114/110Cd values of +1.2 to +2.6, while 
at the depths greater than 2000 m, the ε114/110Cd values ranged 
from -1.8 to +0.1, with one exception of +3.7 at 3770 m depth. 
This trend is generally consistent with variation in water 
column and the values are similar or slightly lighter relative to 
the ε114/110Cd value (+2.3±1.0) of deep water at >900 m [1]. 
The time-series data reconstracted from ferromanganese crust 
(1440 m water depth) showed high ε114/110Cd values before ~9 
Ma (+0.8 to +4.5), significant peak between 4.6 and 7.3 Ma 
(+3.4 to +8.1), and constant values close to zero from 3.0 to 
0.2 Ma (−0.03 to +0.5). The paleoceanographic evidence 
indicated a global increase in primary productivity during the 
late Miocene-early Pliocene, termed the ‘biogenic bloom’ [e.g. 
4]. It is suggested that the long-term ε114/110Cd variations in 
ferromanganese crust reflect changes of productivity in the 
past ocean. 
 
[1] Ripperger et al (2007), [2] Schmitt et al (2009), [3] Horner 
et al (2010), [4] Diester-Haass et al (2002) 
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Chemical sediments, including carbonates and iron 

formations (IFs), have been used to understand the ambient 
environmental conditions. The Cryogenic iron formations 
present a unique opportunity to track the evolution of 
Neoproterozoic interglacial marine chemistry during the 
deposition of iron-rich chemical precipitates.  

The Cryogenic section in South China includes Changan, 
Fulu and Nantuo Formation. The Changan Formation 
corresponding to the Sturtian glaciation consists of glacial-
marine diamictite. The Fulu formation overlying the Changan 
Formation is composed of sandstones and shales, containing 
one or three ironstone beds in the basal.  

Fe isotope compositions of the IFs from Guangxi and 
Hunan Province have been studied. The δ56FeIRMM-014 values of 
bulk samples range from 0.58‰ to 2.30‰, with an average of 
1.29‰.  

Heavy isotope compositions can be produced by partial 
oxidation of aqueous Fe(II), given the 3‰ fractionation in 
56Fe/54Fe during redox transformations between oxides and 
aqueous Fe(II), which makes the iron isotopes a useful tool in 
the redox state of the water mass. The high δ56Fe values 
obtained from the Cryogenic IFs are similar to those of 
Neoarchean and Paleoproterozoic banded iron formations, 
indicating the similarity in redox states of their ambient water 
masses.  
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A integrated study of U-Pb zircon dating, geochemical and 

Sr-Nd-Hf isotopic compositions was carried out for the 
Bamishan and Heishishan plutons in the Qilian orogen, 
northeastern Tibetan Plateau. The Bamishan pluton is 
composed of monzonitic granite, diorite and minor 
hornblendite. U–Pb zircon dating by LA–ICP–MS method 
shows that the granite, diorite and hornblendite have magma 
crystallization ages of 462 ± 2 Ma, 451 ± 3 Ma and 449 ± 3 Ma, 
respectively. The monzonitic granite exhibits adakitic 
geochemical signatures. The Sr–Nd–Hf isotopic data of the 
monzonitic granite suggest that its magma was derived from 
partial melting of the newly underplated basaltic lower crust. 
The diorite, with high Ba and Sr contents, probably originated 
from the partial melting of metasomatized lithospheric mantle. 
The hornblendite has extremely high Cr, Ni and Mg#, 
indicating a cumulate origin. Petrographic and Sr–Nd–
Hf isotopic data for the hornblendite indicate that its initial 
magma were generated by the hydrous partial melting of 
enriched lithospheric mantle. The Heishishan pluton consists 
of biotite granite, diorite and gabbro. Their magma 
crystallization ages are 440 ±2 Ma, 442 ± 4 Ma and 438 ±3 Ma, 
respectively. The biotite granite displays adakitic geochemical 
signatures and has relatively evolved Sr–Nd–Hf isotopic 
compositions, implying that it was derived from the partial 
melting of thickened mafic lower crust. The gabbro and diorite 
from the Heishishan pluton are characterized by evolved Sr 
and Nd isotopic compositions, indicating that they originated 
from partial melting of enriched lithospheric mantle. We 
proposed that the Early-Paleozoic magmatism in the eastern 
Qilian block probably resulted from northward subduction and 
collision in the southern margin of the Qilian orogen. 
Therefore, there may exist an early Paleozoic oceanic basin 
between the Qilian and West Qinling orogens. Furthermore, 
we infer that the ~460Ma magmatism in the eastern Qilian 
block formed in a continental arc setting, while the 450–
430Ma magmatism was likely related to the break–off of 
subducted early Paleozoic oceanic slab. 
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Here we present the first high-resolution Holocene record 
of Southeast Asian Monsoon (SEAM) evolution compiled 
from four U-Th dated speleothems from Tham Mai Cave in 
northern Laos (20.75 N, 102.65 E), a key site at the interface 
between the Indian and East Asian monsoon systems. The 
speleothem oxygen isotope records are tied to robust 
chronologies constructed utilizing >40 U-Th ages, and indicate 
the records span from ~0.3 to 11.1 ka with sub-decadal 
resolution. The composite δ18O record displays an abrupt 
decrease in values at 10.2 ka with depleted values persisting 
through ~8 ka, followed by increasing values through the mid-
to-late Holocene. 

To further investigate this, we present analyses of the 
MERRA nudged GISS ModelE2 simulations and the 20th 
century reanalysis nudged IsoGSM simulations of precipitation 
δ18O from the grid point closest to our study site. Results show 
a significant correlation with Pacific SSTs over the Niño-3.4 
region and in the western and northern Indian Ocean, 
suggesting that the δ18O of annual rainfall may be influenced 
by climate modes such as ENSO and the IOD. Furthermore, 
correlations with OLR, SLP, and vertical zonal wind shear 
over the tropical Indo-Pacific all suggest a strong relationship 
with the Indian monsoon intensity and convection over the 
Indo-Pacific warm pool, which likely contribute to “pre-
fractionation” of moisture advected to our study site. We 
therefore tentatively interpret the increasing δ18O values 
through the Holocene as reflecting precession related decreases 
in SEAM monsoon strength and/or convective precipitation 
over the Indian Ocean and Bay of Bengal. Finally, through 
time-series analysis and comparison with other records, we 
assess the potential influence of coupled climate modes, such 
as ENSO, on our record. 
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Groundwater arsenic (As) contamination has been 

recognized as the largest natural mass poisoning in human 
history, with more than 140 million people worldwide 
exposed. The Mississippi River delta has broadly similar 
geology and sedimentary depositional environments to the 
large deltas in South and Southeast Asia, the most severely 
affected regions in the world, and therefore, may also be 
vulnerable to groundwater As contamination. Logistic 
regression has been extensively used in environmental 
assessment and investigation, particularly in predicting the 
probability of groundwater As contamination. In this study, 
which is based on surface parameters (i.e., hydrology, soil 
properties, geology, and sedimentary depositional 
environments), logistic regression is used to develop a 
predictive model to assess the probability of As contamination 
in shallow groundwater of south Louisiana. The model is 
developed and calibrated using 3286 aggregated and binary-
coded As concentration measurements from Bangladesh and 
verified using 78 binary-coded As measurements from south 
Louisiana. The model’s predictions are in good agreement with 
the known spatial distribution of groundwater As 
contamination in Bangladesh, and also indicate high risk of As 
contamination in shallow groundwater from Holocene 
sediments in south Louisiana. Furthermore, 79.5% of the 
existing shallow groundwater As measurements in the study 
region are correctly predicted by the model, indicating good 
performance of the model in predicting groundwater As 
contamination in shallow aquifers of south Louisiana. Future 
investigation is planned to test the veracity of the model 
predictions for larger areas of southern Louisiana by targeted 
shallow groundwater sampling and analysis. 
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Deep sandstone reservoir quality is key factor for the 

exploration of Zhangjiaduo oilfield, North Jiangsu Basin. 
Based on the observation of casting thin sections, scanning 
electron microscopy(SEM), X-ray diffraction, and burial 
history analysis, abnormal high pressure caused by 
undercompaction inhibited the compaction of reservoirs which 
resulting weak compaction and developed a large number of 
intergranular pores; however, Fu 3 interval has deeply burial 
depth. Moreover, in the fine-grain sandstone reservoirs, the 
quartz overgrowth and the cementation of ferrous calcite have 
been restricted by the high matrix content and the premature 
closure of the diagenetic system; therefore the fine-grain 
reservoirs are mainly affected by clay cementation and the 
compaction is the major control factor of reservoir properties. 
Since undercompaction is more significant at deep syncline, 
the undercompaction-caused abnormal pressure can offset part 
of the overlying strata pressure caused by the increasing burial 
depth; therefore, high-quality reservoirs can be found at deep 
syncline. Abnormally high pressure, sedimentary facies, and 
diagenesis indicate that bar sandstones in deep-syncline under 
high pressure have developed high-quality reservoirs which 
confirmed by recent drilling wells. Moreover high-yield oil 
production was obtained, which indicates the breakthrough in 
deep syncline oil-gas exploration. 
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Basaltic melts are understood to originate in the mantle as 

partial melts of spinel or garnet peridotite that may or may not 
contain pyroxenite veins from recycled crust. The chemical 
effect of having a two-lithology mantle on the composition of 
basalt is not well understood at the level of major element 
abundances. An added complication is that chemical 
interactions between the core and the mantle may enrich 
oceanic island basalt (OIB) sources in iron (Fe) relative to 
manganese (Mn) and mask a “pyroxenite” effect. 
Systematically higher Fe/Mn ratios in Hawaiian OIBs relative 
to MORB and Icelandic OIBs may be due to such core-mantle 
interaction [1] or due to Mn-retention in pyroxenite-rich 
mantle sources [2]. The discrimination of these two effects is a 
first-order issue in mantle geochemistry.  

We report new, precise measurements of the abundances of 
69 elements, including all major elements, determined by laser 
ablation ICP-MS on glasses of MORB and Loihi seamount 
OIB. Ga/Al and Ge/Si are not significantly fractionated during 
crystal-liquid fractionation processes but are sensitive to the 
source mineralogy. Recently reported partition coefficients for 
these elements [3] show that Ga/Al is sensitive to the 
garnet/spinel ratio and effectively discriminates MORB from 
Hawaiian lavas on the basis of spinel vs. garnet peridotite 
melting, respectively. Furthermore, Ge is compatible in garnet, 
incompatible in olivine, pyroxenes do not fractionate Ge/Si. 
Thus, partial melts (<80%) of garnet pyroxenite of MORB 
composition have lower Ge/Si than any MORB or Loihi 
glasses, indicating that pyroxenite partial melts contribute little 
by mass fraction to Hawaiian or MORB melting. Current 
peridotite Ge values are known too poorly for modeling the 
Ge/Si, even in MORBs. 

 
[1] Humayun et al (2004) Science 306, 91-94. [2] Sobolev et al 
(2007) Science 316, 412-417. [3] Davis et al (2013) Geochim. 
Cosmochim. Acta 104, 232-260.  
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Representative gas samples were collected from 

southwestern Taiwan, where many hot springs and mud 
volcanoes are distributed along tectonic sutures, for gas 
composition and helium and carbon isotopes measurement 
before and after the 1999 disaster seismic swarm. No 
significant variations of gas composition were observed in mud 
volcanoes. Chunlun hot spring is located on the Chuko fault 
zone, which has been considered as one of the most potential 
faults to be re-activated in SW Taiwan. Originally, the 
bubbling gases of Chunlun hot spring exhibit higher helium 
isotopic ratios (3He/4He=4.0~5.9Ra) before 1999 Chi-Chi 
Taiwan Earthquake. However, its helium isotopic 
compositions decrease significantly after the main shock. The 
gas has been obviously mixed with the crust and/or air 
component due to the faulting. Another earthquake (M=6.4) hit 
SW Taiwan again at 10:19 October 22 local time. Its epicenter 
was closer to the stations where we collect samples in this 
study. The 3He/4He ratio of Chunlun gas drops dramatically 
from 3.7Ra to 0.7Ra two weeks before this earthquake. 
Consequently, the ratio is down to 0.13Ra, which is clearly 
dominated by crust component. Such kind of variations, 
including CH4/CO2, CO2/3He and 3He/4He ratios, can also be 
found in other stations before and after earthquake. It indicates 
that the variations of gas compositions may be useful as a 
precursor of earthquake. 
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Located in south section of the Daxing’anling metallogenic 

belt, the Bianjia polymetallic deposits include three types: 
typical hydrothermal vein-type Pb-Zn-Ag deposit, breccia type 
Cu-Pb-Zn deposit and porphyry type Mo-Sn-Cu deposit. 
Adittion to, each deposit was derived from a intrusive rock. In 
order to determine the diagenetic age of the deposit,and their 
relationship, LA-ICP-MS U-Pb age study is conducted on the 
zircons in the gabbro, granite and quartz porphyry associated 
with the mineralization. The results suggest that the gabbro, 
granite and quartz porphyry were crystallized in 135 Ma, 130 
Ma and 145 Ma, respectively. So we can get the process of 
three ore-forming: (1)gabbro causing filling vein type deposit: 
gabbro was intruded from the North-West along a fault 
structure, leading to the ore fluid migration and enrichment 
along the cracks. (2)granite derived breccia deposit: the 
overlying and later than gabbro intrusive in same direction, 
multi-source gas,intrusion of magma top heating fluid 
accumulation, resulting in magma intrusion and a gas-liquid 
aggregation, high-pressure cryptoexplosion, bearing ore fluid 
injection, enrichment and mineralization. (3)quartz porphyry 
lead to porphyry deposit:the area is affected by Yanshanian 
orogenic movement with the intensely folded, faulted, this 
quartz porphyry is rich Cu,Mo and Sn sulfur metal elements 
derived from the evolution of crust and mantle. The magma 
were derived from lithospheric mantle and formed in 
extensional tectonic setting, and accompanied with ore-
forming from early to late Yanshanian. This work was 
financially supported by grants from the Natural Science 
Foundation of China (Nos.41272110, 41373068). 
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The porphyry deposits accompany with trace elements as 

Re, Co, Au, Ag, except major metallogenic elements Cu and 
Mo. Considering low price Mo market, the comprehensive 
utilization of byproduct metals is great significance and 
environmental benefits [1]. We study Dexing porphyry Cu-Mo 
deposit, survey the cross section over all alteration zones, find 
that Re has close relationship with Mo, so is Ag with Cu, and 
Mo and Re exist in phyllic  alteation zone. In addition to, Re is 
the main containing in molybdenite, also occurring in minor 
trace minerals in pyrite, chalcopyrite, bornite, chalcocite. This 
time, we find Re is also in tungsten minerals (iron and tungsten 
scheelite). Mo and Re are main distribution in two alteration 
zone of potassium and quartz sericitization. Overall, the Mo 
and Re are from the center outward distribution sequence: 
Mo(Cu,Re)→ Cu,Au→ Cu,Ag→ Co. Cu, Mo mineralization is 
mainly in the mineralized strong sericitization zone, then 
potassium alteration zone;Au,Ag mineralization and Cu 
mineralization have high relativity, and in low potassiumearly 
belt and green pan sericitization zone, their mineralization are 
weak. Elements zoning phenomenon is similar to Sar 
Cheshmeh porphyry copper molybdenum deposit in Iran [2]. 
This work was financially supported by grants from the Public 
Welfare Industry of the Ministry of Land and Resources 
(201311072) and the Natural Science Foundation of China 
(Nos.41272110, 41373068). 
 
[1] Grabezhev A I.(2013) Geology of Ore Deposits, 55, 13-26. 
[2] Aminzadeh B, Shahabpour J, Maghami M.(2011) Resource 
Geology, 61, 290-295. 



 Goldschmidt2014 Abstracts  

 

2777 

2777 

Preliminary studies on melt inclusions 
and volatile analysis in basalts 

recovered from Australian-Antarctic 
Ridge 

YUNSEOK YANG1,2, JUNG HUN SEO1  
AND SUNG-HYUN PARK2 

1Energy Resource Engineering, Inha University, Korea, 
zinid@kopri.re.kr 

2Division of Polar Earth-System Sciences, KOPRI, Korea 
 

Australian-Antarctic Ridge (AAR), located in the south of 
Tasmania, is extension of eastenmost Southeast Indian Ridge. 
In January 2013, Korea Polar Research Institute (KOPRI) 
dredged basaltic rocks from the axis and off-axis seamounts of 
the AAR using Icebreaker Araon. Collected rock samples 
contain fine subhedral or anhedral olivine, plagioclase, and 
pyroxene phenocrysts. Off-axis seamount basalts contain more 
olivine phenocrysts compared to axis basalts. Olivine 
phenocryst in the seamount basalt contains many melt 
inclusions. While some of the olivine contains “homogeneous” 
glassy melt inclusions, most of the melt inclusions were 
observed to be internally crystallized. We picked olivine grains 
containing glassy melt inclusions, and analyzed major 
elements. The qualitative EPMA spectrum of the melt 
inclusions show Al, Mg, Si, Ti, Cr, Fe, Ni element peaks. High 
Mg/Fe ratio of the host olivine suggests high crystallization 
temperature of the olivine in the basaltic magma. 

Quantitative understanding of sulfur and halogen elements 
in igneous rocks in MOR might give a better insight into the 
volatile circulation in the Earth’s mantle. Qualitative SIMS 
(Secondary Ion Mass Spectrometry) transient signals 
demonstrate that the Antarctic KR1 basalts contain sufficient 
sulfur and halogen elements to be determined. We synthesized 
homogeneous and halogen-rich basaltic glasses for external 
Standard Reference Material (SRM). Basalt powder was mixed 
with compounds such as KI, NaI, CaCl2, KCl, FeS2, CaF2, 
Fe3O4, LiBr to produce the halogen and sulfur-rich glass beads. 
Double polished glass beads were checked for its halogen and 
sulfur contents, and its homogeneity. 
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Most tin deposits are in the form of cassiterite associated 

with granitic rocks. To understand the formation of tin 
deposits, it is necessary to improve our knowledge on the 
saturation condition of cassiterite and the transport property of 
Sn in granitic melts. [1] studied the effects of fO2 and melt 
composition on SnO2 solubility and tin diffusivity in 
haplogranitic melts containing about 6 wt% H2O; however, 
they did not investigate the effects of H2O content and only 
conducted the experiments at one pressure-temperature 
condition. Furthermore, their diffusion data are scattered and 
most likely compromised by convection during their 
experiments [2]. It was reported by [3] that the	 diffusivities of 
a series of trace elements (including Sn) in trachytic and 
phonolitic melts, with the addition of 1–2 wt.% water to the 
melt, increased the tin diffusivity by about one order of 
magnitude relative to anhydrous melts. Here, we report new 
cassiterite dissolution experiments in rhyolitic melts at 850-
1300°C, 0.5 GPa, and 0.8-6.0 wt% H2O, performed in a piston-
cylinder apparatus to determine cassiterite solubility and Sn 
diffusivity as a function of temperature and H2O content. The 
data have for applications for tin ore-forming processes. In this 
study, we characterized H2O content accurately by FTIR both 
before and after the experiments. Preliminary interpretation of 
the data indicates that Sn diffusivity increases strongly with 
increasing temperature and H2O content. More work is in 
progress to quantify the dependence of SnO2 solubility and Sn 
diffusivity in granitic melts as a function of temperature, H2O 
content and the oxidation state of tin in the melt. 
 
[1] Linnen et al 1995, Geochimica Cosmochimica Acta Linnen 
et al 1996, Geochimica Cosmochimica Acta [2] Zhang et al 
2010, Reviews in Mineralogy [3] Behrens and Hahn, 2009, 
Chemical Geology 
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Channel iron deposits (CIDs) in Western Australia are ore-

grade accumulations of pedogenic goethite/hematite ooids that 
formed during intense chemical weathering in a Miocene 
climatic extreme. Oolitic goethite/hematite samples from cores 
drilled in CID on Mesa J in the Robe River area were obtained 
from the CSIRO. 18O/16O and D/H measured in goethite 
samples that are also analyzed using (U-Th)/He and 4He/3He 
chronometry provide information on temperature, timing of 
crystallization, and isotopic characteristics of ancient water. 
Admixed minerals complicate oxygen isotopic analysis of 
goethite, but the CID samples provide an opportunity to 
compare (1) results from a method that uses the kinetics of the 
goethite-hematite phase transition with (2) results obtained 
using a mass balance approach. The data obtained thus far 
from the two methods are in reasonable agreement for the test 
CID material. The goethite δ18O value is -2.4‰. The δD value 
is -153‰. For ancient meteoric waters whose δD and δ18O 
values plot on, or very near, the modern GMWL, the oolitic 
goethite isotopic composition implies a temperature of 
crystallization of about 18 (±3)°C. The corresponding δ18O 
value of the ancient GMWL-type water was -9.3‰. If 
representative, such a negative δ18O value for the low altitude 
Miocene meteoric water suggests that local precipitation 
intensities at that time were substantially higher, on average, 
than today. Moreover, the inferred temperature for the 
Miocene subtropics may reflect seasonal crystallization of 
pedogenic goethite, perhaps at times when cloud cover and 
intense rainfall had cooled the soil to some extent.  
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The composition of crustal fluids reflects their source, the 

rocks with which they have interacted and the P-T conditions 
under which interaction took place, and most importantly the 
phase diagram for the H2O – CO2 – salt system. The solubility 
of gas species and related volatile elements in water is strongly 
affected by salinity (“salting-out”), and so except under deep 
mantle conditions fluids are either low salinity H2O – gas 
fluids or brines low in gas. Depending on the bulk composition 
of the system, there may be a single fluid or two coexisting 
immiscible fluids, although these separate rapidly due to 
different transport properties. Both types of fluid are well 
known from all geological settings and neither can be 
considered as distinctive of any one origin. 

Brines are usually dominated by Na, Ca, K and/or Fe, with 
the proportion of divalent to monovalent cations normally 
increasing with salinity. The concentrations of transition metal 
cations primarily reflect chloride concentration and 
temperature, with Fe becoming a major component in 
magmatic brines. Most brines contain significant Ca which 
prevents high concentrations of sulphate, bicarbonate, fluoride 
or phosphate in the fluid. 

Low salinity CO2-rich fluids are also widespread and are 
commonly rich in reduced S and As. Examples of such fluids 
are found in fluid inclusions from the Muiane pegmatite, 
Mozambique. These contain a highly evolved magmatic fluid 
low in Ca but rich in As, Sb, Be, Li, Au and B as well as all the 
alkali metals, at concentrations of 100’s to 10,000’s ppm and 
demonstrate a different pattern of metal enrichment from that 
commonly found in brines.  
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The Eocene volcanic rocks in north-central Iran are 

confined in a narrow zone trending parallel to the suture 
around the central Iran tectonic block, along which a short-
lived branch of the Neotethys opened and closed in the 
Cretaceous. These volcanic rocks, similar to those from east 
Pontide (NE) and north Anatolia (N-central), Turkey, were 
mainly produced during the Eocene flare-up associated with 
the Arabia-Eurasia convergence. The rock suite includes 
basalt, trachyandesite/andesite and trachydacite/rhyolite lavas 
and pyroclastic deposits and evolved compositionally from 
calc-alkalic to shoshonitic. Their normalized trace element 
concentration patterns show a moderately enriched light/heavy 
REE ratio and depletions in Nb and Ta, as well as Ti in the 
more felsic rocks. They have moderate ranges of Pb isotopic 
(206Pb/204Pb =18.55–18.93, 207Pb/204Pb = 15.55–15.65, and 
208Pb/204Pb = 38.49–38.01) and a narrow range of 143Nd/144Nd 
(0.51267-0.51272) ratios. The new analyses indicate that the 
parental magmas of the volcanic rocks were derived from a 
common mantle source that had been enriched by fluids 
released from subducted oceanic slab. The fluids introduced 
significant amounts of LILE, but neglible HFSE to the source. 
The parental magmas underwent fractional crystallization to 
produce the range of volcanic rocks, and assimilation of upper 
crustal materials as indicated by the high 87Sr/86Sr  ratios (up to 
0.7079) of differentiated lavas. Integration of new analyses 
with regional data suggests that the Eocene volcanic rocks 
from north-central Iran, together with the ~coeval volcanic 
rocks in east Pontide and north Anatolia were most probably 
derived from an enriched source that involved both 
lithospheric and asthenospheric mantle before the Arabia-
Eurasia collision. 
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The Deep penetration methods for geogas and mobile 
elements survey were evaluated in the 210 gold belt. The 
experimental results in this paper confirm that these methods 
can effectively indicate the concealed ore bodies under the 
regolith cover. The drilling investigations revealed the “C-
shape” distribution patterns of the mobile gold. The geogas and 
soil samples in surface anomalies were collected, in which the 
size, morphology and component of the particles were 
characterized by transmission electron microscope. Gold-
copper and gold-bismuth nanoscale particles were observed in 
the geogas and soil samples. It is believed that the nanoscale 
particles sourced from the underlying concealed ore bodies are 
likely to cause the surface geochemical anomalies. The 
nanoscale particles could travel upwards to the surface, during 
which the geogas and soil anomalies were developed in pore 
space and soil. Due to the large superficial area, the nanoscale 
metal particles can be associated with micro bubbles and 
transported upwards by the geogas carriers. In addition, the 
nanoscale particles could migrate upward [1] just like gas. On 
the ground surface, some of the nanoscale particles retained in 
the geogas, while the others could be captured by soil barriers 
such as clay, iron and manganese oxides. The dissociation and 
desorption of the nanoscale particles from soil particles’ 
surface during their migration upwards probably created the 
“C-shape” distribution patterns of the mobile gold in vertical 
profiles in drilling holes.  

 
Key words: Gobi-overlay; concealed gold deposit; 

nanoscale metal particles 
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Introduction: The ability of prokaryotes to perform 

dissimilatory selenium reduction is a remarkable biological 
adaptation that allows Se(VI)-respiring microorganisms to 
populate ecological niches in Earth’s subsurface. Advances in 
genetics and genomics have made it possible to elucidate the 
mechanisms of microbial Se(VI) reduction and the ancillary 
metabolic pathways required for selenate reductase activity. 
This presentation will report the results of our recent studies on 
the iron-sulfur cluster and molybdopterin biosynthesis genes in 
Se(VI)-respiring bacteria, and the role of the Fe-S and Mo 
cofactors in dissimilatory selenium reduction. 

Experimental Approach: The catalytic subunit of the 
selenate reductase is predicted to bind a bis-molybdopterin 
guanine dinucleotide cofactor and a [4Fe-4S] cluster. To 
determine if the molybdenum and iron-sulfur cofactors are 
required for selenate reduction, we examined the selenate 
reductase activity in mutant strains impaired in the Moa 
molybdopterin biosynthesis pathway and Isc iron sulfur cluster 
assembly pathway. Genetic complementations were performed 
with the mutants deficient in selenate reductase activity to 
establish the role of specific genes in selenate reduction 
activity. Mutants strains were grown in defined media 
containing a known amount of NaSeO4. Selenate reduction 
activity was monitored by sampling the cultures and 
quantifying the loss of selenate using ion chromatography. 

Results and Discussion:  Mutants carrying deletions of 
the moaA, moaB, moaE, or mog gene in the molybdopterin 
biosynthesis pathway lost the ability to reduce selenate.  
Deletion of the iscU gene in the Isc iron sulfur assembly 
pathway also resulted in complete loss of selenate reduction 
activity. Genetic complementation by the wild-type sequences 
restored selenate reduction activity in the mutant strains. These 
results study indicate that both the molybdenum and iron-
sulfur cofactors are essential for the functioning of the selenate 
reductase enzyme. The biochemical pathways for molybdenum 
and iron-sulfur cofactor biosynthesis and the evolution of Se-
respiring bacteria will be discussed. 
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The degree of chemical equilibration (hereafter as Ke), 

defined as the cumulative mass fraction of the metalic core in 
equilibrium with the silicate mantle during the Earth accretion 
processes, greatly influences determination of the timing of the 
Earth core formation [1]. If Ke is larger than ~0.4, Hf-W 
chronology implies a fast accretion in less than 30 Myr for the 
Earth. Otherwise, Hf-W data can only be used to constrain the 
Ke instead of timing [1]. Here we use the two-phase first-
principles molecular dynamics (FPMD) [2] to constrain the 
solubility of light elements in liquid iron in equilibration with 
silicate melt at temperatures from 2500 to 4200 K, pressures 
from 20 to 120 GPa, and two compositions simplified from the 
“O-bearing” and “Si-bearing” bulk Earth model compositions 
of McDonough [3]. The solubility data are then used in the 
simulations of the many possible accretion scenarios of the 
Earth as outlined in [4], considering magma ocean depth, 
homogeneous vs heterogeneous accretion etc. For each 
accretion route, we calculate the effective core-mantle 
equilibration degree (Ke),  

 
 
 
 

where Kei and Wi are the core-mantle equilibration degree 
and the accreted mass fraction of the ith step, respectively. The 
successful Ke are selected based on the criterion that the 
resulting Earth’s core must meet the required density deficit 
[5]. The Ke in those successful simulations are all found to be 
larger than 0.57, implying that the core-mantle differentiation 
has to occur early [1], within 30 millions years from the 
beginning of the solar system as originally stated [6]. We show 
[7] that FPMD calculations lend strong support to the classical 
geochemical mass balance approach in accessing light 
elements in the core [3].  
 
[1] Rudge et al (2010) Nature Geosci 3, 439. [2] Zhang & Guo 
(2009) GRL 36, L18305. [3] McDonough (2003) Treatise 
Geochem 2, 547. [4] Rubie et al (2011) EPSL 2, 301. [5] Birch 
(1952) JGR, 57, 227. [6] Yin et al (2002) Nature 418, 949. [7] 
Zhang and Yin (2012) PNAS 109, 19579 

Ke = Kei !Wi
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Pyroxenite xenoliths entrained in a late Cretaceous basaltic 

dike from the eastern North China craton provide important 
constrains on the compositional modification of the lithophere 
during the Mesozoic. Two types of pyroxenites, namely 
websterite and garnet pyroxenite were identified on the basis 
of their mineral assemblages. Their equilibrium temperature, 
falling within the temperature range of the lower crustal 
xenoliths entrapped in the same dike suggest that they were 
derived from the lower crust rather than from the lithospheric 
mantle. The convex upward REE patterns exhibited by the 
websterites, along with their lower concentrations of highly 
incompatible elements indicate that they were high pressure 
cumulates, the compositional features of the garnet pyroxenites 
also suggest their cumulative origin. The extremely 
unradiogenic Nd and radiogenic Sr isotopic compositions of 
the websterites imply the contribution of crustal materials to 
their sources, we propose that the precursor melts of 
websterites were derived from a mantle source which had been 
modified by the subducted continental crust of the Yangtze 
craton following the collision with the North China craton in 
the Trassic. The Sr and Nd isotopic compositions of the garnet 
pyroxenites are consisitent with the suggestion that their 
precursor melts were derived from an mantle source which had 
been metasomatized by melts released from the Proto-Tethyan 
oceanic crust which was subducted into the mantle prior to the 
subduction of continental crust of Yangtze craton. The 
occurrence of pyroxenite at the depth of lower crust provide 
solid evidence that the lithospheric mantle of the the North 
China craton had been severely modified by the recycled 
oceanic and continental crust resulted from the collision 
between the Yangtze craton and the North China craton. This 
work is financially supported by the National Natural Science 
Foundation of China (grant: 91214203). 
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The geologic time interval extending from the end of the 

Proterozoic to the early Cambrian, particularly the Ediacaran-
Cambrian (Ed-C) transition (~541Ma), is marked by dramatic 
environmental changes and biological innovations. Here, we 
present sulfur isotopic compositions of sedimentary pyrites 
(δ34S and Δ33S) across the Ed-C transition from the Xiaotan 
section, Yunnan, South China. Our sulfur isotope 
measurements are aimed to test the leading hypothesis that a 
change in atmospheric oxygen and biological evolution 
occurred at this time. We also use data to evaluate processes 
associated with ventilation by observation of marine 
sediments. We observe highly positive δ34S values in range of 
13.5‰-35.8‰, accompanying large variations in Δ33S (-
0.044‰ to 0.064‰). We plot the data in δ34S-Δ33S space and 
evaluate these data using a context provided by a steady-state 
sulfur cycle model. Two scenarios are examined. The first 
scenario attributes the isotopic variation to a high degree of 
sulfate reduction in marine sediments system, indicating the 
rate of sulfate reduction surpassed the rate of pore-water 
sulfate supply. The second scenario invokes fully exchange of 
sulfate between the world’s ocean and the South China basin, 
and diagenetic pyrite is thought to be formed in open marine 
sediment system. The predictions of seawater sulfate-sulfur 
isotope based on both scenarios are testable with future 
measurements of carbonate associated sulfate, a proxy of 
ancient oceanic sulfate. 
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China is currently the largest energy consumer in the 

world, where over 65% of the country’s installed electricity 
capacity is fueled by coal combustion. China is also the 
world’s largest producer and consumer of coal in the world, 
accounting for nearly half of the world’s coal consumption. 
During the coal combustion process, many toxic by-products, 
including fly ash containing high concentrations of metals and 
metalloids, are produced and released from the stacks. These 
particles can deposit on agricultural land within the vicinity of 
the power plant, eventually releasing metal contaminants into 
the soil solution available for plant uptake. 

In this study, we determine the contribution of fly ash to 
Pb contamination of agricultural soils near Yangluo Power 
Plant (PP), the largest coal-fired power plant (2400 MW 
capacity) in Hubei Province, China. Soils were collected at two 
depths (surface and 10 cm) along the preferential wind path 
from the power plant at 62 sites within a 10 km radius. 
Furthermore, we were able to obtain fly ash and pulverized 
coal mix from the Yangluo PP to obtain the isotopic ratios of 
the two end members considered in the mixing model. Dilute 
nitric acid extractable Pb was quantified using quadrupole 
inductively coupled plasma-mass spectrometry (Q-ICP-MS) as 
a high through-put method (precision 0.1 to 0.3%) for 
determining the Pb isotope ratios (207Pb/206Pb and 208Pb/206Pb) 
of the exchangable fraction. Supervised land use classification 
was applied to SPOT4 imagery of the study area to determine 
the total cropland area potentially receiving fly ash deposition 
from Yangluo PP using a comprehensive dispersion modeling 
system.  

Together, these data can provide insight into the 
contribution of coal combustion to metal contamination of 
croplands using a high-throughput stable isotope source tracing 
method.  
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Introdution 

The Hannuoba basalt, which is located in the northern part 
of Hebai Province, is well known o is abundant utramafic and 
mafic xenliths. The Hannuba bsaltic field coves an area of 
about 1700 km2, constituing a basaltic plateau as part o the 
inner Monolia Plateau. Reported in the paper are the Sr, Nd 
and Pb isotope date for ten gabbroic Xenoliths. 
Discussion of Result 

With εNd (t) of -4.1～-7.5, (87Sr/86Sr)i of 
0.704989～0.708496, (206Pb/204Pb)i of 16.307～17.425, 
(207Pb/204Pb)i of 15.224～15.507 and (208Pb/204Pb)i of 
37.198～37.910,all alkai basalts are concentrated in a small 
area, tholeiitic basalts are isotopically more diverse than alkai 
basalts and sit along the of the bulk earth, and the Hannuoba 
lherzlites are almot scattered in the whole deleted field 
,whereas gabbros are located in an isotopically enriched field. 
This indicates that the sources of basalts are quite different. 
Conclusion 

Based on the above information, it is proposed that the 
gabbroic xenliths are these  products of mantle magma activity 
in the early history. The produced basaltic partial melts, when 
uprising, would undergo diferent degrees of segregation and 
mixing and be preserved ultimately at the depth on the 
boundary between the lower crust and the upper mantle as 
underplating. They may be the cumulates and diferentiates,and 
represent a series of samples ranging from liquids to residue 
genetically related to multiple mantle melting events. To sum 
up, the gabbic xenliths from Hannuoba are more mafic than 
basalts, obviously diferent in both incompatible and 
compatible trace element contents,low in radiogenic Pb and 
highly eniched in Nd and Sr isotopes. Their isotpic variations 
can be ascribed mainly to various multiple melting,subsequent 
segregation and long-term evolution, partly dueto the diference 
in mineral proportion. 
 
[1] Wang YX, Gu LX, Zhang ZZ, Wu CZ et al 2006. 
Geochronology and Nd-Sr-Pb isotopes of the bimodal volcanic 
rocks of the Bogda rift. Acta Petrologica Sinica, 22 (5): 1215-
1224  
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Diffusion of dissolved Si in pore water is one of the major 

factors controlling the rate of chemical weathering. The charge 
and polymerization degree of dissolved Si depend on pH and 
the concentration of Si (Fig. 1). To evaluate how the effective 
diffusion coefficient of Si (De,Si) is affected by the charge and 
polymerization degree and how De,Si differs from De of K and 
Cl (De,K, De,Cl), through-diffusion experiments were conducted 
at 25 °C using two sandstone and one rhyolite. In this 
experiment, a rock sample is sandwiched between a diffusion 
source reservoir and a measurement reservoir, and De is 
determined by monitoring solute concentration in the 
measurement reservoir. Comparison of De,Si, De,K, and De,Cl at 
pH 5-7 revealed that De,Si were 2.3-3.0 times smaller than De,K 
and De,Cl [1]. This is largely because the diffusion coefficient of 
Si in free water is smaller than those of K and Cl by a factor of 
~1.7 but might be also partly attributed to the precipitation of 
Si in the pores. While the dominant Si species at pH 5-7 is 
Si(OH)4 (Fig. 1), at pH 11 the dominant species is SiO(OH)3

− 
when Si concentration is low and the fractions of multimeric 
species increase with increasing Si concentration. For Si 
source concentrations of ~0–20 mM, De,Si values at pH 11 and 
pH 6 were similar [1]. De,Si value at pH 11 decreased with 
increasing Si source concentration, suggesting that the 
diffusion coefficients of Si multimers were lower than those of 
monomer. 

 
 
 
 
 
 
 
 
 
 

 
Figure 1: Speciation of dissolved Si vs. pH in equilibrium 
with amorphous silica (a) and at [Si]total=2 mM (b), calculated 
using equilibrium constants reported in [2] (0.6 M NaCl). 
 
[1] Yokoyama (2013) Water Resour. Res. 49, 1-11. [2] Sjöberg 
et al (1985) Acta Chem. Scand. A 39, 93-107. 
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The study area located in the Eastern Pontide Metallogenic 

Belt hosts many  active and abondoned Volcanogenic Massive 
Sulfide (VMS) deposits. Mine wastes and acidic drainages 
from these abondoned mines put serious threat on the 
environmental health. This study focuses on determining the 
kinetics and mechanisms of metal release from wastes of an 
abondoned mine (Kuvarshan, Artvin), which was not in 
operation since 1945. Chemical and mineralogical 
characterization of the mine wastes were performed through 
XRF, XRD analyses and examination of polished sections, 
respectively. The rates of metal release were determined from 
humidity cell tests which lasted for a year. Leachates sampled 
weekly from the humidity cells were monitored for pH, 
electrical conductivity, ORP, alkalinity/acidity, sulfate, and 
metal contents. 

Sulfide minerals (1-2 µm to 2 mm) in the wastes is 
composed of  mainly disseminated pyrite and minor amounts 
of chalcosite and sphalerite. Other minerals include quartz, 
jarosite, gypsum, kaolinite, hematite, and goethite. Leachates 
obtained from the wastes showed strongly acidic  character 
with a pH value ranging from 1.4 to 3 throughout the tests. 
Sulphate concentrations in the leachates was significant and 
mostly around 2-3 g/L. Rate of sulphate release was initally 
fast (10-15 g/kg/week), then slowed down to a rate of around 1 
g/kg/week and later showed a increase trend. The amount of 
metal release in the leachate was also significant with 
decreasing order of Fe, Al, As, Cu, Zn, and Mn.  Furthermore, 
metal releases from the mine wastes exhibited similar 
behavior. Initally fast rate of  metal release indicated the 
adsorption of metals to the easily exchangable sites. Later 
decrease in the rate of metal release was controlled by the rate-
limited desorption process. During the humidity cell tests, drop 
in the rate of metal release was followed by an increase trend 
at the later times. The increase in rate of sulphate and iron 
release along with a decrease  in leachate pH indicated the 
initiation of pyrite oxidation in the mine wastes during the test.  
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Formation of secondary sulfate minerals in metal sulphide 

deposits plays a significant role in sequestration of metals in 
the surfical enviroments. This was demonstrated in a historic 
abondoned copper mine - Kuvarshan, located at the 
Northeastern of Turkey.  Discharges and precipitates formed 
were sampled seasonally, representing dry and wet periods, 
and anayzed for chemical composition and mineral contents 
via ICP-MS, XRF, and XRD studies, respectively.  

Results showed that chalcanthite, chalcocyanite, 
chalcoalumite, jarosite, rozenite, and siderotil  were the forms 
of metal-sulfate salts determined in the precipitates. Forms of 
sulfate salt and the degree of metal release in the mine 
discharges, being high in wet period, showed seasoal variation. 
Formation of sulphate salts governed the recycling of Cu, Fe, 
and Al in the mine discharges. 

 
 
 
 
 
 
 
 

            a                                           b 

c 
Figure 1. Several views from Kuvarshan mine: (a) discharges 
enriched with sulfate salts (b) precipitation of sulfate minerals 
(c) acidic pond developed in mine waste 
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The adsorbent material which made by lithium manganese 

oxide–based have been developed for the recovery of lithium 
from seawater. To maximize the recovery efficiency, it is 
important to prevent microfouling of lithium adsorbents. To 
understand of marine biofouling by bacterial communities on 
the lithium recovery adsorbent’s surface, on-site experiment 
carried out in Okgye Harbor, Gangneong, Korea. The lithium 
adsorbents exposed to seawater for a certain period of time and 
collected after 7-day, 14-day and 21day in May, August and 
Novemmber. Confocal laser scanning microscope (CLSM) 
was used to detect the degree of defacement on surface of 
lithium adsorbents. Attached to lithium adsorbents biomass of 
phytoplankton were observed using optical microscope and 
UV-spectrometer. As the results, abundances of attached 
phytoplankton were augment during longer immersing time. 
Biomass of phytoplankton was higher in 14-day exposing 
sample than 21-day sample  in August. CLSM images were 
supported to amount of biofouling by fluorescence signals. In 
summer case, the amount of microbial fouling was decrease 
after 21-day exposing.  

Figure 1. Biomass of 
microbial using UV-
spectrometer 
 

Figure 2. CLSM images of microbial fluorescence on the 
lithium adsorbents in August 
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Boron (B) isotopic compositions in marine carbonates have 

been widely applied for reconstruction of oceanic pH in the 
past. However, these studies have assumed constant B isotopic 
compositions in the ocean and no significant isotopic 
fractionation has occurred during sorption/precipitation of B in 
marine carbonates. In this study, we have evaluated in detail of 
the B and δ11B sorption behavior using FeCr2O4	  nanoparticles 
in seawater-like matrix at various pH conditions, aimed to 
explore new possibility to apply B and δ11B in oxide phases 
and clays for environmental reconstruction. The distribution 
coefficient (Kd) of boric acid and the associated fractionation 
factors (α3/4) as a function of solution pH were examined 
systematically and precisely determined. It is evident that the 
Kd values were critically depended on the boric speciation in 
solution, as well as the surface characteristics of minerals, and 
followed a linear trend at pH  6~8. At higher pH, Kd decreased 
sharply from 50 to zero (pH 10~12). On the other hand,  the 
isotopic fractionation factors increased gradually with pH, 
α3/4 of 0.975 and 1.098 at pH 6 and 12, respectively. The 
isotopic differences between solids and liquids (Δ11B) display 
an excellent linear relationships with the pH, Δ11B 
=4.8295*pH-45.677 R2=0.9833, under the designed 
experimental conditions. The observed large, but linear 
fractionation of δ11B in solutions make B isotope a potential 
sensitive proxy for studying solution pH during oxide mineral 
adsorption. 
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Troposphere concentrations of N2O, a greenhouse gas with 
~300 times the radiative forcing of CO2, are estimated to 
increase at an annual rate of ~0.3%, with marine waters 
accounting for 10-33% of the global tropospheric source [1]. 
Coupled measurements of coastal surface water 222Rn 
concentrations and dissolved N2O indicate submarine 
groundwater discharge (SGD) is a potential source of N2O to 
marine waters [2]. In order to accurately model future marine 
N2O contributions to the troposphere, it is important to 
understand the mechanisms of N2O formation in sandy coastal 
aquifers prior to diffuse SGD. The goal of this study was to 
investigate the factors controlling dissolved N2O production in 
coastal aquifers of two Long Island Sound embayments.   

Results show that in systems with an upper saline plume 
(USP) and underlying freshwater discharge zone, N2O was 
positively correlated with the formation of excess N2. In these 
coastal aquifers less than 42% of freshwater sourced nitrate 
was denitrified, indicating N2O formation is linked with partial 
denitrification processes. In coastal aquifers without an USP, 
N2O formation was anti-correlated with excess N2 production 
in spring and fall sampling periods.  Dissolved organic carbon 
was strongly positively correlated with N2O formation in all 
settings. These results indicate that partial denitrification, 
driven by dissolved organic carbon in the upper saline plume, 
is a likely mechanism for excess N2O production in sandy 
coastal aquifers that undergo diffuse SGD 
 
[1] Denman et al (2007) IPCC, Climate Change. [2] Wong et 
al (2013) Limnology and Oceanography 58, 1689-1706. 
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Apparent excesses in 36Cl, 26Al, 41Ca and 60Fe are often 
taken as evidence for injection of these short-lived 
radionuclides (SLRs) into the early solar system by a variety of 
sources, including supernovae (SNe) near the site of solar 
system formation. Recent studies underscore the potential 
importance of winds from Wolf-Rayet (WR) stars as a source 
of SLRs. These scenarios have also appealed to unusual 
proximity and timing to deliver the SLRs to the solar system. 
However, the apparent excesses in these radionuclides may be 
an artifact of underestimating the importance of WR winds 
relative to SNe ejecta in star-forming environments. 

A recent finding from studies of white dwarf stars suggests 
that the early solar 26Al/27Al is typical of star-forming regions 
in the Galaxy and rendors scenarios for acquiring 26Al by 
speical circumstances unlikely. A more fundamental process 
for acquiring SLRs seems necessary. 

Analysis of radioisotope abundances normalized to WR 
and SNe production vs. mean radioactive life (τR) for a two-
phase interstellar medium composed of molecular clouds (MC) 
and inter-cloud regions shows that an extraordinary correlation 
is achieved if the shortest-lived SLRs derive virtually entirely 
from WR winds. This correlation suggests that the 
fundamental process sought may be the tendency for massive 
stars to eject winds and then end their lives as black holes 
without exploding as supernovae. The result is the correlation 
between τR and production-normalized abundance bound by a 
residence time in clouds τMC shown in the Figure.   

 
If correct, the solar abundances of SLRs are not unusual 

for Galactic star-forming regions but are instead typical. 
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The San Joaquin River (SJR) is a highly eutrophic river 
draining large agricultural areas and other land uses in the 
Central Valley, California. A long-term increase in nitrate 
concentrations has been observed in the SJR during the past 50 
years, and groundwater may be a significant source of 
additional nitrate, contributing to high algae growth and low 
dissolved oxygen levels. In order to better understand 
groundwater variability and groundwater-surface water 
interactions, water samples were collected from multi-depth 
monitoring wells along both sides of the river, within the 
streambed using drive point samplers, and along detailed 
downstream surface water transects. The nitrate isotopic 
composition of the samples was used to identify nitrate sources 
and dominant biological processes controlling nitrate 
distribution within the SJR. The groundwater samples showed 
a wide range of nitrate concentrations, isotopic compositions, 
and redox conditions, suggesting that groundwater –surface 
water interactions were highly variable along the length of the 
river. Isotopic mass balance calculations indicated that 
unmonitored nitrate sources and sinks, including groundwater, 
were significantly more important than in-stream algal uptake 
and denitrification for controlling surface water nitrate 
distributions, except during short periods of time with the 
highest algal growth.  
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Polycyclic aromatic hydrocarbons (PAHs), some of which 
are among the strongest carcinogens, are mainly derived from 
anthropogenic emissions and released into the atmosphere as 
airborne particles and gases. They may deposit and accumulate 
in remote cold regions, and can potentially affect the 
ecosystem. Origin identification is indispensible to the 
control strategies for environmental pollutants. Source 
apportionment and transport distance are the basic studies on 
origin identification. 

The hailuogou glacier, located in the Gongga Mountain 
(7556m a.s.l.) in the east-edge of Tibetan plateau, has been 
considered as a typical maritime glacier by the tremendous 
impacts of the southwest and southeast monsoon. The major 
mass source to nourish the glacier is solid precipitation while 
snow is one of the most effective carriers of pollutants. 

Snow samples at three sits were collected from Hailuogou 
glacier of Gongga Mt. during the November 2012 and January 
2013. The concentration of 16 kinds of polycyclic aromatic 
hydrocarbons (PAHs) in the snow samples was detected by C18 
SPE discs-GC-MS. The results showed that the total 
concentrations of the 16 kinds of PAHs in snow of different 
sits are from 163.7ng/kg to 281.4ng/kg with the highest 
content of phenanthrene and the mass percentage of 2-4 ring 
PAHs ranges from 92.0% to 93.7%. The short-term 
distribution, source apportionment and maximum transport 
distance of the PAHs were researched. It was concluded that 
the levels of PAHs in snows didn’t show obvious variation 
from November 2012 to January 2013 and the PAHs pollution 
in Hailuogou snows was mainly caused by coal combustion 
source which are located from Hailuogou at a distance of less 
than 357km. 

This work was supported by the National Natural Science 
Foundation of China (41073085) and Construction plan of 
research innovation team of Sichuan province universities 
(12TD001).  
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Southern Yare composite pluton is considered as a typical 
emergence of barren Miocene porphyry system, which is 
located in the western Lhasa terrance, Tibet Plateau. Previous 
studies of the pluton declared that the U-Pb age of this 
Miocene prophyry system was 16 ~ 17 Ma and the magma 
originated from ancient lower crust melting. To enhance our 
understanding for the petrogenesis of this prophyry system and 
correlation between the barren and fertile systems, we 
conducted Hf-O isotopic analysis, i.e., zircon in situ Hf 
isotopic ratio on LA-ICP-MS and O isotopic ratio on SIMs. 
After 49 data points were  collected, the zircon Hf isotopic 
ratio εHf(t) ranges from -13.5 to -3.52. For oxygen isotope, 
δO18 is from 6.24 to 8.75 (22 data points). Comparing with 
other Miocene porphyry systems located in Lhasa terrance, 
especially the eastern area, the porphyry in our study area, 
which also represents the westen Lhasa terrance and barren 
system, shows more enrichment in Hf isotope and higher δO18 
values. On the δO18-εHf(t) plot, it shows a significantly 
negative correlation between barren porphyry and fertile 
porphyry. This indicates that the barren porphyry system, 
represented by Southern Yare pluton, has the most negative 
εHf(t) values and highest δO18 values; while the fertile porphyry 
systems, such as the cases of Qulong and  Chongjiang, both 
siutated in Lhasa terrance, own positive εHf(t) values and lower 
δO18 value in contrast. Combined with the major and trace 
element data, we infer that the origin of Miocene porphyry 
system from Southern Yare composite pluton is contributed by 
the melting of ancient lower crust. Lack of juvenile crustal 
compositions may explain why the porphyry formed in western 
Lhasa terrance did not evolve into porphyry copper deposits. 
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African dust can transport across the tropical Atlantic and 
reach the Americas, exerting far-reaching impacts on climate 
and air quality. The transported dust influences the surface-
atmosphere interactions and cloud and precipitation processes 
through perturbing the surface radiative budget and 
atmospheric radiative heating and acting as ice nuclei. Dust 
also influences biogeochemical cycle and climate through 
providing nutrients vital to the productivity of ocean biomass 
and Amazon forests. Assessing these impacts relies on an 
accurate quantification of dust transport and deposition. 
Currently model simulations show extremely large diversity, 
which calls for a need of observational constraints. Kaufman et 
al. (2005) estimated from MODIS that about 144 Tg of dust is 
deposited into the tropical Atlantic and 50 Tg of dust into the 
Amazon in 2001. However, several studies have argued that 
the oversimplified characterization of dust vertical profile 
would have introduced large uncertainties. In this study we 
assess the trans-Atlantic dust transport and deposition using 7 
years (2007-2013) observations from CALIPSO lidar. 
CALIPSO acquires high-resolution aerosol extinction and 
depolarization profiles in both cloud-free and above-cloud 
conditions. The unique CALIPSO capability of profiling 
aerosols above clouds offers an unprecedented opportunity for 
examining uncertainties associated with the use of MODIS 
clear-sky data. Dust is separated from other types of aerosols 
using the depolarization measurements. We found that on the 
basis of 7-year average, 118~142 Tg of dust is deposited into 
the tropical Atlantic and 38~60 Tg of dust into the Amazon 
basin. Substantial interannual variations are observed during 
the period. Previous MODIS-based estimate appears to fall 
within the range of CALIPSO-based estimates; and the 
difference between MODIS and CALIPSO estimate is largely 
attributed to the interannual variability, which is corroborated 
by long-term surface dust concentration observations in the 
tropical Atlantic. Considering that CALIPSO tends to 
underestimate the aerosol loading, our flux estimate is likely to 
represent a low bound for the dust deposition estimate.  
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Paddy soils undergo regular flooding and drying during 
rice-growing period, which dominates redox conditions, and 
therefore elemental transportation, and mineral dissolution and 
precipitation in soils. Fe isotope ratios can be used to 
investigate anthropogenic effects on paddy soils because Fe 
mobility and Fe isotope fractionation are sensitive to redox 
conditions. Generally, ferric (III) species are immobile and 
ferrous (II) species are mobile in solution [1-2]. During 
reduction, light Fe isotopes prefer to partition into the solution 
as mobile Fe (II), leaving the residue enriched with heavy Fe 
isotopes [3]. 

Soil samples chosen in this study were collected from a 
2.6m vertical profile of paddy soil from Suzhou, located in the 
lower reaches of the Yangtze River of China. It includes an 
anthrostagnic epipedon (0-28cm), a hydragric horizon (28-
205cm), and a gley horizon (205-260cm). Samples were 
collected every 3-5 cm through the profile to closely monitor 
Fe concentration and isotopic variations along the profile. The 
Fe2O3

T of most samples in this profile are close to 5 wt.% with 
slight variation, while samples from two layers (110-160 and 
220-230 cm) have higher Fe2O3

T (11-14% and 8%, 
respectively). δ56Fe changes with depth, showing a strong 
negative correlation with Fe2O3

T. For instance, 56Fe values of 
the two Fe-rich layers have δ56Fe lower than other samples by 
more than 0.2‰. 

Fe concentration and isotopic variations are clearly related 
to anthropogenic activity. During the flooding season, the Eh 
in the top layer of soil decreases due to quick consumption of 
oxidative materials, including the reduction of Fe (III) to Fe 
(II). While solutions with light Fe isotopes moved to the 
unsaturated layer (110-160 cm) with relatively higher Eh, Fe-
rich minerals (Fe nodules) with low δ56Fe precipitate there. 
Below this layer, the Eh of soils is so low that Fe (II) and light 
isotopes can be transported in groundwater due to water 
movement. 

 
[1] Millero et al (1995) Mar. Chem. 50, 21-39. [2] Millero 
(1998) EPSL 154, 323-329. [3] Johnson et al (2002) EPSL 195, 
141-153.   
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It has been documented that there are several 

supercontinent cycles in the earth evolution history, Paleo-
proterozoic Columbia, late Mesoproterozoic to early Neopro-
terozoic Rodinia, late Neoproterozoic to early Paleozoic 
Gondwana and late Paleozoic Pangea ones.  

South China Block consists of Cathaysia and Yangtze 
blocks. Two blocks have different Precambrian crust 
components and amalgamate to an united continent in early 
Neoproterozoic (900-800Ma). New dating results indicate that 
the Cathaysia block underwent multi-phases of tectonothermal 
events, which are related with assembly and breakup of 
supercontinents.  

The 1.90-1.88 Ga high-grade metamorphic rocks and S-
type granites and 1.87-1.85 Ga A-type granites in WS Zhejiang 
suggest a Paleoproterozoic orogeny occurring in the East 
Cathaysia and related with the supercontinent Columbia. 
Petrologic, chemical and Nd-Hf isotopic comparisons suggest 
the Cathaysia is most likely to link with South Korea and 
Lesser Himalaya, North India in the Columbia cycle.  

Detailed zircon U-Pb dating results show abundant ~2.5 
Ga and ~1.0 Ga clastic materials with minor 3.3-3.0 Ga and 
~3.8 Ga ones in the basement rocks in the Nanling area, 
implying that the southern Cathaysia had or was close to a 
Grenvillian orogen developing on an old basement. Much 
similar age spectrum to those in East India and East Antarctica 
suggest affinitive link of the southern Cathaysia with them in 
supercontinent Rodinia cycle. 

A early Paleozoic sedimentary rock in East Cathaysia 
contains 39% Pan-African-age, 22% Grenville-age, 13% 
Mesoproterozoic and 11% late Paleoproterozoic detritus. 
Abundant Pan-African ages suggest that East Cathaysia was 
closely connected with the Gondwanaland in early Paleozoic. 
These data demonstrate that the Cathaysia has maintained long 
link with East Gondwanaland from Paleoproterozoic to early 
Paleozoic times for about 1400 Myr.  

This study was supported by NSFC Projects (grant Nos: 
41272085 and 41330208). 
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Here we present a precise, accurate and fast determination 

method of δ13C value in dissolved organic carbon (δ13CDOC) 
based on wet-oxidation [1] and gas chromatography-
combustion-isotope ratio mass spectrometry (GC-C-IRMS). 

Two standard solutions, potassium acid phthalate (KHP) 
and sucrose (SUC), with concentration from 5 mg/L to 30 
mg/L were analyzed by this method. Within each run, 3 ml 
sample and 9 min were needed for GC-C-IRMS. The results 
showed a precision <0.2‰ and were accurate enough 
compared with that determined by an elemental analyzer 
coupled to IRMS [2] (table 1). 

 
 GC-C-IRMS EA-IRMS 

KHP 
SUC 

-28.0±0.15‰ 
-12.2±0.20‰ 

-27.9±0.19‰ 
-12.0±0.11‰ 

Table 1: Comparison of δ13CDOC values by GC-C-IRMS and 
by EA-IRMS. 

 
A series of KHP solutions with concentration from 1 mg/L 

to 30 mg/L were also determined to build a standard curve by 
which the DOC concentration of an unknown sample could be 
obtained. The sample concentration and peak area were fitted 
well in the double logarithm coordinate (R2=0.998) and the 
relative errors were lower than ±20% within a single run. 

Conclusively, this high-efficiency method could determine 
the δ13CDOC precisely and accurately. Additionally, it is 
applicable for more isotope laboratories all over the world 
since the GC-C-IRMS system has been commercialized for 
many decades. 

 
[1] Lang et al (2012), Rapid Communications in Mass 
Spectrometry 26, 9-16. [2] Gandhi et al (2004), Rapid 
Communications in Mass Spectrometry 18, 903-906. 
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Dawsonite（NaAlCO3(OH)2）,as a tracer mineral of CO2 

migration and accumulation on geological scale ， is a 
carbonate mineral contain sodium and aluminium and formed 
under the condition of high CO2 partial pressure. This means 
the dawsonite-bearing sandstone could serve as an idealized, 
natural laboratory for studying fluid evolution of CO2 basin 
and the mineral trapping of CO2. Dawsonite is abundant in the 
sandstone of the Cretaceous Quantou Formation in southern 
Songliao Basin, which provides a good geologic basis for this 
study. 

In this research, observation of polarizing 
microscope,scanning electron microscope and fluid inclusions 
have been taken on 32 sandstone samples from 4 wells. The 
result indicated that the parageneic sequence  
of authigenetic minerals is as follows: clay, quartz 
overgrowth,dawsonite,calcite and ankerite. The overgrowth 
quartz is easily observed and contains abundant brown-dark 
brown primary hydrocarbon fluid inclusions in the shape of 
oval or irregular with the size of 4–15μm,revealing light 
yellow to pale yellow-green light under the UV fluorescence. 
Dawsonite occurs asfoliated columnar or radial cluster，
chrysanthemum and randomly oriented fibers, is the most 
abundant authigenetic mineral and filling in intergranular pores 
as cement or replacing the earlier quartz overgrowth.  

Diagenetic sequence and fluid inclusion observation 
indicate dual infilling of early hydrocarbon and late CO2 exists 
in the studying area. Na Liu(2009) and Jinxing Dai (1995)‘s 
conclusions of inorganic magmatic origin of CO2 provide 
further evidence for the determination of the timing of 
charging events. And the influx of later mantle CO2 could 
possibly lead to a property change and redistribution of crude 
oil, which provides new insights for oil and gas exploration. 

This research was financially supported by Key 
Development Plan of Science and Technology Project of Jilin 
Province in China (20110426) and the Science and Technology 
major Projects of China (2011zx05016-002). 
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Previous studies of metal adsorption onto bacteria have 

used a surface complexation modeling approach to account for 
the pH dependence of the adsorption behavior, but many of 
these studies were conducted only under relatively high metal-
loading conditions. Recently, low, but significant, 
concentrations of high-affinity sulfhydryl binding sites have 
been discovered on bacterial cell envelopes (1, 2). Here, we 
test whether Cd binding occurs onto these high-affinity binding 
sites by conducting Cd binding experiments at a range of metal 
loading conditions, and we use a surface complexation 
modeling approach to calculate the stability constant for the 
important Cd bacterial surface complex involving the high 
affinity site. 

We measured Cd adsorption onto Shewallana oneidensis 
as a function of pH under metal loadings of 2.5 – 25.0 
µmol/gwet biomass. Under all metal loading conditions, a 2-site 
model involving Cd adsorption onto Site 1 (pKa=3.9) and Site 
3 (pKa=7.0) provides the best fit to the data. The calculated 
stability constants for the Cd-Site 1 complex are similar under 
the different metal loadings. However, the calculated value of 
the stability constant for the Cd-Site 3 complex increases 
significantly as metal loading decreases from 25 to 2.5 
µmol/gwet biomass, indicating that the adsorption mechanism for 
Site 3 changes as metal loading changes and that a single 
adsorption reaction can not account for the data as a function 
of metal loading. We use the data, in conjunction with EXAFS 
constraints on the binding mechanisms (1), to constrain 
stability constants for Cd surface complexes involving both the 
high- and low-affinity sites on the bacteria. The resulting set of 
stability constants can account for the Cd adsorption behavior 
as a function of both pH and metal loading. This approach is 
crucial in order to use surface complexation modeling to 
account for metal adsorption onto bacteria under low metal-
loading conditions where these high affinity binding sites can 
dominate adsorbed metal budgets.  
 
[1] Mishra et al GCA 2010, 74, 4219-4233 [2] Yu et al 
Chemical Geology 2014 (submitted) 
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In the past 30 years, China has suffered from air pollution 

and heavy haze created by fast industrial growth and economic 
expansion. This article reviews the techniques for remediation 
of air pollution. Then, I propose a geoengineering method for 
mitigating air pollution and haze in China’s cities by using 
water to scavenge air pollution. Here, water should be sprayed 
into the atmosphere like watering garden. The scientific 
rationale and mechanism for the geoengineering scheme are 
explained. It is found that precipitation scavenging coefficients 
are very sensitive to the size distributions of both aerosol and 
raindrops, and rain intensity. I found that the water spray 
geoengineering method can reduce the PM2.5 pollution in the 
atmosphere very efficiently to 35 lg m-‐3 level in a very short 
time period from few minutes to hours or days, depending on 
the precipitation characteristics. In addition, the water spray 
geoengineering method has excellent advantages such as 
rapidity, already available technology, low cost, and a nature-
like process. This proposed geoengineering scheme can be one 
of the answers for fighting air pollution in the cities globally. 
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Magnetite is one of the major Fe(II)-bearing minerals, and 

the reduction of Cr(VI), Tc(VI), As(V), U(VI) by structural 
Fe(II) in magnetite via a coupled reduction-sorption 
mechanism has been investigated widely. However, because of 
its small surface area, easy aggregation, and the formation of a 
passivation layer on the surface by transformation of magnetite 
to geothite and maghematite, which would stop further 
reduction, the sorption  and reduction effciencies of magnetite 
is low for high concentration pollutant. Sepiolite is a porous 
and fibrous hydrated magnesium silicate nanominerals and has 
been used to capture heavy metal ions from water 
environment, due to its high surface area (more than 200 
m2/g), low cost, and ubiquitious occurrence. Herein, magnetite 
functionalized sepiolite was prepared by microwave assissted 
method. The magnetite nanoparticles loaded on the sepiolite 
surface were characterized by XRD, SEM, TEM and XPS 
techniques, respectively. The batch experiments about the 
reduction and immoblization of Cr (VI) reveal that magnetite 
modified sepiolite has good removal efficiency, and the 
reduction of Cr (VI) is affected by the weight ratio of 
magnetite to sepiolite in this composite. Cr ions are adsorbed 
through ion exchange or surface complexation. The composite 
of magnetite functionalized sepiolite strengthens the role of 
magnetite in redox rections of Cr (VI). Furthermore, the 
composite could be easily separated from solution due to its 
obvious magnetic property. As the oxidation state of Cr 
determines its toxcity, solubility, mobility and fate, and Cr (III) 
is much less mobile and lower toxic relative to chromate, the 
magnetite functionlized sepiolite composite would have vast 
potential applications in water environment treatment.  
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Eruptive sequences can be used as windows into the 

thermal and chemical evolution of magma chambers. We 
examined a vertical section of the Baichahe basalt flow, one of 
the youngest magmas associated with the Pliocene Chifeng 
flood basalt in Inner Mongolia, North China. The section is 
~40 m thick and comprised of nine continuous lava flows. 
From bottom to top, MgO (7.7-8.7 wt. %) and CaO increase, 
K2O, SiO2, LREEs and other incompatible elements decrease, 
and Nb/La, Ce/Pb and radiogenic Pb isotopic ratios increase.  
Elemental variations indicate that evolved lavas erupted first 
and then progressively became more primitive. While the 
elemental systematics can be readily explained by pure 
fractional crystallization, such a scenario cannot explain 
variable incompatible element ratios and Pb isotopes, nor can it 
physically explain the temporal trend to more primitive 
compositions. Variable Pb isotope and incompatible element 
ratios require a component of crustal contamination, most 
likely of a lower crustal component (unradiogenic Pb, low 
Ce/Pb and low Nb/La) in the earliest erupted lavas.  However, 
crustal contamination with or without fractional crystallization 
(e.g., AFC) cannot explain all the elemental systematics. For 
example, AFC processes should cause more substantial 
decreases in MgO and Nb than what is observed due to the low 
Mg and Nb contents of continental crust relative to the 
primitive basalt endmember. We find instead that continuous 
recharge by a primitive magma, in combination with AFC type 
processes, is necessary to simultaneously explain all of the 
geochemical systematics. In particular, to explain the temporal 
trend towards more primitive compositions, the proportion of 
recharging magma to assimilation and fractional crystallization 
must have increased during the lifespan of the magma 
chamber. These geochemical trends suggest that the delivery 
of fresh basalt to the magma chamber may have become more 
efficient with time, perhaps enabled by thermally induced 
relaxation of the initially cold crustal wallrock. If so, this could 
imply that the magma chamber increased in size during the 
eruptive lifespan of the flood basalt province.  
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Kinetics of mineral dissolution/growth have been long 

studied to understand diverse magmatic processes, such as 
magma crystallization and assimilation. The dissolution and 
growth of plagioclase, a common igneous mineral in Earth, 
Moon and other planets, is often encountered in igneous 
petrology and, e.g., lunar magma ocean evolution. However, 
the investigation of its kinetics has been limited, and the 
relative role of interface reaction and mass transfer is not 
known. 

We carried out time-series diffusive dissolution 
experiments of anorthite (An#95) in basaltic melt at 1280-1500 
°C and 0.5 GPa conditions, using ½ inch piston cylinder 
asparatus. The data show that interface melt composition 
depends on experimental duration for the sets of experiments 
at 1280°C, and 1330°C, while such dependence cannot be 
resolved at higher temperatures (1400°C, and 1500°C). The 
dissolution distance also deviate from pure diffusion control. 
That is, the data indicate that interface reaction plays a role in 
controlling the dissolution of anorthite at ≤ 1400°C for short-
duration experiments. Monte Carlo simulation was used to 
numerically simulate the compositional diffusion profiles in 
the basaltic melt, incorporating the roles of both interface 
reaction and diffusion. Effective binary diffisivities (EBD) of 
Al2O3, TiO2, FeOt, and MgO, Al2O3 concentration at anorthite 
saturation (Cs), and reduced interface reaction rate (Va) were 
obtained from the simulation. Temperature and compositional 
dependence of EBD of Al2O3 in this study and literature data is 
examined and the variation of Al2O3 EBD can be related to 
melt composition variation, with higher degree of 
polymerization reducing Al2O3 EBD.  Dependence of Cs is 
fitted to approximate the anorthite saturation condition in 
basaltic melt. And for the first time, we’ve experimentally 
obtained the reduced interface reaction rate Va for anorthite 
dissolution, and its temperature dependence. 

In addition to providing the reduced interface reaction rate 
data as well as saturation and diffusion data, our results can be 
used to model diffusive and convective anorthite dissolution 
and growth in basaltic melts. Specifically, we will discuss 
modeling results for the kinetics and dynamics of convective 
anorthite growth in a lunar magma ocean to explore the 
conditions for the formation of an anorthite crust.  
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Apatite fission track (AFT) technique is a newly key to 

understand regional uplift, denudation, ore deposit change and 
preservation. This work will use apatite fission track method to 
probe into the change and preservation of the Biaxitai gold 
deposits, North-eastern China. The Xiaxitai gold deposits is 
located within the Jiapigou shear zone in the northern margin 
of the North China Craton. In this belt, auriferous quartz vein 
types of gold deposits dominantly exist besides a few 
disseminated types of ore deposits. Post-formation change and 
preservation of ore deposits are important component parts of 
both ore deposit geology and mineral exploration.  

A total of 8 fission track analysis results have been 
achieved for the apatite samples from gold ores in different 
locations. The apatite fission track ages could be divided into 
three groups, i.e., 128-111 Ma, 86-64 Ma and 48-29 Ma. The 
first group age recorded that subduction direction of Pacific 
plate deflected about 80º from SW in 125 Ma to NW in 100 
Ma. The third group age coincides with the North China 
Tectonic Epoch (52-23.3 Ma) when the Pacific plate 
subduction anticlockwise rotated from NW to NWW.  

Based on modeling results using apatite fission track 
method, there were three stages of geological thermal histories: 
160-85 Ma, 85-30 Ma and 30-0 Ma. The three stages have both 
the cooling rates of 1.30℃/Myr, 0 and 2.50℃/Myr, and the 
denudation thicknesses of 2.0 km、0 and 1.6 km respectively.  

Thus, the Xiaxitai gold ore district has about 3.6 km 
denudation thickness. According to the mineralizatin 
temperature and pressure, the Xiaxitai gold ore deposits 
formed in depth of 3-5 km. It is shown that a small part of ore 
bodies have been eroded, but a majority of ore bodies still keep 
in the deep, indicating a potential ore prospecting.  

This work was supported by the Nature Science 
Foundation of China (the project Nos. 41172088, 40872141 
and 41230311).  
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Most known H2O content reaches 3.25% and the content of 

F2 is within 5.21 - 8.58%. It is known that the Al can be 
replaced by Fe3+, Cr3+, Mg, Ti3+, V3+. Ge and Ga content are 
achieved, respectively, 700 and 50 ppm. Despite the fact that 
Topaz Mountain on Sherlovaya known for 290 years, has so 
far been published only one of its chemical analysis (54.8 
Al2O3; 0.36 Fe2O3; 33.26 SiO2; 0.47 H 2 O and 8.49% F2) 
[1]. 

We have created 237 electron- probe analyzes of five 
samples of topaz crystals of different colors . Installations 
content Fe, Mn, Cr, V, Ti, Ga and Ge less than 0.001 FC 
(formula coefficient). Fluorine content ranging from 1.524 to 
1.702 of FC. The ratio of fluorine and hydroxyl contents all 
studied crystals of topaz Sherlovaya Gora belong to fluoric 
ratio Formula coefficients of fluorine and hydroxyl from 0.76 
to 0.96. In most analyzes set deficit and excess Si Al with a 
clear inverse correlation between them attesting to the 
isomorphic substitution of aluminum silicon tetrahedral 
positions. 

First discovered in topaz phosphorus from 2 to 46 ppm (up 
to 0.01 FC). By EPR spectroscopy topaz , a correlation 
between the intensities of the signals of paramagnetic centers 
of P and Al and confirmed its tetrahedral position Distribution 
of chemical elements of the matrix is zonal. In the periphery, 
the zonal crystals considerably decreases the content of F and 
OH, P and Al is increased. Contents of F, Al, Fe, Ga and Ge 
from early to later generations is reduced. For F and Al (FC) 
1.780 - 1.611 and 2.021 - 2.001, respectively. 
 
[1] Minerals. Book of reference. V.III, Issue 1. – Moskov: 
Nauka, 1972. – 884 p. 
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The sulfates of magnesium, copper, zinc, iron, manganese 

and in smaller measure of cobalt and nickel are widely 
widespread in the geotechnogenic landscape of the tin-
polymetallic Sherlovaya Gora deposit mine factory activity 
during 30 years. They are periodically formed on a vapour and 
other geochemical barriers from the temporary water streams 
in hot weather. They are presented by series of minerals with 
various number of crystalline hydrate water molecules: Cu - 
chalcanthite (CuSO4•5H2O), bonattite (CuSO4•3H2O), 
poitevinite (CuSO4•H2O), chalcocyanite (CuSO4); Mg - 
epsomite (MgSO4•7H2O), hexahydrite (MgSO4•6H2O), 
pentahydrite (MgSO4•5H2O), starkeyite (MgSO4•4H2O), yet 
not described in literature MgSO4•3H2O, kieserite 
(MgSO4•H2O); Zn - goslarite (MgSO4•7H2O), bianchite 
(ZnSO4•6H2O), boyleite (ZnSO4•4H2O), gunningite 
(ZnSO4•H2O); Fe - melanterite (FeSO4•7H2O), siderotil 
(FeSO4•5H2O), rozenite (FeSO4•4H2O), szomolnokite 
(FeSO4•H2O). The presented sequence of sulfates formation 
with various number of crystal water is caused by the Gibbs 
energy advantage versus liquid water ΔfG0(H2O)=-237.1 
kJ/mole (Fig.).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The Gibbs energy of formation from elements for 
divalent metal sulphate hydrates by least-squares interpolation 
straight lines.  
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A unique feature of Itakawa particles and Genesis targets 
are exposed intact surfaces to violent space environments. A 
noble gas mass spectrometry has measured implanted noble 
gasses of Solar wind from these return samples [1, 2]. A TEM 
study demonstrates that solar wind particles were implanted in 
the surface thin layer of Itokawa particles [3]. However, spatial 
distribution of solar noble gases has not been determined ever 
from natural samples. In order to determine nano-scale 3-D 
distribution of solar wind particles in astromaterials, we 
develop a novel mass spectrometer of sputtered neutral mass 
spectrometry (SNMS) using tunneling ionization. The 
development was started from 2004 at one year after launching 
of Hayabusa spacecraft [4]. Recently, we have newly 
developed new generation SNMS capable to detect tens ppma 
He from ~50 nm area on solid surface [5].  This project will be 
figured out how distribute He (and other noble gases and H) in 
the surface layer of Itokawa particles and Genesis targets with 
tens nm resolution. If such distribution is clarified, we can 
apply atomic mechanisms in solid analyzed by mineralogy and 
crystallography, such as diffusion, partitioning, etc., to 
conventional noble gas cosmochemistry. As a result, behavior 
of noble gas in minerals can be used to monitor changes of 
space environments in such a way as to use trace element 
behavior applying to terrestrial environmental research. 
Therefore, this project is the first step to pioneer a new 
research field of noble gas mineralogy or noble gas 
astromineralogy although the first target is focused for space 
weathering. 
 
[1] Grimberg A et al 2008, GCA 72  626-645. [2] Nagao K et 
al 2011, Science 333 1128–1131. [3] Noguchi T et al 2011, 
Science 333 1121–1125. [4] Ishihara M et al 2010, Surf. 
Interface Anal. 42  1598-1602. [5] Ebata S et al 2012, Surf. 
Interface Anal. 44  635-640. 
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All the distinctive tropical rainforests in Southeast Asia, 
Central Africa and South America contain oil and gas reserves. 
The Western Amazon has large reserves of hydrocarbons in 
rainforests that host unparalleled biological and cultural 
diversity, and it is home to most of the last uncontacted 
peoples living in voluntary isolation. Oil production started in 
the 1920s,  peaked in the 1970s and current growing global 
demand are stimulating a renewed growth in oil and gas 
extraction activities. About 69% of the Peruvian Amazon has 
already been tapped for oil and gas at some point in time 
between 1970 and 2009  

The Corrientes and Pastaza rivers watersheds were 
declared in 2013 under Environmental Alert by the Peruvian 
government. Unfortunately the current debate on the impacts 
of exploration and exploitation of oil resources in tropical 
rainforests is taking place with little factual scientific 
knowledge. An underlying issue is the lack of surveillance 
systems to monitor activities of oil companies in the 
rainforests, and the remoteness of the regions represents a 
challenge to undertake large scale surveys even for 
government agencies. 

To overcome some of the challenges we have compiled 
and analyzed environmental chemical data obtained by a range 
of Peruvian public agencies and oil companies over different 
periods of time. Our aim is to derive a comprehensive data set 
of the region to distill information on the distribution of heavy 
metals and hydrocarbons over a significantly large area, and 
over time, to trace the occurrence of occasional or chronic 
spills of crude oil and production waters, and their transport 
along the rivers. In addition, we have undertook field 
expeditions to ground truth the data and conduct parallel 
chemical analysis. Our results indicate that indeed 
contamination is widespread in remote areas of the Peruvian 
Amazon, and that there is a risk it may affect the human food 
chain through the consumption of wildlife by local indigenous 
people for their subsistence diet. 
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Laboratory precipitation experiments of CaCO3 provide the 
basis for understanding precipitation mechanisms and the 
common calibration of both the classic oxygen isotope and the 
new clumped isotope thermometers; these calibrations are 
thought to reflect isotopic equilibrium. Such calibration 
studies, focus predominantly on crystals that grow deep in the 
bulk of the solution, often by bubbling of N2(g) through a 
saturated Ca(HCO3)2 solution, following the classic 
experiments of McCrea (1950). Here we compare oxygen and 
clumped isotopes in CaCO3 precipitated either deep in bulk 
solution or at the surface of solutions that undergo passive CO2 
degassing. We discuss the temperature dependence of δ18O and 
Δ47 in the context of the mineralogy and morphology of the 
CaCO3 crystals. Surface precipitates are affected by enhanced 
disequilibrium that is associated with degassing and mineral 
growth under high super-saturation. They show higher δ18O 
and lower Δ47 values than those of the accepted thermometer 
calibrations. SEM images of the CaCO3 of both precipitation 
methods, show significant mineralogical and morphological 
differences. As expected, mineralogy generally changes from 
calcite to aragonite with increasing temperatures; some vaterite 
is observed in low temperature samples. Surface precipitates 
tend to form aggregates of small crystals whereas bulk solution 
precipitations remain as individual grains. Crystal surfaces are 
smoother at lower temperatures and surface precipitates, as 
compared to higher temperatures. In general, minerals forming 
in bulk solution exhibit pronounced etching of the faces, likely 
reflecting dissolution and reprecipitation, bringing the CaCO3 
closer to equilibrium precipitation. These morphological 
features are reflective of the mineral growth environment and 
rate, and together with the isotopic data are used to infer 
precipitation mechanism and equilibrium conditions. 
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Technetium-99 (t1/2 =211,000y) is mobile in the 

environment as the pertechnetate oxyanion [99Tc(VII)O4
-
(aq)]. 

Tc(VII) may react to less soluble Tc(IV) at intermediate redox 
potentials (Eo = -0.36 V) through heterogeneous	   reduction.  
99Tc is forecast to migrate through groundwater to the 
Columbia River at the U.S. DOE Hanford site in Washington 
State. Discharge to surface water will occur through a 
groundwater-surface water interaction zone with complex 
hydrogeology and biogeochemistry The reactivity of 
pertechnetate  in reduced sediments from this zone was 
investigated to determine effects of ferrous-Fe and sulfide-S on 
Tc(VII) reduction rate, and the resulting speciation and mineral 
association.   

99Tc(VII) was reduced to near or below detection over 
periods of days to months. Tc(VII) reduction rate was first 
order in [Tc(VII)]aq and sediment mass, but correlations with 
specific reductant concentrations [(Fe(II), AVS] were not 
found. Tc(IV) was isolated to aggregates of primary mineral 
material embedded within a fine-grained phyllosilicate matrix. 
EXAFS revealed that product Tc(IV) existed as combinations 
of a Tc(IV)O2-like phase ,Tc(IV)-Fe surface clusters, and/or 
TcSx. AVS was implicated as a more selective reductant. 
Aggregates were reaction centers in the coarse-textured 
sediments regardless of the dominant anoxic biogeochemical 
process. 
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Investigation of the chemical compositions of apatite 

critically hinges on the quality of the analytical analysis. The 
developments and advancements in methodology at the 
Gothenburg microgeochemical laboratory are applicable to the 
apatite analysis. Protocols have been created that remove 
assuming the concentration of one element in the trace element 
analysis by laser ablation ICP-MS. Here, a spread of CaO 
content from 52 to 55 wt% (>5% variation) in several well-
characterized apatites can be reproduced within 1% error by 
measuring all relevant elements (e.g., Ca, P, Cl, REE, Na, As, 
S), adding O stoichiometrically, assuming F to be 1-Cl and 
normalizing the result to 100 wt%. 

Such an improvement may be trivial when trace element 
patterns are plotted on a logarithmic scale (e.g., for REE 
pattern evaluation), but is critical when high precision analysis 
are required, as in laser ablation based fission track analysis 
(e.g., Soares et al 2014). We have further reduced the 
uncertainty of the fission track age by developing apatite 
standards (homogeneous fragments from Durango and Mud 
Tank) with known uranium concentrations (<2% error by ID-
ICPMS; Stockli unpublished). Contrary to earlier studies, 
errors on laser ablation-based fission track ages on apatite can 
be reduced to «10% and will primarily depend on counting 
statistics of the counted fission tracks. 

Unlocking the wealth of information stored in apatite by 
means of highly variable halogen (only Cl, Br and I are 
considered; F cannot be ionized in ICP-MS) is becoming 
possible using LA-ICP-MS, by overcoming a number of 
analytical challenges, in particular a lack of standards, low 
sensitivity and high backgrounds. While standards for chlorine 
can easily be obtained from EMPA measurements of apatite 
standards, no widely available bromine and iodine standards 
exist. This can be compensated by using synthetic halides as 
standards (e.g., RbBr and RbI). They reveal sensitivities of 
iodine comparable to most lithophile elements, while bromine 
has only 10% of the sensitivity of iodine and chlorine only 1%. 
Reduction of background is an ongoing challenge, making it 
necessary to replace all Tygon tubing (Cl-based polymere) by 
Teflon tubing. Significant reduction in the Br and I background 
signal was reached by adding a charcoal trap to clean the 
carrier gas. 

 
[1] Soares et al (2014) Phys Chem Minerals 41, 65-73. 
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These days there are data regarding geothermal springs and 
postvolcanic, hydrothermal deposit formation processes  which 
give evidence of the transportation of rare earth elements in the 
gaseous phase. Two methods have been used to study the 
solubility of solid phases of Nd2O3 and Nd(OH)3 
experimentally. The solubility of Nd(OH)3 has been researched 
through the use of a static method in autoclaves under 200, 250 
ºC and pressure ranges from 3 to 15 bars and from 5 to 38 bars 
respectively. Experimental results have demonstrated that the 
solubility of Nd(OH)3 doesn’t depend on water fugacity and 
the proposed reaction is as follows: Nd(OH)3 (solid) = 
Nd(OH)3 (gas). 

The logarithms of the equilibrium constants are -9.15±0.42 
for 200 ºC and -9.30±0.31 for 250ºC. The flow method has 
been used for exploration of Nd2O3 solubility in water vapour 
under 300, 350, 450ºC and pressure ranges from 0.025 to 0.7 
bar. An air flow of certain humidity has been forced through 
the quartz tube with Nd2O3  and was trapped in 3% solution of 
HNO3. Experimental results  showed that the solubility 
increases with water fugacity rising at all temperatures and the 
slope approximates 1.5 (fig. 1). The logarithms of the 
equilibrium constants for reaction showed on fig.1 are -
8.31±0.42 for 300 ºC, -7.74±0.31 for 350 ºC and -7.03±0.61 
for 450 ºC.  

Figure 1. The dependence of Nd fugasity in gas with water 
pressure. 
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A reasonable initial condition on Earth after the Moon-

forming impact is that it begins as a hot global magma ocean1,2. 
We therefore begin our study with the mantle as a liquid ocean 
with a surface temperature on the order of 3000-4000 K at a 
time some 100-1000 years after the impact, by which point we 
can hope that early transients have settled down. A 2nd initial 
condition is a substantial atmosphere, 100-1000 bars of H2O 
and CO2, supplemented by smaller amounts of CO, H2, N2, 
various sulfur-containing gases, and a suite of geochemical 
volatiles evaporated from the magma. Third, we start the Moon 
with its current mass at the relevant Roche limit. The 4th initial 
condition is the angular momentum of the Earth-Moon system. 
Canonical models hold this constant, whilst some recent 
models begin with considerably more angular momentum than 
is present today. 

Here we present a ruthlessly simplified model of Earth's 
cooling magmasphere based on a full-featured atmosphere and 
including tidal heating by the newborn Moon. Thermal 
blanketing by H2O-CO2 atmospheres slows cooling of a 
magma ocean. Geochemical volatiles - chiefly S, Na, and Cl - 
raise the opacity of the magma ocean's atmosphere and  slow  
cooling still more. We assume a uniform mantle with a single 
internal (potential) temperature and a global viscosity. The 
important "freezing point" is the sharp rheological transition 
between a fluid carrying suspended crystals and a solid matrix 
through which fluids percolate. Most tidal heating takes place 
at this "freezing point" in a gel that is both pliable and viscous.  
Parameterized convection links the cooling rate to the 
temperature and heat generation inside the Earth. Tidal heating 
is a major effect. Tidal dissipation in the magma ocean is 
described by viscosity. The Moon is entwined with Earth by 
the negative feedback between thermal blanketing and tidal 
heating that comes from the temperature-dependent viscosity 
of the magma ocean. Because of this feedback, the rate that the 
Moon's orbit evolves is limited by the modest radiative cooling 
rate of Earth's atmosphere, which in effect tethers the Moon to 
the Earth. Consequently the Moon's orbit evolves orders of 
magnitude more slowly than in conventional models. Slow 
orbital evolution promotes capture by orbital resonances that 
may have been important in the Earth-Moon system 
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Most environmentally and biologically relevant processes 
are controlled by the acidity of the surrounding environment. 
For instance, mineral transformation, biogeochemical 
reactions, remediation and sorption dynamics are profoundly 
affected by a charge developed at mineral surfaces, which in 
turns depends primarily on the environmental pH. 

Here we report simulation results obtained by using our 
recently developed constant-pH molecular dynamics (cpHMD) 
scheme, which we used to sample the time-dependent 
protonation imbalance between dominant crystal faces of two 
iron oxide minerals: goethite and hematite. Our cpHMD 
implementation employs a discrete protonation sampling with 
the advantage of replica-exchange in an explicit solvent model 
[1] and employing an accelerated sampling of protonation-
space by a simulated-annealing algorithm [2].  

In particular, we show that electrostatic potential gradients 
spontaneously arise between intersecting low-index crystal 
faces and across explicitly treated oxide nanoparticles. Our 
studies indicate that in some cases this fluctuating potential 
bias is large enough to sustain either a through-bulk or 
subsurface conduction of electrons provided that the electron-
hopping rate is more frequent than the repolarization of 
exposed surfaces. Our results provide atomistic proof of 
spontaneous electrostatic gradients that couple nanoparticle 
morphology to charge flow, gradients that can couple bulk 
oxide conduction and its surface reactivity, as postulated 
previously by Yanina and Rosso [3]. The findings are also 
directly relevant to observed iron isotope exchange and 
inferred recrystallization of  goethite nano- and microrods in 
contact with Fe(II) solution [4].  

This work was supported by the MNiSW grant (IP2012 
059872) and by the Geosciences Research Program in the U.S. 
Department of Energy, Office of Basic Energy Sciences, 
Division of Chemical Sciences, Geosciences & Biosciences at 
the Pacific Northwest National Laboratory operated for DOE 
by Battelle. 

 
[1] Meng & Roitberg (2010) J. Chem. Theory Comput. 6, 
1401–1412. [2] Kirkpatrick et al (1983) Science 220, 1–10. 
[3] Yanina & Rosso (2008). Science 320, 218–222. [4] 
Handler et al (2009). Environ. Sci. Technol. 43, 1102–1107.  
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Introduction 

Lichens dominate in soil cover in polar and subarctic 
regions and can serve as a source of enzymes [1] and organic 
precursors [2] for humification. Here we have studied the 
content of soluble organic compounds in lichens and have 
shown how lichen-derived organic compounds can be 
sequestered in soils. 
Materials and Methods 

Water extracts from crushed thalli of 20 lichen species 
belonging to the genera Cladonia, Cetraria and Peltigera were 
studied. Total soluble C and N was analyzed on Schimadzu 
TOC analyzer, phenolics content and composition was studied 
as described in [2]. Adsorption of lichen-derived organic 
compounds on soil samples, kaolinite and kaolinite-Al(OH)x 
was studied at pH 5 and I 0.01. 
Results and Discussion  

Soluble C and N comprise about 23% of total C and N in 
Peltigeras and about 4-10% and 28% of total C and N 
respectively in Cladonia and Cetraria spp.  The total content of 
water-soluble phenolics in Peltigeras was 12-27 µg g-1, in 
Cladonias  and Cetrarias -  2-9 µg g-1. The C, N and phenolic 
contents was 2-3 times higher in growing tips than in senescing 
parts. Soluble phenolic compounds were represented by 
conjugates of hydrozybenzoic acid (in all species studied), 
vanillic and protocatechuic acids (in some species). The study 
of non-phenolic part of the conjugates revealed the presence of 
sugars and aminoacids. Preliminary results have shown high 
adsorption capabilities of lichen-derived organic compounds 
on soil and clays. These data demonstrate that lichen-derived 
organic compounds can be stabilized in organic-mineral 
complexes and participate in the formation of humus profiles 
in primitive soils.  

 
[1] Beckett et al (2013) Fung Biol 117, 431-438 [2] Zagoskina 
et al (2013) Micobiol. 82, 445-452 
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Questions such as “What is the response of ocean 

chemistry to carbon input?” or “Does carbonate 
precipitation/burial lower atmospheric CO2?” can lead to 
opposing answers, depending on the time scale considered. 
Our current understanding of the global carbon cycle is partly 
based on theories and models, which are difficult to validate 
based on modern observations, which span at most a few 
centuries. This presentation will introduce the fundamental 
controls on carbon cycling and associated time scales. The 
predictions of carbon cycle theories and models will be tested 
against records of key geologic eras and events, including 
long-term changes during the Cenozoic, the Eocene 
hyperthermals, and more. Observational records will include 
reconstructions of changes in atmospheric CO2, stable carbon 
isotopes, ocean chemistry, and the calcite compensation depth 
(CCD). I will also comment on the apparent paradox of a 
deepening Cenozoic CCD, despite a decreasing atmospheric 
CO2 trend over the same time scale, which should have led to 
reduced weathering and CCD shoaling. Finally, I will touch on 
some new developments in the reconstruction of volcanic 
degassing, a critical parameter for long-term carbon cycle 
models. 
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Spatially resolved analysis of meteorites and other 

planetary materials is fundamental to cosmochemical research. 
Over the past decade, advances in ion and electron optics have 
led to the development of a new generation of instruments 
capable of providing chemical and structural information on 
planetary materials at increasingly smaller spatial scales. 
Secondary ion mass spectrometry (SIMS) with a NanoSIMS 
can provide isotopic information on samples down to 50 nm. 
Aberration-corrected and monochromated electron optics in 
the transmission electron microscope (TEM) coupled with 
electron energy-loss and large solid-angle energy-dispersive X-
ray spectroscopy (EELS, EDS, respectively) have enabled 
direct imaging of atomic structure and atomic-column 
spectroscopy. By themselves, the data provided by these 
instruments have enabled new insights into the origins of 
planetary materials, but coordination of these data sets, via the 
focused-ion-beam scanning-electron-microscope (FIB-SEM), 
has become an extremely powerful tool for cosmochemical 
research. Coordinated analysis will be essential for returned 
sample investigation. 

Figure 1 illustrates the coordinated approach to studying a 
presolar stardust spinel grain from a primitive meteorite. The 
grain measures 146 × 420 nm (Fig. 1a). NanoSIMS analysis 
reveals that it has an anomalous O isotopic composition 
consistent with formation in a low-mass (<1.4 M⊙) asymptotic 
giant branch star. Using the FIB-SEM, we cross sectioned the 
grain (along arrowheads, Fig. 1a) and thinned it to electron 
transparency (<100 nm) for detailed analysis using TEM (Fig. 
1b). Electron-diffraction patterns acquired across the grain 
show that it is a single crystal with minor stacking disorder and 
EDS indicates it is nearly pure and stoichiometric Mg-Al 
spinel. The crystallinity and chemistry of UOC-S2, combined 
with equilibrium thermodynamic calculations, suggest that the 
grain could have condensed inside its circumstellar envelope at 
a temperature between 1161 and 1221 K assuming 
corresponding total gas pressures of 1×10-6

 and 1×10-3
 atm, 

respetively. The implications of this result for circumstellar 
processes, together with other examples of coordinated 
analytical studies, will be discussed. 
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The shale bed rich in organic matter of Yanchang 
Formation of Southeast of Ordos Basin was originated in 
continental lake basin environment and belongs to typical 
continental shale formation. In current evaluation and study, 
there are no systematic methods and criteria both at home and 
abroad. Based on a serious of monitoring for the black shale 
rich in organic matter of Member Chang 7 and Member Chang 
9 of the studied area, the organic matter feature, mineral 
composition, pore structure and distribution feature of the 
object horizons are summarized; the relations among the 
features mentioned above are discussed; the key factors 
affecting pore growing is determined. Finally, the relations of 
saturated absorbance with the features mentioned above are 
discussed and the factors controlling the absorbance shale bed 
reservoirs are identified. 
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The Prairie Pothole Region, which extends from north-

central United States into south-central Canada, hosts 
numerous glacially-derived water basins known as prairie 
pothole lakes (PPLs). Due to recharge by gypsum-saturated 
groundwaters, many PPLs evolve high levels of sedimentary 
sulfur. Elucidating suflur speciation in PPL sediments is 
essential for evaluating the ecosystem functions of these water 
bodies. 

In this study, we seek to define and quantify the solid-
phase sulfur pools in PPL sediment samples collected from 
North Dakota, USA. A quantitative X-ray microprobe method 
was developed based on sulfur K-edge X-ray absorption near-
edge structure (XANES) spectroscopy and X-ray fluorescence 
(XRF) mapping. For each sample, XRF maps were collected at 
multiple energies spanning the sulfur K-edge. Individual XRF 
maps were then stacked to create a composite sulfur chemical 
map having a seven-point absorption spectrum at each pixel 
within the area of interest. These sulfur chemical maps were 
subsequently fit with reference XANES spectra of identified 
sulfur species to extract quantitative information of sulfur 
speciation. 

Three sulfur pools – pyritic sulfur, reduced organic sulfur 
(organic mono- and disulfide), and oxidized sulfur (inorganic 
sulfate, ester sulfate, and sulfonate) – were identified in PPL 
sediments. No significant seasonal variation was evident for 
the total sedimentary sulfur level, but sulfur speciation showed 
a seasonal response. During the spring-summer transition, the 
reduced organic sulfur decreased with a concomitant rise in the 
oxidized sulfur. During the summer-fall transition, the trend 
reversed and the reduced organic sulfur grew at the expense of 
the oxidized sulfur. The pyritic sulfur remained relatively 
constant over time. The seasonal dynamics of sulfur speciation 
observed herein could have profound impacts on the 
transformation and mobilization of toxic trace elements such as 
mercury. 
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Over the past decades, rising levels of dissolved organic 

matter (DOM) in inland lakes and streams have been widely 
observed in North America and Europe. Increasing DOM 
levels in source waters presents a challenge to downstream 
drinking water treatment utilities in that the chemical 
disinfectants (e.g., chlorine) applied to inactivate waterborne 
pathogens promote the formation of toxic disinfection 
byproducts (DBPs), such as haloacetic acids (HAAs), via 
reactions with DOM moieties. A defined picture of the 
chlorine reactivity of HAA precursors is essential for planning 
of pretreatment options specific to short-term meteorologic and 
hydrologic events as well as long-term trends driven by 
climate and land-use change. 

In this study, the formation kinetics of dichloroacetic acid 
(DCAA) and trichloroacetic acid (TCAA), the two 
predominant HAA species, were delineated upon chlorination 
of seventeen model DOM precursors and sixty-eight inland 
lake water samples collected from the Upper Midwest, USA. A 
comparative method built upon the hierarchical cluster analysis 
of combined DCAA and TCAA kinetic datasets was 
established to enable a direct profiling of the chlorine 
reactivity of HAA precursors in inland lakes. 

Of particular interest was the finding that the DCAA and 
TCAA formation rate constants could be grouped into four 
statistically distinct clusters reflecting the core structural 
features of model DOM precursors, including non-β-diketone 
aliphatics, β-diketone aliphatics, non-β-diketone phenolics, 
and β-diketone phenolics. Over 70% of lake water samples 
investigated were classified as the “phenolics” groups based on 
the notion of proximity measure, suggesting that the reactivity 
of the inland lake DOM with respect to DCAA and TCAA 
formation resembled that of phenolic moieties. Furthermore, 
the clustering patterns of selected lake water samples shifted 
after photobleaching treatment and long-term dark incubation. 
Results from this work highlight the potential for 
implementing an integrated kinetic-statistical approach to 
constrain the chlorine reactivity of DOM in inland source 
waters. 
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Microbial iron reduction is associated with a wide range of 

Fe/Ca ratios in natural carbonate cements [1]. The details about 
how iron reducing bacteria affect the composition and 
morphology of carbonate are not clear. Varying solution 
compositions and iron reducing physiologies were investigated 
to understand how the specific mechanisms of a ubiquitous 
metabolism can impact carbonate precipitation.  

Solution chemistry exerted a critical control on carbonate 
precipitation by modifying grain morphology and changing 
mineral composition.  

However, different physiologies of iron reduction were 
observed to produce different carbonate precipitates (Table 1), 
even under the same bulk solution compositions. Iron reducing 
bacteria apply diverse physiologies to transport electrons to 
solid iron minerals, including membrane-bound enzymes, 
soluble electron shuttles, and proteinaceous nanowires [2]. 
Differences in precipitates were likely controlled by 
compositional and physical differences in the local 
environments of iron reduction. 

 
Physiology Mineral composition Mineral morphology 
Membrane-

bound 
enzymes 

siderite, Ca-siderite, 
Fe-calcite 

rhombohedra, 
conjoined spheres, 

spheres, sheafs 
Soluble 
shuttles 

siderite, Ca-siderite rhombohedra, 
spheres, chains 

Nanowires Ca-siderite rhombohedra 
 
Table 1: Precipitates formed by different physiologies. 

 
These results suggest that iron reducing bacteria introduce 

considerable complexity to carbonate precipitation that is 
difficult to predict from simple thermodynamic models. This 
complexity arises in part from sensitive dependence on iron 
reducing physiologies, raising the possibility that 
characteristics of the resulting precipitates may encode 
information about the bacteria involved.  

 
[1] Gluyas (1984) Clay miner 19, 309-321 [2] Weber et al 
(2006) Nature Reviews Microbiology 4, 753-764  
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Microbialites are organo-sedimentary structures found in 

abundance throughout the geological record back to 3.5 Ga. 
Although they are considered as among the oldest life remains 
on Earth, the search for fossils of microbial cells remains a 
challenge due to the difficulty to distinguish biogenic traces 
from abiotic artefacts. 

In order to improve our knowledge on these questions, we 
studied modern microbialites from four Mexican crater lakes: 
Alchichica, Quechulac, La Preciosa and Atexcac. 
Characterization of water solutions was systematically coupled 
with a mineralogical analysis of microbialites.  

X-Ray Diffraction (XRD) and Fourier Transform Infrared 
Spectroscopy (FTIR) analyses revealed a diversity of mineral 
phases including aragonite and sometimes calcite, 
hydromagnesite (Mg5(CO3)4(OH)2·4(H2O)), and more 
interestingly, a poorly crystalline hydrated silicate phase. 
Coupling of scanning electron microscopy with energy 
dispersive x-ray spectrometry microanalyses on polished 
sections showed that this latter phase is abundant, authigenic, 
rich in silicon and magnesium and sometimes associated with 
iron and manganese. The Mg/Si atomic ratio is estimated to 
3/4 by electron microprobe analyses, suggesting that this 
mineral phase is similar to an hydrated poorly crystalline talc 
phase (Mg3Si4010(OH)2, nH2O).  

A diversity of morphologically well preserved microfossils 
was observed in this mineral phase. The structural and 
chemical features of these potential fossils were further studied 
down to the nanometer scale using a combination of Focused 
Ion Beam (FIB) milling, Transmission Electron Microscopy 
(TEM) and Scanning Transmission X-ray Microscopy (STXM) 
at the carbon and magnesium K-edges and iron L2,3-edges. 
These results suggest that the poorly-crystalline hydrated 
magnesium-rich silicate may result from a biomineralization 
process. Implications for microbial fossilization in ancient 
rocks will be discussed. 
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Since the term “geogas” (namely ascending gas flow) was 

proposed by Kristiansson K and Malmovist L in the 1980s [1], 
many researchers have found metals in the geogases [2]. 
However, no direct evidence has been observed to demonstrate 
the occurrences and formation of the metals. 

To investigate it, metals in geogases and soils were first 
collected over a concealed gold deposit and its background 
region in desert terrain. Then they were observed using a 
transmission electron microscope (TEM) equipped with an 
energy dispersive spectroscope. The observation results 
showed that gold-bearing nanoparticles occurred in geogases 
and soils over the ore body. Particle diameters of gold range 
from several nanometers to hundreds of nanometers. The gold 
nanoparticles tend to occur in clusters and occur as alloys. 
Another one important thing is that there are no gold 
nanoparticles in geogas and soil samples collected from the 
background region. 

As is known to all, gold is the most noble of all metals. It 
can not be imagined that gold can migrate tens of metres from 
orebody to the surface through chemical dispersion or 
mechanical dispersion in desert terrain where groundwater is 
too deep to help the migration of gold. Findings of gold 
nanoparticles in geogases and soils over a concealed gold 
deposit indicated that 1) ascending gas flow may play an 
important role in the migration of gold from the underlying 
concealed ore body to the surface; and 2) the nanoscale particle 
is the main form for gold to be transported by geogases; and 3) 
nanoparticles can be trapped by soil geochemical barriers 
during their upwards transportation. 

This work is financed by the SinoProbe Project 
(SinoProbe-04-03) and the National Natural Science 
Foundation of China (41203038). 
 

[1] Kristiansson et al (1982). Geophysics, 47, 1444-1452 [2] 
Wang et al (1997). Journal of Geochemical Exploration, 58, 
63-72 
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North China Craton (NCC) is one of the oldest Cratons in 

the world, and mainly composed of the Eastern and Western 
Block as well as Trans-North China Orogen (TNCO). Of 
which, Western Block is subdivided into north part of Yinshan 
Block and south part of Ordos Block. Except the Ordos Block, 
the Precambrian metamorphic basement are widely outcropped 
in other blocks, and their evolutionary history from Archean to 
Palaeoproterozoic was well constrained. However, the early 
crustal evolution of Ordos block is poorly understood due to 
thick covering of the Meso-Proterozoic and Phanerozoic 
stratigraphy.  

To better constrain the Precambrian evolution for Ordos 
Block, we carried out in-situ U-Pb dating and Lu-Hf isotopic 
analyses on zircons of the granitic gneisses from the drill holes 
in the Ordos Block. The U-Pb dating reveals that their protolith 
were formed at 2.49, 2.16 - 2.14 Ga, and 2.04 - 1.99 Ga. Their 
εHf(t) range from -3.53 to 4.81 for 2.49 Ga gneisses with TDM

C 
of 3.07~2.66 Ga, from -9.75 to 9.79 for 2.16 - 2.14 Ga gneisses 
with TDM

C of 3.10~2.14 Ga, and from -12.23 to 4.39 for 2.04 – 
1.99 Ga gneisses with TDM

C of 3.13~2.27 Ga, indicating 
heterogeneous source material involving both older reworked 
and juvenile components. In addition, a 3.40 Ga inherited 
zircon with a characteristic of magmatic zircon was determined 
from the 2.16 Ga granitic gneisses, providing a direct evidence 
for the existence of Meso-Archean crust in the Ordos Block 
and implying that the Meso-Archean crust was possibly more 
widespread than previously thought in the NCC. 

Combined with the data of the zircon U-Pb ages and Hf 
isotopes from other block of NCC, our new results suggested 
that Ordos Block possibly formed in the Meso-Archean, and 
became an important part of NCC at ~2.5 Ga, and then 
experienced similar tectonic evolution with the Eastern Block 
and TNCO during the Paleo-Proterozoic. 
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Shale gas exploration is a hot field in unconventional oil 

and gas exploration in China. Black shales in the Longmaxi 
Formation of the Lower Silurian developed in southeast 
Sichuan and northern Guizhou are widely distributed with a 
great thickness and rich in organic matters. The Longmaxi 
Formation is the favorable strata of shale gas exploration in 
South China. 

High quantity and high quality of organic matters are the 
main condition for high quality source rocks. The 
paleoenvironment which had an important effect on the 
quantity and quality of sedimentary organic matters was 
greatly influenced by the tectonic movement occurred in 
southeast Sichuan and northern Guizhou since the period of 
late Sinian. It has an important geological signification for this 
region to reveal the paleoenvironment of the source rocks. 

On the basis of the research data at home and abroad, 
integrated with the results of geochemical test data of the 
Longmaxi Formation (the tested samples from 30 field profiles 
and 12 wells), we discussed the trace elements, REE 
geochemical characteristics, stable isotope and organic matters, 
recovered the paleoenvironment of the Longmaxi Formation. 
The results showed that the effective source rocks are mainly 
concentrated in anoxic reduction environment of deep muddy 
shelf in the lower part of the Longmaxi Formation. The anoxic 
environment was destroyed in late Longmaxi stage, as a result 
of which, the preservation condition of organic matter become 
bad. This study is beneficial to the shale gas exploration of this 
area. 
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Black shales in the Longmaxi Formation of the Lower 

Silurian developed in Yangtze plate and its surrounding areas 
are one of the high quality source rocks in the marine strata of 
South China. These shales in southeast Sichuan and northern 
Guizhou are widely distributed with a great thickness and rich 
in organic matters. The Longmaxi Formation is the favorable 
strata of shale gas exploration in South China. 

Based on the data of 30 field outcrops and 12 wells, the 
characteristics of organic petrology, organic geochemical 
characteristics, sedimentary environment and its control action 
on source rock development have been studied. The organic 
maceral was dominated by marine low grade organisms and 
was classified into algae group, amorphous group, animal 
organic clastic group and secondary group. From the bottom to 
the top of the strata, the organic content was gradually 
decreased and the hydrocarbon generation potential became 
worse. The effective source rock is mainly concentrated in the 
lower part of the Longmaxi Formation. It has high abundance 
of organic matter and the organic matter is type I. Most of it is 
in post-mature stage. Luzhou to Qijiang area are the most 
favorable gas generation, followed by Shizhu to Lichuan area. 
The facies marks are summarized from a few aspects such as 
lithology, element geochemistry, well logging and 
paleontology. Eight sedimentary types are identified including 
deep muddy shelf，turbidite deposit etc. The main 
sedimentary environment is deep muddy shelf. According to 
the research of the sedimentary environment, the controlling 
factors of the source rocks development were studied. The 
anoxic retention environment and the low sedimentary rate in 
early transgression stage are the main controlling factors. This 
study is beneficial to the shale gas exploration of this area. 
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We have developed a new in situ metric for detecting the 

solid-liquid phase boundary of Fe-bearing materials at high-
pressures using synchrotron Mössbauer spectroscopy (SMS). 
The signal is characterized by the Lamb-Mössbauer factor, a 
quantity that is directly related to the mean-square 
displacement of the Fe atoms. The SMS technique provides a 
new and independent means of melting point determination, as 
well as access to vibrational properties of the solid near its 
melting point [1]. Accurate melting temperature of the sample 
is also a necessary factor in constructing reliable melting 
curves. To accurately capture the sample’s transient 
temperature fluctuations and reduce uncertainties in melting 
temperatures, we have developed a Fast Temperature Readout 
(FasTeR) system in-line with SMS measurements under 
extreme conditions at Sector 3-ID-B of the Advanced Photon 
Source. Dedicated to determining the sample’s temperature 
near its melting point, FasTeR features a fast readout rate 
(~100 Hz), high sensitivity, large dynamic range and well-
constrained focus. The SIMX module, within the software 
package MINUTI [2], has been developed to determine the 
melting point from SMS data using physically based modeling. 
By combining SMS, FasTeR and SIMX, we have successfully 
carried out measurements on candidate core materials to 
determine the melting points by monitoring the atomic 
dynamics. 

 
[1] Jackson et al (2013) EPSL 362, 143-150 [2] Sturhahn, W.S. 
(2013) http://www.nrixs.com 
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Recent studies of non-traditional stable isotopes, such as 

Mg, Ca and Fe, in silicate rocks show measurable isotopic 
variations: some reflecting isotopic fractionation between 
different phases, and some being attributed to recycling of 
surface material into deep mantle. For example, 44Ca/40Ca in 
orthopyroxenes are higher than that in the co-existing 
clinopyroxenes in mantle peridotites, which reflect inter-
mineral isotopic fractionation controlled by the strength of Ca–
O bond [1]. This observation leads to an important question: Is 
there Ca isotopic fractionation during magmatic 
differentiation? 

Basalts from Kilauea Iki lava lake, Hawaii, USA were 
produced by closed-system crystal-melt fractionation, with 
MgO ranging from 26.87 to 2.37 wt% [2]. They define a 
negative MgO-CaO trend at MgO > 7.5 wt%, reflecting olivine 
fractionation/accumulation, and a positive MgO-CaO trend at 
MgO < 7.5 wt%, controlled by clinopyroxene and plagioclase 
fractionation. Within analytical errors, they do not show 
measureable isotopic fractionations for Li and Mg [3, 4]. By 
contrast, δ56Fe and δ66Zn increase with decreasing MgO 
content in Kilauea Iki lavas, implying Fe and Zn isotopic 
fractionation introduced by crystal fractionation/accumulation 
[5, 6]. 

Here we present high-precision mass-dependent Ca 
isotopic analyses on nine basalts from Kilauea Iki lava lake 
using a 43Ca-48Ca double spike technique. Although these 
samples have undergone clinopyroxene and plagioclase 
differentiation (up to about 20 wt% for each phase), they show 
no resolvable variations in Ca isotope composition, with an 
average δ44/40CaSRM915a of 0.91±0.09 (2σ). 
 
[1] Huang et al (2010) EPSL 292, 337-344. [2] Helz (1987) 
Magmatic Processes: Physiochemical Principles. pp. 241-258. 
[3] Tomascak et al (1999) GCA 63, 907-910. [4] Teng et al 
(2007) EPSL 261, 84-92. [5] Teng et al (2008) Science 320, 
1620-1622. [6] Chen et al (2013) EPSL 369–370, 34-42. 
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Methylmercury (MeHg) is a global pollutant that affects 

human and ecosystem health. It is recognized that coastal 
environments significantly contribute to the net production of 
MeHg and regional mercury cycling. We combined field 
measurements, geochemical analyses, and 3-D surface water-
groundwater numerical modeling to study the distribution and 
flux of “dissolved” (0.45 µm filter-passing) MeHg and 
associated hydrological factors in a tidal marsh in the San 
Francisco Bay Estuary. We found surface water MeHg 
concentrations varied in the tidal channel sytem during low 
tide and reflected the combined effects of groundwater 
exfiltration and shallow pond discharge to tidal channels. Pore 
water MeHg concentrations were elevated in the root zone of 
marsh vegetation with low hydraulic conductivity sediments 
where unsaturated conditions were persistent over a tidal cycle. 
Overland flow played an important role in marsh-estuary 
exchange of filter-passing MeHg, accounting for 20.4% of 
total exchange during flood tide and 82.2% during ebb tide. 
Estuary-ward net flux of filter-passing MeHg was 5.3±2.6 ng 
m-2 during a 12-hr tidal cycle. This indicates an annual load of 
0.62±0.30 kg from all present tidal marshes in this estuary, 
which is lower than prior estimates of MeHg loads from tidal 
marshes, estuary sediment, local watersheds, or submarine 
groundwater discharge.    
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Organic matter burial in sediments is largely associated 

with clay minerals, especially, expandable clay minerals, and 
can be preserved over geological time. However, microbial 
activity can possibly influence this association and release 
organic matter from clay minerals via reductive or oxidative 
dissolution of clay minerals. In this study, the relationship 
between bioreduction of structural Fe(III) in smectite and 
organic matter release from the smectite structure  
was investigated. Two methanogens: mesophilic 
Methanosarcina mazei and thermophilic Methanothermobacter 
thermautotrophicus were selected to reduce structural Fe(III) 
in nontronite (an iron-rich smectite, NAu-2) that was 
intercalated with 12-Aminolauric acid (ALA), a model organic 
compound. As a comparison, sodium dithionite was used to 
chemically reduce structural Fe(III) in the same mineral. The 
reduction extents and rates were determined by wet chemistry 
and the amount of organic matter release due to reduction was 
determined by total organic carbon analysis. The effect of 
Fe(III) reduction on methanogenesis was determined by 
monitoring time-course methane production in comparison 
with no nontronite control. Reduction products were 
characterized by X-ray diffraction, infrared spectroscopy, and 
scanning electron microscopy. Our results indicated that the 
amount of organic matter release depended on the extent of 
Fe(III) reduction in nontronite. A low reduction extent of 
bioreduction (<30%) resulted in little organic matter release, 
whereas, a nearly complete chemical reduction by sodium 
dithionite released all intercalated ALA. The reductive 
dissolution of nontronite was a main mechanism for ALA 
release from the nontronite structure. Because biological 
reduction should be much more prevalent than chemical 
reduction in natural environment, the results of this study 
demonstrated that organic matter preserved within smectite 
structure should not be disturbed and released by microbial 
activities.  
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Earth life suffered a protracted recovery following the 

Permian-Triassic mass extinction (PTME) (Chen and Benton, 
2012). The extremely slow recovery process was believed to 
have been caused, in part, by the continuous impacts of 
multiple biocrisis during the Early Triassic (Stanley, 2009), of 
which the Smithian-Spathian boundary (SSB) event is 
conspicuous and resulted in a severe loss in biodiversity of 
several clades such as conodonts and ammonoids. The SSB 
biocrisis therefore provides some insights into the cause of the 
profound recovery of ecosystems after the PTME. Here, we 
report the SSB event from a new Lower Triassic section in the 
Shitouzhai section of Ziyun, Guizhou Province, South China 
by a means of precise correlation of δ13Ccarb excursions and 
broad conodont biostratigraphic constraint. Like its counterpart 
in other SSB sections, a dramatic positive shift of δ13Ccarb 
excursion brackets the SSB in Shitouzhai. Such an 
extraordinary δ13Ccarb excursion, together with distinct 
vegetation turnover across the SSB indicated by microfloral 
changes and biomarker signals, has been interpreted as cooling 
of global climate from late Smithian hothouse regime (Galfetti, 
2007; Sun et al., 2012). Climatic cooling is also indicated by a 
sharp decline in REE concentrations and CIA near the SSB, all 
of which indicate the decreased chemical weathering. Both 
δ13Ccarb and δ34SCAS excursions represent a constantly fluctuate 
but quite coupled recycling process which indicate a variable 
and unfriendly environment in late Smithian. Trace elemental 
analysis combining with age-depth model suggest that the 
study area once suffered a large flux decline across the SSB. 
All proxies indicate a climatic extreme and environmental 
stress in late Smithian, which prevented ecosystem’s 
restoration. Oceanographic conditions were ameliorated in 
early Spathian.  

This study is supported by National Natural Science 
Foundation of China (No.41272025). 
[1] Chen, Z.Q., Benton, M.J. 2012. The timing and pattern of 
biotic recovery following the end-Permian mass extinction. 
Nature Geoscience 5, 375-383. [2] Galfetti, T., Hochuli, P.A., 
Brayard, A., Bucher, H., Weissert, H., Vigran, J.O. 2007. 
Smithian-Spathian boundary event: Evidence for global 
climatic change in the wake of the end-Permian biotic crisis. 
Geology 35, 291-294. [3] Stanley, S.M. 2009. Evidence from 
ammonoids and conodonts for multiple Early Triassic mass 
extinctions. PNAS, USA 106, 15264-15267. [4] Sun, Y., 
Joachimski, M.M., Wignall, P.B., Yan, C., Chen, Y., Jiang, H., 
Wang, L., Lai, X. 2012. Lethally hot temperatures during the 
Early Triassic greenhouse. Science 338, 366-370. 
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Anaerobic oxidation of methane (AOM) is the 

predominant process in methane-rich marine environment. 
This reaction will result in distinctive mineral precipitations 
and mineral assemblages with Fe-sulfide, variety of carbonate 
and sulfate minerals.  

Our study area is located in Shenhu area, the  northern 
passive margin of the South China Sea where cabonate 
chimneys and gas hydrates samples were found in the last ten 
years. we study authigenic minerals from collected samples of 
carbonate and core sediments in Shenhu areas. The results 
show that the carbonate chimney are composed of variable 
contents of high Mg calcite, ankerite, dolomite, clay minerals 
and quartz and feldspar. The carbon isotope value of carbonate 
are from -40.2‰ to -38.7‰ . Pyrites in core sediments mainly 
present as spherular and pyritohedron shapes with framboidal 
core and elongated crusts or octahedron pyrite, and variety of 
microcrystal morphology. Marcasite and nano-graphic carbon 
are also associated with the pyrite spherules. Gypsum occurred 
as cabbage-like, dumbbell or round, a unusual association of 
‘worn’ pyrite and authigenic gypsum were found in the sample. 
The sulfur isotope of pyrite are from -30.7‰ to +39.4‰ and 
gypsum are -20.7‰. All these mineral features and sulfur and 
carbon isotopes values are interpreted to results from 
bacterially mediated pyrite and gypsum formation in an 
environment of cold seeps or gas hydrates. 
 

Acknowledgments:  Funding was provided by the National 
Natural Science Foundation of China (No. 41306061) and 
Scientific and Technology Program of GuangdongProvince 
(No. S2012040007118). 
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High concentrations of primary organic aerosol (POA) are 
often observed at urban locations. Fossil fuel combustion has 
long been assumed to be a major contributor to urban POA. 
However, cooking activities and residential wood combustion 
during cold seasons may also release significant amounts of 
POA into the urban atmosphere. Understanding the 
concentrations and physical chemical properties of POA from 
various anthropogenic sources, e.g., cooking, wood burning, 
and vehicles, is critical for evaluating aerosol’s impacts on 
urban air quality (i.e., health effects) as well as climate (i.e., 
aerosol radiative effects). Since cooking and biomass burning 
mostly release modern carbon, determining the mass 
concentrations of POA from these sources may also be 
important for understanding and validating previous findings 
that OA observed over urban areas is dominated by modern 
carbon. This is important for estimating overall emission 
factors for urban centers as well as for carbon footprint 
estimates. In this presentation, we will discuss source 
apportionment of POA in the urban atmosphere via 
multivariate factor analyses of ambient aerosol data acquired 
with aerosol mass spectrometers.  The data sets examined here 
will cover various urban centers from around the world and the 
findings will be relevant for air quality analysis of modern-day 
cities. We will discuss the identification and validation of 
different POA factors, primarily based on mass spectral 
features, diurnal patterns, and correlations with tracer species. 
Finally, we will report the average concentrations, elemental 
ratios, and size distributions of POA factors including 
hydrocarbon-like OA (HOA), cooking OA (COA), and 
biomass burning OA (BBOA). A comparison of POA 
observations between winter and summer will also be reported. 
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A simple, non-chromatographic and green method based 
on flow injection UV photochemical and ultrasonic vapor 
generation atomic fluorescence spectrometry has been 
developed for the determination and speciation analysis of 
mercury. Mercury cold vapor (Hg0) was obtained only using 
formic acid and UV or ultrasonic irradiation by this method, 
and was subsequently detected by AFS. Both mercury (Hg2+) 
and methyl mercury (MeHg) can be converted to Hg0 for the 
determination of total mercury with UV irradiation; while only 
Hg2+ can be reduced to Hg0 with the ultrasonic irradiation, thus 
determining Hg2+ only. Then, the concentration of MeHg can 
be calculated by subtracting the Hg2+ concentration from the 
total mercury concentration. The optimal conditions for the 
best cold vapor generation efficiencies are discussed in detail, 
together with the interference from transition metals. This new 
speciation method not only provides high sensitivity for 
determination of mercury species but further eliminates use of 
toxic or expensive reducing reagents, minimizes the 
contamination sources and avoids potential destruction of 
analyte species occurred in chromatographic separation 
methods. Moreover, a simpler and less toxic Hg2+ standard 
series can be used for the calibration of both Hg2+ and MeHg. 
The limit of detection is 0.005 or 0.01 mg L-1 for total mercury 
with the UV or inorganic mercury with the ultrasonic 
irradiation, respectively. The accuracy of this method was 
validated by determination of mercury in river water, tap water 
and certified reference material (Tuna fish). 
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To determine the position of tectonic suture between two 

collided continents is a hard task, particularly in the case when 
the involved continents experienced complicated 
tectonothermal histories before and after they collide together. 
In this case, it is essential to comprehensively understand the 
history of crustal growth and reworking in each continent. 
Zircon, as a crustal archive, can provide valuable information 
about this and stands up as a potential tool to fulfill this task. 

Zircon Lu-Hf isotopes, U-Pb ages, trace elements and O 
isotopes were analyzed for various types of metamorphic rocks 
from the Jiaodong and Jiaobei terranes in the Jiaodong 
Peninsula, eastern China. The results show contrasts in the 
crustal nature between the two terranes and thus provide 
constraints on the tectonic suture between the North China 
Craton and the South China Block in this region. Zircon U-Pb 
dating for the Jiaodong terrane indicates protolith emplacement 
mainly in the middle Neoproterozoic and subordinately in the 
middle Paleoproterozoic. The zircons of Neoproterozoic U-Pb 
ages exhibit a wide range of εHf(t) values from -16.8±1.0 to 
5.9±1.0, indicating reworking of both ancient and juvenile 
crustal rocks during the Neoproterozoic magmatism. Low 
zircon δ18O values (<5‰) are a diagnostic feature of the 
Neoproterozoic protolith in the Jiaodong terrane. Growth of 
the juvenile crust in the middle Paleoproterozoic is also 
recorded by a few samples. In contrast, zircon U-Pb dating for 
the Jiaobei terrane yields three episodes of magmatism at ~2.9, 
~2.7 and ~2.5 Ga, respectively. Zircon Hf isotope results 
suggest growth of juvenile crust at the two earlier episodes but 
reworking at the later episode. The crustal reworking is 
intensive in the Paleoproterozoic, resulting in granulite-facies 
metamorphism and S-type granitic magmatism at 1.90-1.85 Ga, 
and migmatization at 1.75 Ga. The zircons of Paleoproterozoic 
U-Pb ages usually exhibit high δ18O values (7-10‰). Taken 
together, the crustal nature of the Jiaodong and Jiaobei terranes 
are generally similar to that of the South China Block and the 
North China Craton, respectively. Therefore, the suture 
between the two collided continents is located along the 
Wulian-Yantai fault marking the boundary between the 
Jiaodong and Jiaobei terranes. 
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Comprehensively utilizing the methods of core 

observation, thin section identification, scanning electron 
microscope observation and an analysis of core geophysical 
properties, the lithofacies-diagenetic facies styles of nearshore 
subaqueous fans in the upper part of the forth member of the 
Shahejie Formation (Es4s) in the north zone of the Bonan Sag 
has been studied, as well as the glutenite reservoir geophysical 
properties. The glutenite of nearshore subaqueous fans in the 
Bonan Sag develops lithofacies styles as matrix-supporting 
conglomerate facies, particle-supporting conglomerate facies, 
conglomerate-sandstone facies, pebbly sandstone facies, 
sandstone facies and mudstone facies, and diagenetic facies as 
strong compaction-matrix recrystallization, strong compaction, 
intense dissolution, tight cementation and transition diagenetic 
facies. On the basis of the division of lithofacies and diagenetic 
facies, the glutenite of Es4s of nearshore subaqueous fans in 
the Bonan Sag is summarized as 11 lithofacies-diagenetic 
facies styles, and the geophysical properties longitudinal 
distribution are researched under the constraints of lithofacies-
diagenetic facies assemblages. The inner fan reservoirs mainly 
develop matrix-supporting conglomerate facies-strong 
compaction and lime-mud matrix recrystallization diagenetic 
facies and particle-supporting conglomerate facies-strong 
compaction diagenetic facies, whose geophysical properties 
are poor on the whole, mainly extremely low porosity-
ultralow permeability reservoirs, forming the sealing rocks. 
The bottom of the middle fan lithofacies assemblages which 
are far away from mudstone layers are mainly conglomerate-
sandstone facies-strong compaction diagenetic facies, pebbly 
sandstone facies-strong compaction diagenetic facies and 
sandstone facies-strong compaction diagenetic facies, all of 
which have relatively poor physical properties. The middle of 
the middle fan lithofacies assemblages which are far away 
from mudstone layers are mainly conglomerate-sandstone 
facies-moderate compaction and moderate dissolution 
diagenetic facies, pebbly sandstone facies-moderate 
compaction and intense dissolution diagenetic facies and 
sandstone facies-moderate compaction and intense dissolution 
diagenetic facies, all of which have good physical  
properties with general lower porosity-extremely low 
permeability reservoirs, forming hydrocarbon reservoirs. The 
near mudstone parts of middle fan and outer fan are mainly 
sandstone facies-moderate compaction and tight cementation 
diagenetic facies, therefore tight carbonate cemented crusts or 
mudstone layers between multi-stages fans are formed to be 
good cap rocks. 
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A large number of molecular fossils were recongnized in 

Xiamaling (XML) Formation in North China Craton. The 
interactive deposited low mature organic-rich shales, cherts 
and fine sandy mudstones constitute the primary sedimentary 
features of this 1.38-Ga-years-old stratum. In consistent with 
the interactive sedimentary layers, the molecular fossils also 
described an exquisite figure of XML ocean. Abundant 
C26~C30 steranes and rearranged steranes, 24-norcholestane, 4-
methyl-24-ethyl-cholestane, 24-n-propyl-cholestane were 
appeared in the lower segment (X2) and upper segment (X4) of 
XML profile, indicating a high degree diversity and 
differentiation of eukaryote. The ancestors of dinoflagellate 
and red algae maybe already appeared in Mesoproterozoic 
ocean. Highly stratified paleoenvironment could be reflected in 
the middle segment (X3) of XML profile. Highest productivity 
during XML was in the lower part of X3 (X3

1) with 40 m 
interactive deposition of cherts and paper-sheet black shales. 
Scarce eukaryotic molecular fossils and abundant prokaryotic 
molecular fossils, such as 2-methyl hopane, 3-methyl hopane, 
C26~C35 hopanes and rearranged hopanes, mean a prokaryotic 
community with vigorous bacteria and restricted algaes in X3

1. 
Enter into the middle part of X3(X3

2), eukaryotic molecular 
fossils were appeared and kept in low levels until X4. However, 
in the upper part of X3(X3

3), both prokaryotic and eukaryotic 
molecular fossils were scarce in the green fine sandy mudstone, 
while the 2,3,6-TMAI (trimethyl aryl isoprenoids) from green 
sulfur bacteria were appeared and kept in high levels, 
indicating a possible euxinic ocean in X3

3.  
The various and frequently alternating of molecular fossils 

in XML profile illustrated a corresponding change in the 
Mesoproterozoic ocean chemistry and microbial community. 
The Mesoproterozoic ocean might be not the bacterial 
dominated euxinic ocean[1,2], but a dynamic ocean with 
complex microbial ecosystems and metabolic pathways at 
different evolutionary stages. 

 
[1] Brocks, et al (2005) Nature 437, 866-870. [2] Martin, et al 
(2012) Precam Res 196-197, 113-127. 
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Stable carbon isotopes can be of great usefulness in the 
characterization and monitoring of CO2 sequestration sites. 
Carbon isotopes can be used to track the migration of the CO2 
plume and identify leakage sources. Moreover, they provide 
unique information about the chemical reactions that take place 
in the CO2-water-rock system. However, there are few tools 
that allow modelers to incorporate stable isotope information 
into the flow and transport codes used in evaluating CO2 
sequestration problems. In this study we present a numerical 
tool for modeling the transport of stable carbon isotopes in 
multiphase reactive systems relevant to geologic carbon 
sequestration. The code is an extension of the reactive 
transport code TOUGHREACT. The transport module of 
TOUGHREACT was modified to include isotopic species 
containing the element carbon (CO2, CO3

2-, HCO3
-,…) as 

separate species. This way, it allows any process of transport 
or reactivity influencing a given species to inherently influence 
its isotopic ratio. The chemical module and database is 
expanded to include isotopic exchange and fractionation 
between gas phase and brine.  

Three ideal systems have been studied using the current 
isotope model compared with analytical models, including a 
batch gas mixture model, a batch water + gas model, and a 1D 
flow and transport model. The performance of the code is also 
illustrated using field data from the CO2 injection project 
carried out at Pembina Cardium, Alberta, Canada. Results 
show that the flow and transport model shows a much better fit 
of the field data in terms of the relationship between δ13C(g) 
and mole fraction of CO2 in the gas phase, compare to the gas 
mixture model used in Johnson et al. (2009). Both the field 
data and the two-phase flow and transport model show that the 
carbon isotope signature arrives at the monitoring well earlier 
than expected from a gas mixture model.  

 
[1] Johnson, G., Raistrick, M., Mayer, B., Shevalier, M., 
Taylor, S., Nightingale, M., Hutcheon, I., 2009. The use of 
stable isotope measurements for monitoring and verification of 
CO2 storage. Energy Procedia 1, 2315-2322. 
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The Great Ordovician Biodiversification Event (GOBE) 

began ∼470 Ma ago during the Early Ordovician, which was 
followed by the great Ordovician mass extinction (GOME) at 
the end of the Ordovician, ∼  444 Ma ago. The GOBE 
witnessed a spectacular increase in marine biodiversity at all 
taxonomic levels largely within the phyla established much 
earlier during the Cambrian Explosion. Usually, it is proposed 
that the GOME may have been triggered by climatic changes 
associated with the late Ordovician glaciation. In contrast, the 
cause of GOBE still remains unclear. According to the oxygen 
isotopic thermometry recorded in conodonts, it is suggested 
that climatic cooling after a super green house environment 
could trigger the GOBE in the Early Ordovician. If so, how did 
climatic cooling result from the green house environment in 
the Early Ordovician? We report patterns of isotopic variation 
in high-resolution δ13Ccarb records those were well preserved 
in drill-core samples from the Tarim Basin, northwestern 
China. Those data may provide new insights into the 
Ordovician global carbon cycle and climate changes related to 
the GOBE.  

Based on oxygen isotope compositions, the strongly 
diagenetic alternation can be exclusive.  The high-resolution 
carbon isotopic data from the Tarim Basin showed four 
positive excursions of δ13Ccarb values for the Ordovician. The 
positive δ13Ccarb excursions occurred in the Early-Middle 
Floian, the Early-Middle Dapingian, the Early Darriwilian, and 
the Middle-Late Katian, respectively. We find that the C-
isotopic chemostratigraphy of the Tarim basin carbonate 
profiles can be correlated with C-isotopic records from 
contemporaneous sections globally, suggesting large 
perturbations of the global carbon cycle during the Ordovician. 
The positive δ13Ccarb excursions of ~2‰ in the Floian and the 
Dapingian were interpreted to have resulted from the enhanced 
burial rate of organic matter during the Early-Middle 
Ordovician that may have contributed to climatic cooling and 
played an important role in triggering the GOBE. Likewise, the 
δ13Ccarb increase of ~ 6‰ in the Darriwilian to Katian suggests 
another episode of elevated organic carbon burial rates in the 
global carbon cycle during the late Middle and early Late 
Ordovician.  
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Remediation of heavy metal contaminated soil includes 

physical, chemical and biological methods. Currently, a lot of 
research is focusing on adding certain sorbent to the soil to 
immobilize heavy metals. The sorbents could be divided into 
four groups: Fe oxides, organic matters, phosphates and 
silicates. 

Fe exists in various natural minerals with the fourth 
abundance in the crust. Among the known sixteen Fe oxides, 
goethite, ferrihydrite, hematite and magnetite were found 
abundantly in sediments and soils. Fe oxides express strong 
absorption ability to heavy metals owing to their abundance, 
the surface variable charge, huge specific surface area and high 
surface activity. Among Fe oxides, ferrihydrite is the dominant 
one because the abundant distribution, smaller particle 
diameter and weak crystalizing. 

In this paper, 2-line ferrihydrite was synthesized to study 
cadmium adsorption characteristics at normal temperature. The 
results show that, a. pH value plays a critical important role on 
effecting cadmium adsorption with ferrihydrite, b. under acidic 
condition, owing to the adsorption sites competing between 
cadmium and abundant in the H+ solution, the cadmium 
adsorption with ferrihydrite is not efficient. While the 
increasing of pH value leads to higher adsorption amount and 
adsorption rate. Under alkaline condition, the adsorption 
amount increases with Cd(OH)2 forming, and c. the cadmium 
adsorption amount with ferrihydrite is comparing higher than 
those with Goethite, hematite and tannic acid. 
 

Funded by Ministry of Science and Technology of the 
People’s Republic of China (NO. 2013DFA21690) and 
National Natural Science Foundation of China (NO. 41273124 )  
 
[1] Peng Lu, Noel T. Nuhfer, Shelly Kelly, et al Lead 
coprecipitation with iron oxyhydroxide nano-particles, 
Geochimica et Cosmochimica Acta 75 (2011) 4547–4561. 
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Light-absorbing materials such as black carbon (BC) and 
brown carbon (BrC) in atmospheric aerosols play a pivotal role 
in regulating the earth’s radiative budgets and climate. 
However, the representations of BC and BrC in state-of-the-art 
climate models remain highly uncertain, due to the poor 
understanding of their microphysical and optical properties. 
Direct observations and characterizations of the mixing state 
and absorption enhancement of ambient aerosols could provide 
invaluable constraints for current model representations of 
aerosol radiative effects. 

This work reports real-time measurements of submicron 
aerosol (PM1) optical properties (i.e., light extinction and 
absorption) made with the UC Davis two-wavelength cavity-
ringdown/photo-acoustic spectrometer in Fresno, CA during 
winter of 2013 as part of the NASA DISCOVER-AQ 
Experiment. The absorption enhancement (Eabs) of BC particles 
due to the “lensing” effect from coatings to BC core and/or the 
presence of other absorbing aerosols (i.e. BrC) is quantified 
using a novel thermodenuder method.  Eabs is estimated to be 
~20% at 532 nm, consistent with previous observations during 
CalNex (Cappa et al., 2012). Both Eabs at 405 nm and the 
Absorption Angstrom Exponents (AAE) exhibited strong day-
night variation, indicating different dominant sources of light-
absorbing aerosols throughout the day. Statistical analysis of 
optical and concurrent aerosol chemical composition data 
suggests that residential wood burning is the major source of 
BrC in Fresno during winter, which contributed > 20% of the 
total absorption at 405 nm during nighttime. 
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Baodao Northern Slope is the northern slope of the Baodao 
Sag located in the northeast of the Qiongdongnan Basin. 
Because of lacking in data, the comparison of the hydrocarbon 
far away from the Baodao Sag (area A) and the hydrocarbon 
close to the depression (area B) should be a key to analyze the 
hydrocarbon model of the study area. On the basis of all the 
geochemical data, some differences between them could be 
concluded as follows: compared with area B, the natural gas in 
area A has higher heavy-hydrocarbon content (8%~17%), 
lower non-hydrocarbon content (2%~3%), lighter δ13Cco2 (-
28‰~-30‰), δ13C1 (<-45‰), δ13C2(<-30‰), and the gas 
condensate contain almost no dicadinane and 4-methyl-
steranes. After further analysis, we got two accumulation 
models that could result in the differences. The natural gas of 
area A is mainly migrated from area B (the sag) by the lateral 
reservoir rock, and then mixed with little biogenic gas. Or, the 
natural gas of area A and area B have different origins; the 
former is generated from some low-mature source rock 
beneath, while the later is mainly generated from the sag.  

To determine a more reliable accumulation model, we 
calculated the faults activities and sealing capacities by seismic 
and well logging data, and also analyzed oil-gas-bearing 
characteristics by quantitative grain fluorescence experiments. 
The results show that the faults had poor sealing capacities and 
the gas reservoirs of area A were formed very late. So the 
natural gas tends to migrate along the faults vertically, and the 
gas is unlikely to be generated from the sag where the source 
rock has already been over mature. With the consideration of 
some other geological background, we concluded that the 
natural gas of Baodao Northern Slope was mainly migrated 
vertically from the source rock beneath rather than the 
depression. 
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The metabolic pathways and extent of microbial mediated 
biogeochemical cycling of important earth elements including 
carbon and nitrogen is poorly understood in deep sub-seafloor 
environments. Here, microbial diversity and their mediated 
C/N cycling in the rocks of North Pond, western flank of Mid-
Atlantic Ridge, were investigated. A series of incubations with 
variable carbon and nitrogen substrates including sodium 
carbonate, sodium acetate, methane, ammonium chloride and 
sodium nitrate, have been set up on shipboard. Significant cell 
growth was observed only when nitrogen substrates were 
supplemented, either alone, or in combination with one carbon 
substrate. This data suggests that nitrogen is a limiting nutrient 
source for cell growth in the North Pond crustal biosphere. The 
Microorganisms and their utilized pathways in the assimilation 
and transformation of C, N are identified by metagenomic 
study. In addition, barcoded MiSeq 16S rRNA sequencing of 
host rock and enrichment samples indicated that 
Gammaproteobacteria dominate the bacterial community. 
Further isolation of a bacterial strain from site U1383C showed 
its ability to oxidize reduced iron at neutral pH. These 
integrated studies would give clues to fully understand the 
subsurface microbial groups, key metabolic pathways and their 
roles in ocean crust weathering. 
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Basic intrusive rocks are found widely in the eastern 
depression of Liaohe Basin. According to core of wells, the 
main lithology in the region is diabase. They intruded into 
source rocks and accelerated source rocks maturity by their 
carrying heat.  

The main factor of influence organic maturity is intrusive 
rocks temperature when it intruded into sedimentary strata. 
And the crystallization temperature of magmatic intrusion can 
be regarded as the lower limit temperature of magma intrusion. 
The crystallization temperature can calculate by cation 
numbers of whole rocks and plagioclase phenocryst numbers. 
The cation number can be achieved by major elements analysis 
and calculation. The plagioclase phenocryst numbers can get 
from electron probe microanalysis. Samples are chosen to 
analyze chemical composition and calculate the crystallization 
temperature range. 

On the orther hand, the size and shape of magmatic 
intrusion will directly determine the baking duration and  
baking area. Combining observation of core and microscop 
with seismic profiles, diabse was found in the first and third 
member of Shahejie formation in the eastern depression of 
Liaohe Basin. Thickness of diabase is about 50-240m and  
maximum intrusion distance is about 1.3-5.6km. 

Study on temperature and scale of intrusions in the eastern 
depression of Liaohe Basin help us to learn more about 
intrusions and get some information about intrusion effect on 
organic matter. 

 
Acknowledgements: This work was supported by NSFC 

research fund (Grant No: 41202085). 
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The field of magmatic volatiles has been advancing rapidly 

in recent years so that it is too daunting to look ten years back 
and ten years forward as often done before. This presentation 
will introduce some seminal progresses in the last 5 years on 
magmatic volatiles, and look forward. 

As in many fields, major progresses are often made 
possible by improvement of analytical techniques.  We have 
witnessed major advancement of SIMS and nanoSIMS 
instruments in the measurement of volatile elemental 
concentrations, as well as nonvolatiles. These techniques now 
surpass the microFTIR technique in detection limit, spatial 
resolution, easiness of sample preparation, and the ability to 
measure many elements, although FTIR is still often used for 
calibration for H2O and CO2. The progress has allowed the 
determination of H2O and other volatile concentrations in lunar 
baslats (Saal et al., 2008), which opened doors for many 
exciting studies. In addition, ERD and Raman techniques have 
also become tools for quantitative measurement of H2O. 

Numerous recent studies of volatiles in lunar rocks have 
decimated the notion that Moon is dry and pushed water 
concentration in the lunar interior higher and higher (Saal et 
al., 2008; Hauri et al., 2011; Hui et al., 2013). Although Moon 
does not have an ocean and is depleted in many volatile 
elements such as Na and K compared to Earth, it now seems 
that lunar mantle contains similar amount of H2O as the 
terrestrial mantle. These will have important implicaitons on 
the origin of Moon. 

In addition, determination of predegassing magmatic 
volatile concentrations using melt inclusions have proliferated 
(e.g., Portnyagin et al., 2007; Johnson et al., 2008), and the 
plagioclase hygrometer has been “perfected” to allow 
measurements of predegassing magmatic H2O content of 
slowly cooled rocks (Lange et al., 2009). As a result, large 
amount of data has been accumulated, providing answers to 
fundamental questions about subduction zone processes as 
well as mantle plumes. A newly developed and novel H2O/Ce 
thermometer for subduction zone magmas is becoming a 
powerful tool (Plank et al., 2009). 

Other advancements include: the important role of CO2 in 
mantle partial melting, general viscosity models for dry and 
hydrous melts although major improvement is still necessary, 
bubble nucleation and degassing, oxygen isotope diffusion due 
to H2O diffusion, resolution of OH diffusivity, etc. 
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The observations of Calcium Isotopic fractionations of 

IAPSO seawater standard during column chemistry and NIST 
SRM 915a standard combined with a Chinese national 
carbonate standard GBW04412 (Orginal used as a Uranium 
Series geochronology reference) during TIMS determination 
were reported here. Because of the large relative mass 
difference of the Ca isotopes (up to 20%), significant 
fractionations ranged from ~4 to ~0 (δ44/40Ca915a) were 
observed in different calcium cuts (i.e. 0-20, 20-40, 40-60, 60-
80 and 80-100%) during elution through cation-exchange 
columns packed with 1 ml AG MP50 (100-200 mesh) resin. 
The more calcium was eluted from the column, the lower 
δ44/40Ca915a of the elution sloution was found. These findings 
proved the earlier cognition that resin usually holds lighter 
isotopes more tightly than heavier isotopes. Remarkably, we 
also found that the fractionation of calcium isotopic 
compositions on the column follows exponential law very well 
and the weighted average value of those compositions has no 
different with that of original IAPSO seawater. However, to 
some degree, TIMS instrumental fractionation during calcium 
runs are much more complicated but generally follows 
exponential law also in most cases. Since calcium isotopic 
composition determination generally requires a much higher 
recovery (i.e. ~100%) from the column chemistry and well 
calibration on instrumental mass fractionation, our practice 
provided new concepts to understand the calcium activities 
during experimental processes and to better restore the true 
calcium compositions of natural samples. 

This work was supported by Natural Science Foundation 
of China (No. 41373007) and State Key Laboratory of Isotope 
Geochemistry grants (SKLIG-JY-12-01, SKLIG-KF-12-01 and 
SKLIG-KF-12-02).  
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Morphological changes of oxidized diamond affects the 
quality and content and also record the diamond destructive 
processes in the kimberlite magma and the mantle. Natural 
diamond (total 603 stones) from four Ekati kimberlite pipes, 
Canada, are proposed to be classified into kimberlite-induced 
(e.g. ditrigonal outlines of {111} faces and trigonal etching 
pits) and mantle-derived (e.g. trigonal shape of {111} faces 
and hexagonal pits) groups in terms of surface etching features 
[1]. We conducted diamond dissoluiton experiments in fluid 
with variable CO2:H2O at 1 - 3 GPa and 1150 - 1400 0C to 
investigate silica content, pressure (P) and temperature (T) 
effect on interaction of H2O and CO2 fluids with diamond, and 
applied our results to the natural diamond to probe fluid 
compositions in diamond-destroying mantle metasomatism. 
Fluid compositions were monitored by synthesizing fluid 
inclusions in olivine and quartz.  

We found that diamond dissolution in aqueous fluids with 
SiO2 content increase from 0 to nearly quartz-saturated level 
produce tetrahexahedral morphology, ditrigonal {111} faces, 
negative trigonal pits on {111} faces, leaf striations and 
hillocks on tetrahexahedroid faces, but only at 1GPa and the 
upper limit of SiO2 content buffered by olivine and periclase 
form circular pits on tetrahexahedroid faces. CO2 increase in 
H2O over 50 mol. % promotes hexagonal etch pit formaton on 
{111} faces and trigonal {111} faces on oxidized diamonds, 
and P increase from 1 to 3 GPa advances the process. 
Quantitative measurement of geometry of trigons indicates that 
round-bottomed trigons only formed in water with more than 
67 mol. % CO2.  

Comparison of experimental data with surface features on 
natural diamonds suggests that most kimberlites in Ekati 
kimberlite pipes are dominated by aqueous fluids (>50 mol.% 
H2O). Circualr pits on natural diamond characterize a nearly 
pure water regime with uppre limit of olivine-saturated, and 
mantle-derived mophology on diamonds probably formed in 
CO2-dominated fluid or melts (>50 mol.%). 
 
[1] Zhang & Fedortchouk (2012) Eur. J Mineral. 24, 619-632. 
[2] Fedortchouk et al (2007) Am. Mineral. 92, 1200-1212. 
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The Yanshan-western Liaoning(Yan-Liao)) area is an 

important metallogenic belt for Cu, Ag, Pb-Zn,Au on the 
northern margin of the North China Block and where more 
than 20 Mo (Cu) deposits have been explored by now. There 
are present in the northern Hebei province and western 
Liaoning province and are mainly porphyry types, quartz vein 
types and skarn types. we selected Xiaosigou (quartz vein 
types) to detail study.  

That is located in Liaoning province. Its major 
molybdenite orebodies are situated at the inner of fine granite 
of Hongluoshan and the contact zone between fine granite and 
coarse granite. The wallrock alteration consists of potassium 
alteration, silicification, greisenization and hydromuscovite 
alteration in Xiaosigou deposits. Petrographic shows that 
aqueous two-phase inclusion is the mainly fluid inclusion type 
in molybdenite quartz veins and the homogenization 
temperatures and salinities of the inclusion in ore-forming 
stage range from 172 to 385℃, 3.7~15.8% NaCl equivalent, 
respectively. Laser Raman Spectroscopic analysis of fluid 
inclusions suggest that the ore-forming fluids once were of 
NaCl-H2O±(CO2) system. The hydrogen and oxygen isotopic 
components of typical ores indicate that the δD values of ore-
forming fluids from -79‰ to -105‰ and the δ18OH2O values 
vary from –0.2‰ to 4.3‰, which suggested that the ore-
forming fluids could be produced by mixing magmatic and 
meteoric water.During mineralization stages, the fluid 
inclusions with lower salinities underwent mixing processes 
with the fluid inclusion with middle salinities, which brought 
positive influence to molybdenite mineralization and 
concentrate. Comparative studies on geological features, 
mineralization, wallrock alteration, fluid inclusions 
characteristics and H, O isotope, we confirm that there are 
many differences between Xiaosigou and porphyry Mo 
deposit. The genesis is of quartz vein type Mo deposit.  

 
Keywords: Yan-Liao metallogenic belt; Mo(Cu) deposits; 

fluid inclusions; 
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Sijiazhai gold deposit is a typical quartz vein - 
disseminated-type gold deposit in the Daduhe gold orefield, 
which is located in the north of the well know Sanjiang ore 
cluster area. Wall rocks are amphibolite with pyrite sericite 
quartzalteration. The altered rocks have an obvious negative 
Eu anomaly compared with the wall rocks in the deposit. The 
δ34S average is 0.1‰ for pyrite and 2.3‰ for chalcopyrite. 
Fluid inclusion homogenization temperature are primarily 
280°C-300°C; salinities are at 4-6wt% and densities vary 
between 0.79 and 0.99g/cm3. The source of sulfur is inferred to 
be the mantle, with mixing additional sulfur from the crust. 
CO2 dominates in the compositions of some fluid inclusions. 
The date suggests that the Sijiazhai gold deposit fit with its 
field setting as an orogenic deposit. 

 
Keyword: mineralizing fluid, Daduhe gold field, Sijiazhai 

gold deposit 
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In the Earth’s upper mantle, sulfur mainly occurs as 

minerals and melts with near-monosulfide stoichiometries. 
Molten sulfides could have a profound influence on 
geochemical and geophysical properties of the Earth’s interior. 
For example, mobilization of sulfide melts may produce 
fractionated chalcophile and platinum group elements (PGEs) 
patterns. In this study, experiments on sulfide melting were 
conducted from 1-8 GPa in graphite and silica capsules. 
Experimental temperature and pressure conditions were 
verified against Au melting and the quartz-coesite transition. 
Partial melting of sulfide Fe0.35Ni0.12Cu0.01S0.52 (metal/sulfur = 
0.94) produces a Ni-Cu rich melt (metal/sulfur = 1.00±0.02) 
and Fe-rich residue (metal/sulfur = 0.93±0.02). Experiments 
utilizing silica capsules produced a projected sulfide phase 
diagram with a solidus curve that agrees with those of previous 
studies with the composition of Fe0.35Ni0.12Cu0.01S0.52 (Bockrath 
et al., 2004), but those with graphite capsules melt 50-100 °C 
cooler. This pronounced effect is remarkable considering that 
we measure very modest (<0.5 wt.%) solubility of C in 
monosulfide melts at 2 GPa. Experimental tests with degassed 
graphite assemblies verify that the freezing point depression is 
owing to dissolved C, rather than from unintentional hydrogen 
contamination. Experiments in graphite capsules demonstrate 
that the liquidus and solidus of stoichiometric FeS is 25 ºC 
lower than Fe0.35Ni0.12Cu0.01S0.52 at 1-3.5 GPa, consistent with 
previously reported determinations of sulfide stoichiometry on 
melting relations (Ballhaus, 2006). The resulting solidus 
curves indicate that sulfide is molten throughout the upper 
convecting mantle as well as in the deeper parts of the 
continental lithosphere, including regions of diamond 
formation.  
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There is consensus among climate models that Arctic 
climate is particularly sensitive to anthropogenic greenhouse 
gases and that, over the next century, Arctic surface 
temperatures are projected to rise at a rate about twice the 
global mean1. The response of Arctic surface temperatures to 
greenhouse gas thermal emission is modified by Northern 
Hemisphere synoptic meteorology and local radiative 
processes. Aerosols may play a contributing factor through 
changes to cloud radiative properties. Here we study the 
contribution of anthropogenic aerosols to cloud emission and 
surface temperatures in the Arctic. Using four years of ground-
based aerosol and radiation measurements obtained near 
Barrow, Alaska, we show that, where thin water clouds and 
pollution are coincident, there is an increase in cloud longwave 
emissivity resulting from elevated haze levels. This results in 
an estimated surface warming under cloudy skies of between 
3.3 and 5.2Wm-2 or 1 and 1.6 oC. Arctic climate is closely tied 
to cloud longwave emission, but feedback mechanisms in the 
system are complex and the actual climate response to the 
described sensitivity remains to be evaluated. A statistical 
study about the relationship between aerosols and radiation has 
also been investigated. 
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To investigate the effects of metasomatism on Fe isotope 

fractionation and mantle Fe isotopic heterogeneity, we report 
high-precision Fe isotopic composition of two suites of 

mantle xenoliths (Mg-lherzolites and Fe-rich lherzolites) and 
their associated mineral separates from Yangyuan, North 
China Craton. The Mg-lherzolites have Ol with Fo contents 
from 89.8 to 90.6 and have a relatively limited Fe isotopic 
variation (δ57Fe = 0.007‰ to 0.169‰) with an average of 
0.083 ± 0.044‰ (2SD/√n, n=8) and show no significant inter-
mineral disequilibria. By contrast, Fe-rich lherzolites have low 
Mg# values in bulk rock compositions (typically from 87.5 
down to 80.1) and equilibrated mineral parageneses. These Fe-
rich lherzolites and their mineral separates exhibit extremely 
larger and light Fe isotopic variations, with δ57Fe ranging from 
−0.615 to −0.311‰ (δ57Fe in Ol: −0.641 to −0.352‰; in Opx: 
−0.974 to −0.119‰; in Cpx: −0.464 to −0.211‰; in Sp: 
−0.199 to −0.078‰; in Phl: −0.427 to −0.172‰; in Amp: 
−0.364 to −0.258‰), showing strong disequilibrium Fe isotope 
fractionation between samples. The large disequilibrium 
isotope fractionations in Fe-rich lherzolite peridotites likely 
result from diffusion of light Fe isotopes from Fe-rich melt into 
the peridotite during melt percolation. This process results in 
the heterogeneous Fe isotopic composition of the lithospheric 
mantle beneath the North China Craton.  
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Dayishan granitic pluton, situated in Changning, 

southeastern Hunan Province, northwest margin of the 
Cathaysia Block, is a complex intrusive of multiple-staged 
magmatic activities. Thereinto, the north part of the Dayishan 
complex (hereinafter called the north part), was predominant in 
the tin-mineralization process with a zircon U-Pb age of 152.7 
Ma, yielding an Early Yanshanian emplacement. The 
geochemical analyses revealed that the granites of the north 
part had high SiO2 content (74.85- 77.11 wt %) and K2O 
content (3.94- 4.97 wt %) following high-K calc-alkaline series 
with differentiation index D.I. ranging from 92.86 to 95.52 and 
mafic index (Mg#) from 43.60 to 51.98. Additionally, they are 
characterized by enrichment of LREE and LILE, strong Eu 
anomalies, and depletion of HFSE and Sr. Their initial 87Sr/86Sr 
ratios as high as more than 0.715, εNd (t) ranges from -8.22 to -
4.91, and εHf (t) from -7.40 to -2.39. All the features suggest a 
strongly fractionated granite affinity. By integrated with the 
petrochemistry of geological settings, we propose a model of 
crustal metamorphosed basement partial melting contaminated 
by mantle material, related to extensional tectonic setting, to 
explain the petrogenesis of the north part of the Dayishan 
complex. 

Acknowledgement: This paper is funded by National Key 
Basic Research Development Program (No. 201CB416705) 
and China Geological Survey Investigation Program (No. 
1212011085407). 
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Postcollisional potassic and ultrapotassic magmatism in 

southern Tibet is an index for the deep (delamination) and 
surface (uplift) processes of the Tibetan plateau. We studied 
the postcollisional ~23 Ma coeval potassic and ultrapotassic 
volcanic rocks in the Xungba basin, southwestern Tibet. The 
mantle-derived ultrapotassic rocks (Group 1) are latites, with 
both mantle and crustal geochemical signatures showing by 
other younger (19-10 Ma) ultrapotassic rocks previously 
studied in S. Tibet. The high Th/Yb ratios, low Ba/La and 
Hf/Sm ratios observed in Group 1 imply derivation from a 
metasomatized lithospheric mantle regions enriched by inputs 
of pelagic sediment and carbonate during previous Tethyan 
oceanic subduction, while their relatively high SiO2 and Dy/Yb, 
low Ni/MgO and CaO/Al2O3, and convex upward Sr-O 
isotopic relationship suggest additional contributions of 
overthickened lower crust and ancient basement except for 
enriched mantle sources. The potassic rocks (Group 2), 
underlying Group 1 rocks, are intermediate to silicic, with 
adakitic geochemical features (high Sr/Y and La/Yb, and low 
Y and Yb). Such bimodal volcanic sequence in Xungba basin 
magmatism may further corroborate a delamination of lower 
part of over-thickened lithospheric mantle and a surface 
extension associated with Miocene plateau uplift. 
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With the development of exploration and production 

technology and the increasing demand of natural gas resource, 
tight sandstone gas reservoirs have been found and widely 
studied in many basins. Tight sandstone gas reservoirs have 
made a great deal of progresses in the identification and 
evaluation of source rocks and reservoir rocks, and the analysis 
of gas reservoirs characteristics, etc.. However, the gas 
accumulation mechanism in tight sandstone gas reservoirs is 
not clear because Darcy flow, as the most important way of gas 
migration and accumulation, is difficult for tight sandstone 
reservoirs due to its high capillary force and low driving forces. 
The driving forces of gas migration by Darcy flow mainly 
include buoyancy, tectonic stress and excess fluid pressure. 
However, considering that most tight sandstone gas reservoirs 
are characterized by low buoyancy, tectonic stress and excess 
fluid pressure, we suggest that diffusion could be an alternative 
mechanism of gas accumulation in tight sandstones.  

Gas diffusion can occur spontaneously so long as there is 
concentration difference even in the tight sandstones because 
the diameter of gas molecule is much smaller than that of pore 
and throat in the tight sandstones. Furthermore, diffusion has 
still been taken as one of important mechanisms of gas 
dissipation in conventional gas reservoirs. Diffusion in gas 
reservoirs has been studied in the following main aspects, 
involving (a) measurement of diffusion coefficients, (b) 
establishment of numerical diffusive models, (c) calculation of 
diffusive amount, and (d) geochemical characteristics of 
diffusive migration. However, there are still some aspects 
needed to be improved. Firstly, the effects of diffusion have 
been studied sufficiently in gas dissipation, but deficiently in 
gas expulsion and accumulation. Secondly, the mass-transfer 
rate of gas diffusion in gas reservoirs has been a matter of 
dispute. Thirdly, the gas generation, adsorption and desorption 
should be considered in the study of gas diffusion. Fourthly, 
measured diffusion coefficients have not been corrected to the 
actual geological conditions. 
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Archean sedimentary rocks (mostly black shales) have 

been intensively studied using sulfur isotopes but have not 
yielded strongly negative δ34S and Δ33S. The lack of negative 
δ34S was attributed either to an insignificant role of sulfate-
reducing bacteria (SRB) or to low seawater sulfate 
concentrations in Arcehan [1]. MIF-S is accepted to be a 
product of atmospheric photochemistry of sulfur gases 
producing at least two pools with dinstinct sulfur isotopic 
compositions (δ34S  and Δ33S) [2]. The predominance of 
positive Δ33S values in the Archean rock records raised a 
question about a “lost” negative MIF-S sink.  

Our results from the ca. 2.5 Batatal Fm. (Brazil) 
demonstrate that two types of rocks (black shales and 
carbonates) have distinctive sulfur isotope signatures. Whole 
rock analysis of black shales mostly show small δ34S variation 
with average -3.69±3.51‰ whilst carbonates possess δ34S of -
9.74±2.84‰. The Δ33S values of black shales and carbonates 
average +0.24±0.86‰ and -1.70±0.51‰, respectively. In a 
part of the carbonate section there is an excursion to negative 
Δ33S down to -3.1‰. Analyses of carbonate – associated pyrite 
using a micro drilling technique and also SIMS reveal more 
significant variation, and strongly negative δ34S for some 
grains (down to to -38 ‰) with the most negative grains 
reaching a stable negative value for Δ33S. Since the inferred 
δ34S of the sulfate pool is 10 ±5 ‰ [3], this yields a 
fractionation associated with sulfate reduction greater than 
40‰ at this time in the late Archean. The observation of an 
apparent floor for Δ33S suggests sulfate reduction by SRB from 
a well-mixed sulfate pool with negative Δ33S. Examination of 
the stratigraphic trends in Δ33S for carbonates shows a stable 
value near -2 ‰ for this sulfate pool, but reveal a coherent 
trend to more negative Δ33S (-3.15 ‰) over an interval of 
approximately 10m, which suggests a response time for this 
pool that is short relative to the deposition time of the ~70 m of 
carbonate interval. The existence of Archean carbonates with 
negative Δ33S also raises the possibility that they carry a 
significant part of the “lost” reservoir of sulfur.  
 
[1] Habicht et al (2002) Science 298, 2372-2374. [2] Farquhar 
et al (2000) Science 289, 756-758. [3] Ono et al (2003) EPSL 
213, 15-30. 
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Geological repositories for disposal of high-level nuclear 

waste generally rely on a multi-barrier system to isolate 
radioactive waste from the biosphere. An engineered barrier 
system (EBS), which comprises in many design concepts a 
bentonite backfill, is widely used. Clay formations have been 
considered as a host rock throughout the world. Illitizaton, the 
transformation of smectite to illite, could compromise some 
beneficiary features of EBS bentonite and clay host rock such 
as sorption and swelling capapcity. It is the major determining 
factor to estabish the maximum design temperature of the 
repositories because it is believed that illitizaton could be 
greatly enhanced at temperatures higher than 100 oC. However, 
existing experimental and modeling studies on the occurrence 
of illitization and related performance impacts are not 
conclusive, in part because the relevant couplings between the 
thermal, hydrogeological, chemical, and mechanical (THMC) 
processes have not been fully represented in the models. Here 
we present a fully coupled THMC simulation study of a 
nuclear waste repository in a clay formation with a bentonite-
backfilled EBS. Two scenarios were simulated for comparison: 
a case in which the temperature in the bentonite near the waste 
canister can reach about 200oC and a case in which the 
temperature in the bentonite near the waste canister peaks at 
about 100oC. The model simulations demonstrate that 
illitization is in general more significant under higher 
temeperature. However, the quantity of illitization is affected 
by many chemical factors and therefore varies a great deal. 
The most important chemical factors are the concentration of 
K in the pore water as well as the abundance and dissolution 
rate of K-feldspar. For the particular case and bentonite 
properties studied, the reduction in swelling stress as a result of 
chemical changes vary from 14% up to 60% depending on 
chemical and temperature conditions. The modeling work is 
illustrative in light of the relative importance of different 
processes occurring in EBS bentonite and clay host rock at 
higher than 100 oC conditions, and could be of greater use 
when site specific data are available. 
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Soils represent one of the largest reservoirs of mercury on 
Earth and play a critical role in its natural cycle by acting as 
both a sink and source. However, it is not well understood how 
soils sequestrate and remobilize Hg. Natural variations in 
stable isotopes of Hg are being explored as a promising tool in 
studying the sources and transformations of Hg. Published Hg 
isotopic data in soils is scarce and significantly different from 
those of atmospheric Hg, which is considered as one of the 
major sources of Hg to soils.  

We are surveying the Hg isotope compositions in mineral 
soils, litters and fresh vegetation from twelve forest sites across 
the entire contiguous United States. The current results from 
the first four sites (Thompson forest, WA; Truckee, CA; Niwot 
Ridge, CO; Howland, MA) show that all samples unanimously 
display negative mass dependent fractionation (MDF) with 
δ202Hg up to -2.7‰ and negative mass independent 
fractionation (MIF) with Δ199Hg up to -0.5‰. δ202Hg depth 
profiles show a positive correlation with total Hg and increase 
from foliage to top soils. In contrast, Δ199Hg shows little depth 
variation, suggesting this MIF signal is most likely inherited 
from the atmosphere and is not changed by mass dependent 
processes in soils. We also observe significant MIF for even 
isotopes (Δ200Hg and Δ204Hg). They display a consistent linear 
relationship with a Δ200Hg/Δ204Hg ratio of -0.5, similar to the 
ratio observed in atmospheric precipitation1. Moreover, we find 
a positive correlation between elevation and both types of MIF 
(Δ199Hg and Δ200Hg). We suggest that the MIF of even 
isotopes is linked to the production and deposition of reactive 
gaseous mercury (RGM), which is higher in the high elevation 
Western US sites than in our low elevation sites. Overall, our 
results indicate that atmosphere is the dominant source of Hg 
to soils on a continental scale, but meteorological conditions 
and atmospheric Hg speciation affect the relative contributions 
of gaseous elemental mercury (GEM) and RGM depositions 
and shape the eventual Hg isotope compositions in soils. 
 
[1] Demers et al 2013, Global Biogeochem. Cycles 
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Seabirds such as penguin are known to transport 

contaminants and nutrients from ocean to land in forms of 
guano. Therefore, elements and their isotope compositions in 
coastal sediments that are affected by guano are potential 
tracers of historical changes in seabird activity and ocean 
climate. Here we present a ~700-year sequence of Hg stable 
isotope compositions in a guano-affected sediment profile 
from a coastal area of Ross Sea, Antarctica. Mercury isotopes 
can be powerful tracers of Hg sources and transformations as 
they display both mass dependent fractionation and mass 
independent fractionation (reported here in capital delta 
notation). 

We find that the variation of Hg concentration and Hg 
isotopes are both consistent with traditional proxies such as 
total organic carbon (TOC), total nitrogen (TN) and 
phosphorous (P). We observe an abrupt decrease in Δ199Hg at 
~1650 AD to present, which coincides with similar shifts in 
traditional proxies and is linked with a drop of penguin 
population. The change in Δ199Hg  is accompanied by a shift in 
Δ199Hg/Δ201Hg from 1.35 to 0.99, indicating that the source of 
Hg in the sediment shifted from guano-imported oceanic 
methylmercury that has undergone photodegradation to 
terrestrial or atmospheric Hg (non-methylated) that was 
affected by photoreduction. We also found a gradual increase 
of Δ199Hg but constant Δ199Hg/Δ201Hg (1.35) between ~1400 
and 1650 AD, the onset of Little Ice Age (LIA, ~1350 to 1850 
AD), implying that the degree of photodegradation of oceanic 
methylmercury was increasing during this time period. We 
propose that climate change during LIA promoted stronger 
katabatic winds across the Ross Ice Shelf resulting in more 
polynya, which affected the extent of photodegradation of 
methylmercury. Our results indicate that Hg cycle in the 
maritime Antarctic is strongly associated with penguin activity 
and climate changes, making Hg isotope composition a novel 
tracer of marine ecology and paleoclimate. 
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At continental subduction zones, crustal materials enter the 

uppermost mantle to suffer ultrahigh-pressure (UHP) 
metamorphism. Some of these deeply subducted crustal 
materials are returned to the surface in the form of UHP 
metamorphic rocks, exhibiting a range of lithologies from 
felsic gneiss through mafic eclogite to ultramafic peridotite. 
Tectonic mechanism for mixing and transport of these crust- 
and mantle-derived rocks in the subduction zones has been 
enigmatic. A combination of results from the fields of geology, 
geophysics and geochemistry suggests that these UHP rocks 
are a type of tectonic melanges in continental subduction 
channel. There are at least three components in the mixed 
system: (1) felsic gneiss from the subducted granitic rock and 
shale, (2) mafic eclogite from subducted basaltic rock and 
graywacke, and (3) ultramafic peridotite from the overlying 
mantle wedge. The peridotite suffers metasomatism by 
aqueous solution and hydrous melt derived from subducting 
continental crust, generating such ultramafic metasomes as 
altered peridotite, pyroxenite and hornblendite. The element 
and isotope compositions of the metasomes are quantitatively 
dictated by the budget between the three components. The 
metasomes are stored in the lower part of orogenic lithospheric 
mantle for a variable time scale from few million years to 
hundreds of millions of years, serving as mante sources for 
synexhumation and postcollisional mafic magmatism. As such, 
different extents of physical mixing and chemical reaction in 
the subduction channel are a key to the crust-mantle interaction 
during continental collision. Therefore, the subduction channel 
processes are the tectonic mechanism that can account for 
compositional variations in orogenic peridotites and mafic 
intrusives on the microscale to macroscale.  
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Molybdenum isotopic composition and redox-sensitive 

trace elements have been used to confirm the presence of two 
anoxic black shale facies within the Ordovician–Silurian 
transition, i.e., the upper part of Wufeng Formation and the 
lower part of Lungmachi Formation in West Hubei on the 
Yangtze block of South China. The upper part of Wufeng 
Formation generally have a slightly positive δ98/95Mo signature, 
likely related to the physical disturbance, such as strong 
upwelling and multiple glacial-interglacial transitions during 
late Ordovician period. The lower part of Lungmachi 
Formation is featured by the more positive δ98/95Mo values 
(about +0.79~+1.21‰) than the upper part of Wufeng 
Formation, consistent with the enrichment of chalcophilic 
elements (Mo, Ni and U). This seems to indicate that the 
anoxic conditions continued to exist after the extinction, due to 
the possible sea-level rise contributed by the melting of ice 
sheets on the Gondwana ice cap during the deposition of the 
lower Lungmachi sediments.  
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It has been a long-standing debate as to whether the origin 

of enriched mantle end-member EMI is attributed to 
metasomatized ancient subcontinental lithosphere, recycled 
upper and lower crust, or deep mantle (transition zone and/or 
lower mantle) mixed with recycled ancient sediments. Previous 
study has shown that  a suite of Pleistocene volcanic rocks 
from northwest part of NE China  constructs a spectrum of 
potassic-rich to ultrapostassic in lithology, in which Ma’anshan 
leucitite does show the geochemical charcteristics as an end-
member. Major chemistry shows its K2O>9%, K2O/Na2>3. The 
geochemial data indicate that these rocks are highly enriched 
in LILE and REE, with extremely fractionated LREE/HREE 
ratios, and relative depletion of U, Th, Nb, Ta, Sr. The 87Sr/86Sr 
(~0.70558), εNd (~ -12) and very low 206Pb/204Pb  (~16.34), 
207Pb/204Pb  (~15.27)  demonstrate a typical EM I affinity, or to 
define  as a LOMU signature, which is similar to other leucite-
bearing ultrapotassic volanic rocks elsewhere in the world 
(Leucite Hill, Crazy Mts. and Smoky Butte). Recent Re-Os 
isotopic study on leucitites reveals that most 187Os/188Os ratios  
are higher than 0.1270, the expected value for SCLM. 
Meanwhile, preliminary study on Li and Mg isotops, together 
with 3He/4He values (Lai et al.,2005) indicate a clear signature 
of dehydration in the source region, and multiple 
metasomatism. Based on above geochemical observations and 
thermodynamic calculation (Kuritani et al., 2013), as proposed 
by Murphy et al.,(2002) and Rapp et al.,(2008), we prefer a 
deep mantle source for these ultrapotassic rocks, which has 
been isolated for 2-3 Ga and experienced multiple and 
destinctive mantle processes, such as ancient deep subduction, 
dehydration, melts/fluids metasomatism, and recycling 
geodynamics involved.  

This work is financially supported by the National Natural 
Science Foundation of China (41173045). 
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Flow field-flow fractionation (FlFFF) coupled on-line with 

UV absorbance and fluorescence detectors was used to 
examine colloidal size distribution of dissolved organic matter 
(DOM) in estuarine and coastal waters in the northern Gulf of 
Mexico (GOM). Laboratory mixing experiments using end-
member riverwater and seawater were also conducted to 
examine dynamic change in colloidal size spectra during 
estuarine mixing. Chromophores and humic-type fluorophores 
were found to partition mostly (>75%) in the 1-4 nm size 
fraction in the colloidal DOM pool. In contrast, the protein-
type fluorophores not only partitioned in the nano-colloidal 
size range, including the 1-4 nm and 3-8nm size ranges, but 
also had a major presence in the > 20 nm size range (~69% in 
the Bay St Louis, and ~72% in the Mississippi Bight). The 
colloidal concentrations all decreased with increasing salinity, 
while the ratio between protein-type fluorophores and humic-
type fluorophores showed a general increasing trend with 
increasing salinity. These results are consistent with increasing 
in-situ production for protein-type DOM and removal of 
humic-like DOM in higher salinity waters. Similar trends were 
also found in samples from the laboratory mixing experiments. 
Field samples seemed to exhibit a two-segment mixing 
between colloidal abundance and salinity, suggesting multiple 
sources of DOM in the coastal waters outside the Bay of Saint 
Louis. Also, high values of protein-type and humic-type 
fluorophore ratio at middle salinity in the bay likely resulted 
from higher autochthonous sources from phytoplankton in this 
region. Colloidal size distribution characterized by flow field-
flow fractionation provides a useful tool in understanding the 
biogeochemical cycling pathways of DOM in estuarine and 
coastal waters. 
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Boron concentration and δ11B values of sediment pore 

water at various marine environments have provided important 
information on fluid migration and can be used to assess the 
degree of organic matter degradation, water–sediment 
interaction, and fluid and sources. Determination of δ11B in 
pore water usually requires removal of matrix of samples by 
resin exchange prior to mass spectrometric measurement by 
either TIMS or MC-ICPMS. However, the resin exchange 
procedure may introduce boron contamination during sample 
processing and is complex and time consuming. Moreover, 
incomplete recovery of boron by resin exchange would cause 
isotope fractionation and lead to inaccurate results. 
Alternatively, δ11B in pore water can be measured by loading 
untreated samples directly on degassed filaments and measured 
as BO2

- on TIMS (e.g. Li and Jiang, 2010). However, for the 
N-TIMS method, each step should be processed with great 
caution to minimize the influence of time-dependent in-run 
mass fractionation and possible interference from organic 
matter.  

In this study, we made an attempt to use a matrix-matching 
method for rapid determination of δ11B in pore water without 
purification. All measurements were performed on a Thermo 
Scientific multi-collector inductively coupled plasma mass 
spectrometry (MC-ICPMS). δ11B in five untreated pore water 
samples from the northern South China Sea were directly 
measured using standard-sample bracketing technique (SSB). 
Seawater was used as standard during the analysis based on 
considerations that pore water and seawater, have similar 
metrics and should have similar matrix effects during MC-
ICPMS measurement. For comparison, we carried out 
chemical purification on the same pore water samples 
following the method of Yan et al. (2012). The δ11B of the 
purified samples were then determined using standard-sample 
bracketing technique, where NIST951 was used as standard. 
Results showed consistent δ11B values for the two methods, 
with differences of less than 0.9‰ for most samples and a 
relatively higher value of 1.2‰ for 1 sample. The results also 
showed that the B concentrations in pore water had no obvious 
influence on the determined δ11B values.  
[1] Foster G L, Hönisch B, Paris G, et al. Interlaboratory 
comparison of boron isotope analyses of boric acid, seawater 
and marine CaCO3 by MC-ICPMS and NTIMS. Chemical 
Geology, 2013, 358: 1-14. [2] Li Y P, Jiang S Y. Boron 
concentration and isotopic constraints on processes affecting 
the chemistry of interstitial water in normal-and over-pressured 
basins, Gulf of Mexico[J]. Marine Geology, 2010, 275(1): 230-
243. [3] Yan X, Jiang S Y, Wei H Z, et al. Extraction and 
Determination of Boron Isotopic Composition in Tourmalines. 
Chinese Journal of Analytical Chemistry, 2012, 40(11): 1654-
1660.  
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Although carbonates from inorganic precipitation 

experiments and marine organisms show temperature 
dependent Mg isotope fractionations, strong kinetic and 
biological controls have also been identified in previous 
studies. A better understanding of factors that control Mg 
isotope fractionations in carbonates could help interpret the 
natural variations of Mg isotopes in oceans and sediments.  

We conducted a set of experiments precipitating 
nesquehonite at 25oC under controlled saturation state and 
aqueous [Mg2+]/[CO3

2-] ratios. In each experiment, a certain 
amount of NaHCO3, NaOH and MgCl2 solution were rapidly 
mixed, to achieve oversaturation of nesquehonite in a closed 
stirring cell. Solution and solid samples were collected and 
separated continuously. Induction time was detected when the 
solution started to lose its transparency. The Mg concentration 
of the solution was measured by ICP-MS (Element) and the 
Mg isotope composition of the solution and solids were 
measured by MC-ICP-MS (Neptune) after being purified using 
cation exchange resin at Yale University.  

Our results show that solutions with higher [Mg2+]/[CO3
2-] 

activity ratio have longer induction time given the same 
saturation state. Moreover, solution with [Mg2+]/[CO3

2-] ratio 
close to 1 tends to have shorter induction time, which is 
consistent with previously-published CaCO3 growth data, 
indicating similar nucleation and growth mechanism between 
calcite and nesquehonite. The Mg isotope fractionation shows 
interesting behaviors over the course of nesquehonite 
precipitation. During the crystal growth stage, the Mg isotope 
fractionation between nesquehonite and solution (Δ nesquehonite-

solution), and Mg concentration in the solution can be understood 
by the Rayleigh fractional crystallization model, and the 
Δnesquehonite-solution for experiments with slower growth rate is 
about -1.5 per mil and with faster growth is -1.2 per mil at 
25oC. During the crystal aging stage, the fractionation factor 
turns smaller, which could be explained by a dissolution and 
reprecipitation mechanism. A model is developed to explain 
the induction time, crystal growth and Mg isotope fractionation 
during the nucleation, crystal growth and aging process.  
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We combined the field collections with the laboratory 

cultured modern snails, to quantitatively explore the 
environmental and climatic implications of δ13C in the land 
snail shell aragonite. Under laboratory condition, the cultured 
experiment on the snail Achatina cf. fulica was carried out. 
The δ13C fractionation between snail shell and the diet is 
14.7‰±0.7‰. The carbon isotopic compositions of modern 
snail shells exhibit negative correlations with the average mean 
precipitation and the mean temperature during the snail living 
season. Contrarily, the δ13C of shells shows positive 
correlation with the elevation and the latitude. The 
environmental factors impacting on δ13C of snail shells via 
regulating and altering the local vegetation types or carbon 
isotopic compositions. The precipitation and temperature 
during the snail living season are the fundamental factors that 
affect and may alter the distribution pattern of the vegetation 
with different photo-synthetic styles in nature. Finally, an 
empirical equation between the land shell δ13C values and 
annual average precipitation (P) and temperature (T) can be 
derived as: 

δ13Csnail shell=10.33–7.65logT–3.89logP (R=0.764, n=18, 
p<0.05) 
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Nano-scale pore throats dominate in the unconventional 

tight oil and gas reservoirs and the pore-throat microscopic 
structure plays a key role in leading to low-permeability and 
low-porosity reservoir features.Currently,there are a variety of 
methods on pore-structure study of conventional 
reservoirs,while there are fewer on pore-throat characterization 
study for unconventional tight oil and gas reservoirs,most of 
which are at exploration stage.By using multiple testing 
methods involving nanoscale material science,physical 
chemistry and analytical chemistry and by selecting distinct 
charaterization associations on basis of different lithologic 
features,initial progresses are achieved in characterization of 
size,morphology,distribution and 3-D extention of 
pores,besides,characterizaiton precision of nano-scale 
microscopic pore-throat structure in unconventional reservoirs 
is also greatly promoted,which helps to realize more accurate 
and scientific characterization of pore-throat structure. 

1)Using series of methods to characterize the different 
types and scale of pore-throats system in artificial cores and 
natural cores and to establish the best technical combination 
for different rocks.  

2)Optimize one or several pore structure parameters to 
characterize the property of tight reservoirs, and subdivide 
types in detail.  

3)The permeability of tight shale is at micro-Darcy even 
nano-Darcy scale. Based on the comparison of experimental 
data and numerical simulation, effective methods for pores 
recognition and definition in tight reservoirs should be 
developed. The combination of data obtained from different 
methods may be helpful to characterize the micro-nanometer 
pore-throats systems. 
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The solution and precipitation of Mn in inorganic systems 

are primarily redox-controlled. Precambrian manganese ores 
show a strong concentration of deposits in the Paleoproterozoic 
and a lesser occurrence in the Neoproterozoic, leaving a 
conspicuous gap in the Mesoproterozoic. The Mesoproterozoic 
Wafangzi ferromanganese oxide deposit in North China Craton 
provide a rare opportunity to track the possible factors leading 
to the boring period for manganese metallogenesis,. 

The Wafangzi ferromanganese oxide deposit is 
characterized by high Fe and Mn contents, low trace elements 
concentrations (e.g. Co, Ni, Mo, Cu, Mo, Pb, Zn, REE), and 
significant negative Ce anomalies. All of these features suggest 
that the deposit was formed by fast oxidative precipitation of 
Mn and Fe derived primarily from hydrothermal venting. 
Negative Ce anomalies are believed to be inherited from the 
ambient seawater during fast precipitation, indicating the 
ambient seawater must have more striking negative Ce 
anomalies. The negative Ce anomalies coupled with high Fe 
and Mn contents in the Wafangzi ferromanganese oxides 
reveal a relative well-oxygenated Mesoproterozic submarine 
seawater. 

We propose that it was the decreasing of Mn hydrothermal 
input in the Mesoproterozoic due to tectonic inactivity between 
two periods of supercontinent formation, rather than oceanic 
redox chemistry in the Earth’s middle age, which resulted in 
the deficiency of sedimentary manganese ore in the 
Mesoproterozoic eon 
 



 Goldschmidt2014 Abstracts  
 

 

2874 

2874 

EXAFS study of secondary Fe(II) 
precipitates formed during Fe(II) 

sorption onto clay and metal-oxide 
substrates 

YING ZHU* AND E. J. ELZINGA 
Rutgers University, Department of Earth & Environmental 

Sciences, Newark, New Jersey, USA. (*correspondence: 
yingzhu8@rutgers.edu) 

  
Microbial respiration of Fe(III)-oxides in suboxic and 

anoxic aqueous geochemical environments leads to release of 
Fe(II) to solution. The geochemical fate of released Fe(II) is at 
least partially controlled by Fe(II) sorpton reactions with 
mineral substrates of the soil matrix. Our previous work has 
shown rapid formation of Fe(II)-Al(III) layered double 
hydroxides (Fe(II)-Al(III)-LDH) during sorption of aqueous 
Fe(II) onto γ-Al2O3 at the near-neutral pH values typical of 
anoxic soil environments [1]. The aim of the work presented 
here was to characterize the secondary Fe(II) phases formed 
during Fe(II) sorption in anoxic suspensions of γ-Al2O3, clay 
and amorphous silica over a range of reaction conditions and 
sorption times. 

Experiments were performed with varying pH (6.0-8.0) 
and reaction time (up to 110 days) using a combination of 
batch experiments and synchrotron X-ray absorption 
spectroscopy. Formation of secondary Fe(II) precipitates was 
observed at pH > 7 in all systems, with the rate of precipitation 
and the types of precipitates formed varying with pH and 
substrate type. Precipitation of Fe(II)-Al(III)-LDHs was 
observed pH  ≥ 7.0 in the γAl2O3 suspensions and at pH 7.0 
and 7.5 in the Fe(II)-clay system, whereas poorly-crystalline 
Fe(II)-phyllosilicates  formed at pH  ≥ 7.5 in the amorphous 
SiO2 suspensions and at pH 8.0 in the clay suspensions. 
Precipitation rates increased with pH in all systems, and were 
faster in the γAl2O3 and amorphous SiO2 suspensions than in 
the clay suspension at same reaction conditions. Attainment of 
sorption equilibrium in the Fe(II)-γAl2O3 sorption experiments 
permitted calculation of the thermodynamic solubility products 
of the Fe(II)-Al(III)-LDH phases formed. The findings of this 
study suggest an important role of soil mineralogy in directing 
Fe(II) precipitation in anoxic soils, and suggest the potential 
for considerable variability in the composition and structure of 
secondary Fe(II) precipitates formed. 

  
[1] Elzinga (2012) Environ. Sci. Technol. 67, 4894-4901 
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10Be accumulates in rocks from the time they are exposed 
to cosmic rays, and thus the challenge lies both in dating with 
high accuracy and in dating young samples, with very low 10Be 
inventory. Over the last 5 years, community efforts have led to 
improvements in production rate calibration, and in the 
instrumental and geochemical aspects of 10Be analyses [e.g., 
1]. The impact of this increased sensitivity is illustrated by the 
recent publication of surface exposure ages of geologic 
formations of <1000 years [2], revealing immense potential for 
quantifying landscape change over the historical period, and 
for providing numerical models of erosion, hydrology, 
tectonics and glaciation with field measurements for 
calibration.  

Over the last several years, the CAMS accelerator facility 
has established the capability for measuring 10Be at high 
precision (1% or less) with very low background levels (~5 x 
10-17 10Be/9Be)[3]. Measurement of 370 individual cathodes of 
known a 10Be standard with 10Be/Be of 2.85x10-12 over the last 
two years shows average precision of 0.6%. It must be noted, 
however, that this does not capture the real precision of 
samples prepared from geological materials.  

Carrier solution made from selected beryl has allowed 
many sample preparation labs to routinely produce 10Be/9Be 
process blanks between 5 x 10-16 – 4 x 10-15. However, 
chemical separation of Be from geologic material remains a 
significant challenge for many labs. The maximum 9Be 
currents measured on targets submitted to CAMS clearly 
illustrates this. Cathodes from 7 labs produce currents within 
+/-15% of the currents on standards, while samples from other 
labs are only 40-65% of the standards and quite variable. Key 
to improving the quality of 10Be analyses and to providing a 
realistic assessment of the total precision and accuracy will be 
widespread preparation and measurement of process standards 
such as those offered through the CRONUS program [4].  
 
[1] Hunt et al (2008) Anal. Chem., 80, 1656-1663; [2] Putnam 
et al 2012 Nature Geosci. 5, 627-630; Licciardi et al 2009 
Science 325, 1677-1679; Kelly et al 2008 QSR  27, 2273-2282; 
[3] Rood et al 2010  NIM-B 268, 730-732; [4] Jull et al 2013 
Quat. Geochron.  in press. 
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Arctic soils contain vast quantities of carbon. Recent 

warming is amplified in the Arctic, deepening the active layer 
and making previously frozen carbon available for 
remineralization. The bioavailability of Arctic soils is typically 
assessed via time consuming incubations or in situ 
manipulations. However, these types of studies can be both 
time consuming and lead to unnatural conditions. In an attempt 
to bridge the gap between microbial ecology and soil 
chemistry, we present data illustrating that n-alkane 
distributions are diagnostic of microbial bioavailability of 
Arctic soil carbon. Low carbon mineral soils from the 
Canadian high Arctic and organic rich soils from near Barrow, 
Alaska were analysed for n-alkanes, the radiocarbon 
heterogeneity of the organic matter as a function of polarity 
and the radiocarbon content of the viable microbial 
community. Mineral soils contained n-alkanes that were highly 
reworked and ranged in radiocarbon content by 700 ‰, yet 
contained microbes with modern radiocarbon. Conversely, 
organic soils contained n-alkanes representative of recent 
vegetation, were more isotopically homogenous (ΔΔ14C ~ 200 
‰) and contained microbes that were radiocarbon deplete. Our 
results indicate that carbon in highly reworked soils, which 
have a low odd over even preference, is far less bioavailable to 
the microbial community and n-alkanes distributions are 
diagnostic of bioavailability. 

 


